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OBJECTS AND EUL'BS 

OP 

THE ASSOCIATION. 

— ^ — 

OBJECTS. 

Tub Association contemplates no interference with the ground occupied 
by other institutions. Its objects arc: — To give a stronger impulse and 
a more systematic direction to scientific inquiry,— to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers, — to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 

liULES. 

Admiasion of Members and Associates. 

All persons who have jj^tended the first Meeting shall be entitled 
to become Members of the Association, upon subscribing an obligation 
to conform to its Eules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transacti^s, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in liko manner, to become 
Members of the Association. 

All Members of a Philosophical Institution rccommaiidcd by its Coun- 
cil or Managing Committee shall be entitled, in like manner, to become 
Members of the Association. 

Persons not belonging to sucli Institutions shall be elected by the 
General Committee or Council to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a^General Meeting. 

Gompositions, Suhsc^dptione^ and Privileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Keports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
tiud in each following year the sum gf One Pound. They shall receive 
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fjratnitoushj the Reports of the Association for tlie year of their aiimission 
and for the years in which they continue to pay loithout intermission their 
Annual Subscription. By omitting to pay this subscription in any par* 
ticular year, Members of this class (Annual Subscribers) lose for that and 
all future years the privilege of receiving tlie volumes of the Associatfon 
gratis ; but they may resume their Membership and otlier privileges at any 
subsequent Meeting of tlio Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nox^ be 
eligible to serve on Cpmmittees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One PouTid annually. [May resume their Jilembership after 
intermission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their ^Membership after intermission of 
Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the IVlembers and Associates will bo entitled to receive the annual 
volume of Reports, gratis, or to purnhascAt at reduced (or Members’) 
price, according to the following specification viz. : — 

1. Gratis, — Old Life Members who have paid Five Pounds as a compo* 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, 
a further sum of Five Pounds.^ 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members ivho have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members^ Price, viz., two-thirds of tlie Publication Price. 

— Old Life Member.s who Iiave paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. • 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing yieir sets) any 

of the volumes of the Reports of the Association up to 1874, 

of ivhich more than 15 copies remain, at 2s. 6d. po-’ volume.* 

♦ 

Application to be made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Oouiicil. 

Subsci’iptions shidl be received by the Treasurer or Secretaries. 

* A few complete seLs, ls;U to 1874, are on sale, at £10 the set. 



KULiifiS UJ!' THE Ai^SUClATION. 


^Xl 


Meetings. 

The Association shall meet annually, for one week, or longer. Tlio 
of each Meeting shall bo appointed by the General Committee not 
less than two years in advance * ; and the arrangements for it shall bo 
entrusted to the Officers of the Association. 

• 0 General Committee. 

• 

The*General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. Tt shall consist of the 
following persons ; — 

Class A. Permanent Memuers. 

1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and pi*eceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which arc taken into considera- 
tion at the Sectional Meetings of the Association. With a view of sub- 
mittmg new claims under this Itule to the decision of the Council^ they must be 
sent to the Assistant General Secretary at least one month before the Meeting 
of the Association. The decision of the Council on the claims of any Member 
of the Association to be placed on the Iwtof the General Committee to be final. 

Class B. Temporary Members.- 

1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained. Claims under this Rule to be sent to the 
Assistant General Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this J^ule to be approved by the Local Secretaries 
before the opening of the Meeting. 

3. Foreigners and other individuals whoso assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 

Organising Sectional Committees.^ 

The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council, and have power to exercise the func- 
tions of Sectional Committees until their names are submitted to the 
General Conjmittee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,^ and of preparing Reports 


* hevised by the General Committee, Liverpool, 189B. 

- llevised, ]\ronlrcal, 1881. 

•' Passed, Kdinburgh, I87J, rcvi.sed, Dover, 185)9. 

* iVotire to Cnntrlhutoj's of ^[emoirs. — Aulbors aie reminded that, under an 
ariangement dating from 1871, the acceptance of Memoirs, and the days on which 
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tbcrcou, and ou ilie order in wbicli ifc is desirable that they sliould bd 
read. The Sectional Presidents of former years are ex officio members 
of the Organising Sectional Committees. ‘ 

An Organising Committee may also hold such preliminary meetingjs '* s 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
2 r.M., to appoint members of the Sectional Committee.*^ 

(Jonstiiiiiion of the Sectional Committees.^ 

On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section, who will bo appointed by the 
General Committee at 4 and those previous Presidents and Vice- 
Presidents of the Section who may desire to attend, are to meet, at 2 P.M., 
in their Committee Rooms, and appoint the Sectional Committees by 
selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. Any 
Member w'ho has intimated the intention of attending the Meeting, and 
who has already served uiioii a Committee of a Section, is eligible for 
election as a Member of the Committee of that Section at its first 
meeting.* The Sectional Committees thus constituted shall have power 
to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 a.m. on the next day in the Journal of 
the Sectional Proceedings. 

Basiness of the Sectional Committees. 

Committee Meetings are to be held on ‘he Wednesday, and on th(5 
following Thursday, Friday, Saturday,'"* Monday, and Tuesday, for the 
objects stated in the Rules of the A ssociation. The Organising Committee 
of a Section is empowered to arrange the hours of meeting of the Section 
and the Sectional Committee except for Saturday.'* 

The business is to be conducted in the following manner : — 

1 . The Pj’csideiit shall call on the Secretary to read the minutes of 
the i)rcvious Meeting of the Committee. 


1 lu'y an; to oo nwl, aru now us far as possible dfluniiiiKMl by Commit Lci’S 

i<jr iIk; sovcnvl Sod ions he fore the hcffitmimj of the Meeting ^ It has therefore become 
necessary, in order to i^ive an opportunity to the (Vminnttces of doin'' justice to the 
several Commimiciitions, tiiut each author should prepnre ati Abstract of his Memoir 
of a length suitable for insertion in the published Transactions of the Association, 
and that ho should send it, together with the original Memoir, by book-post, on or 

before addressed to the General Secretaries, at the office of 

the Association. ‘For Section ’ If it should he inconvenien^ to the Author 

that his paper sliotdd be read on any particular days, he is requested to send in- 
formation tliereof to the Secretaries in a se])arate note. Authors wVo send in their 
MSS. three complete weeks before the Meeting, and -whose papers are accepted, 
will be furnished, before the Meeting, with printed copies of their Ueports and 
abstratjts. No Report, I'aper, or Abstract can be inserted in the Annual Volume 
unless it is liandcd cither to the Recorder of the Section or to the Assistant General 
Secretary before the conclumon of the Meeting, 

* Sheffield, lft7U. * Swamsea, 1880, revised, Dover, 1899. 

Edinburgli, 1871, revised, Dover, 1890. ♦ Glasgow, 1901. 

® The meeting ou Saturday is optional, Southport, 1883. * Nottingham, 1893. 
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2. No paper shall be road until it has been formally accepted by the 
Committee of the Section, and entered on the minutes accord- 
ingly- 

, 3. Papers which have been reported on unfavourably by the Organ- 
ising Committees shall not be brought beforo tho Sectional 
Committees. ‘ 

• 

At tho first mfteting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
of Bocomniendations adopted at the last Meeting of the Association 
and printed in the last volume of the Report. Ho ^vill next proceed to 
read the Report of the Organising Committee.^ The list of Communi- 
cations to bo read on Thursday shall bo then arranged, and the general 
distribution of business throughout the week shall bo provisionally ap- 
pointed.* At the close of the Committee Meeting the Secretaries shall 
forward to tho Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same beforo 8 a.m. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and tho following days, 
the Secretaries are to correct, on a copy of tho Journal, the list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 a.m. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
tho Committee. ^ 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in tho Minute-Book daily, which, with aZZ Memoirs and Copies or Abstracts 
of Memoirs furnished by Aidhors^ are to be forwarded^ at the close of the 
Sectional Meetings^ to the Assistant General Secretary. 

Tho Vice-Presidents and Secretaries of Sections become ex officio 
temporary Members of the General Committee (vide p. xxxi), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for tho advancement of Science. They are 
Bpccially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for tho purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the 
s^to and progress of which Reports arc wanted ; to name individuals or 
Committees fop the execution of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Members of the Committee should he namedy and 


1901. 


‘ Plymouth, 1877. 


Sdiuburgh, 1871. 


b 
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one of them ap’polnted to act as Chairman, tvho shall have notified per- 
soiially or in loriting his loilUng'ness to accept the office, the Ohai/rman to have 
the responsihility of receiving and disbursing the grant (if any has been made) 
and securing the presentation of the Report in due time; and, further, it/s 
expedient that one of the members should be appointed to act as Secretary, for 
ensuring attention to business* 

That it is desirable that the nu^nber of Me^nbers appointed to serve on a 
Committee shoidd he as small as is comistcnt with its efficient working. 

That a tabular list of the Committees appointed on the recommendation 
of each Section should be sent each year to the Recorders of the several Sec- 
tions, to enable them 'to fill in the statement ivhebher the several Committees 
appointed on the recommendation of their resjiective Sections had presented 
their reports. 

That on the proposal to recommend the appointment of a Committee for a 
special object of science having been adopted by the Sectional Committee, the 
number of Members of such Committee be then fixed, hut that the Members to 
serve on such Committee he nominated and selected by the Sectional Com- 
mittee at a subseq'uent meeting^ 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to bo forwarded, without delay, to the Assistant General Secretary 
for presentation to the Committee of Kccommendations. Unless this be 
done, the Recommemlations cannot receive the sanction of the Association, 

N.B. — Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
General Committee. % 


Notices regarding Ghxtnts of Money, ^ 

1. No Committee shall raise money in the name or under the auspices of 

the British Association without special permission from the General 
Committee to do so ; and no money so raised shall be expended 
except in accordance with the Rules of the Association. 

2. Ill grants of money to Committees the Association does not contem- 

plate the payment of personal expenses to the Members.- 

3. Committees to which grants of money are entrusted by the Association 

for the prosecution of particular Researches in Science are ap- 
pointed for one year only. If the work of a Committee cannot bo 
completed in the year, and if the Sectional Committee desire the 
work to bo continued, application for the reappointment of the 
Committee for another year must bo made at the next meeting, .of 
the Association. 

4. Each Committee is required to present a Report, whether final or in- 
terim, at the next meeting of the Association after their appoint- 
ment or reappointment. Interim Reports must be submitted in 
writing, though not necessarily for publication. 

* Revised by tlic General (.bramittee, Ratli, 1888. 

Revised by the General Committee at Ipswich, 1805i 
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5. la each Committee the Chairman is the only person entitled to 

call on the Treasurer, Professor G. Carey Foster, F.R.S., for 
such portion of the sums granted as may from time to time bo 
required. 

6. Grants of money sanctioned at a meeting of the Association expire on 

June 30 following. The Treasurer is not authorised after that 
date to allow any claims on account of such grarfts. 

The Chairmai! of a Committee must, before the meeting of the Asso> 
• ciation next following after the appointment or reappointment of 
the Committee, forward to tho Treasurer a statement of the sums 
which have been received and expended, %Vith vouchers. The 
Chairman must also return tho balance of tho grant, if any, which 
has been received and not spent ; or, if further expenditure is con- 
templated, he must apply for leave to retain the balance. 

8. When application is made for a Committee to be reappointed, and to 
retain tho balance of a former grant which is in the hands of the 
Chairman, and also to receive a further grant, the amount of such 
further grant is to be estimated as being additional to, and not 
inclusive of, the balance proposed to be retained. 

0. The Committees of the Sections shall ascertain whether a Report has 
been made by every Committee appointed at the previous Meeting 
to whom a sum of money has been granted, and shall report to the 
Committee of Recommendations in every case where no such 
report has been received. 

10. Members and Committees who may bo entrusted with sums of money 

for collecting specimens of any description arc requested to re- 
serve the specimens so obtained to bo dealt with by authority of 
the Council. 

11. Committees are requested to furnish a list of any apparatus which 

may have been purclijxsod out of a grant made by the Association, 
and to state whether tho apparatus will bo useful for continuing 
the research in question, or for other scientific purposes. 

12. All Instruments, Papers, drawings, and other property of the Asso- 

ciation are to bo deposited at the Office of the Association when 
not employed in scientific inquiries for the Association. 


Biiainess of the SectioTia. 

The Meeting Room of each Section is opened for conversation shortly 
before the meeting commences. Tho Section Rooms and apiyroaches thereto 
can he used for no notices^ exhibitions, or other purposes than those of the 
As8ociatio7i, • 

At the tiiqe appointed the Chair will be taken,* and the reading of 
communications, in the order previously made public, commenced. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as tho number and nature of the communications 
delivered in may render such divisions desirable. 

* The Organising Commilicc of a iSoction is empowered lo arrange the hours 
of meeting of the Section and of the Sectional Committee, except for Saturday. 



icxxvi 


UKrORT — 19(»1 . 


A Kcport presented to the Association, and read to the Section which 
originally called for it, may bo read in another Section, at the request of 
the OflBicers of that Section, with the consent of tho Author. 


Duties of the Doorkeepers. 

1. To remain constantly at tho Doors of tho Kopms to which they are 

appointed during the whole time for which they arc engaged, r- 

2. To require of evgry person desirous of entering the Kooms the ex- 

hibition of a liiember’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by tlic Treasurer, or a Special Ticket signed by tho 
Assistant General Secretary. 

S, Persons unprovided with any of these Tickets can only bo admitted 
to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of tho 
Association whose names are printed in the Otiicial Programme, p. 1. 

Duties of the Messengers. 

To remain constantly at the Rooms to which they are appointed dur- 
ing the whole time for which they arc engaged, except when emj)loyed on 
messages by one of tho Officers directing these Rooms. 

Committee of Recommendations. 

Tho General Committee sliall appoint at each Meeting a Committee, 
wliich shall receive and consider the Recommendations of the Sectional 
Committees, and report to tho General Committee tho measures which 
they would advise to be adopted for tho advancement of Science. 

The e.e njjicio members of the Commits le of Recommendations are the 
President and Vicc-Preshhmtsof th(i Meeting, the Gcmjral and Assistant- 
tleneral Secretaries, tho G(;neral Treasurer, the Ti ustucs, and the Presidents 
of the Association in former years. 

All Recommendations of Grants of ]\loaey, Rc(iuests for Special Re- 
searches, and Reports on Scientific Subjects shall be submitted to tho 
Committee of Recommciidatioiis, and not taken into consideration by tho 
General Committee unless previously recommended by the Committee of 
Recommendations . 

All proposals for establishing new Sections, or altering the titles of 
Sections, or for any other change in tlie constitutional forms and funda- 
mental rules of the Association, shall be referred to tho Committee of 
Recommendations for a report.^ ^ 

If tho President of a Section is unable to attend a meeting of flic 
Committee of Recommendations, the Sectional Committee shall bo 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, due notice 
of the appointment being sent to the Assistant General Secretary.^ 

* Passed by the General Committee at ifirmingham, 1865. 

^ Passed by the General Committee at Leeds, 1890. 
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Coi^'espomling Societies} 

' '' 1. Any Society Is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

2. ApplicatiojQ inay bo made by any Society to be placed on the 
List of Corresponding^ Societies. Applications must be addressed to the 
Assistant General Secretary on or before the 1st of Juno preceding the 
Annual Meeting at which it is intended they should be considered, and 
must be accompanied by specimens of the publicatmns of the results of 
the local scientific investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
published by them. This Committee shall make an annual report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

4. Every Corresponding Society shall return each year, on or before the 
1st of June, to the Assistant General Secretary of the Association, a 
schedule, properly filled up, which will be issued by him, and which will 
contain a request for such particulars with regard to the Society as may 
bo required for the information of the Corresponding Societies Committee. 

5. There shall be inserted in the Annual Repoii of the Association 
a list, in an abbreviated form, of the papers published by the Corre- 
sponding Societies during the past twelve months which contain the 
results of the local scientific^work conducted by them ; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

G. A Corresponding Socie^ shall have the right to nominate any 
one of its members, who is also a Member of the Association, as its dele- 
gate to the Annual Meeting of the Association, who shall be for the time 
a Member of the General Committee. 


Conference of Delegates of Corresponding Societies. 

7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the Genci'al Committee* 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Yice- Chairmen, and Secre- 
taries shall br annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Coihmittee shall be ex officio members. 

9. The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10. The Secretaries of each Section shall bo instructed to transmit to 

» Passed by tlic General Committee, 1884. 
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the Secretaries of the Conference of Delegates copies of any recommen- 
dations forwarded by the Presidents of Sections to the Committee of 
Pecommeudations bearing upon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Confere’" 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into eflTect. 

11. It will be the duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the 'Confer- 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of publishing results. 


Local Gommittecfi, 

Local Committees shall bo formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 


Offi^cers. 

A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall bo annually appointed by the General Committee. 


CounciL 

In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 

(1) The Council shall consist of ' 

1. The Trustees. 

2. The past Presidents. 

3. The President and Vice-Presidents for the time being. 

4. The President and Vice-Presidents elect. 

5. The past and present General Treasurers, General and 

Assistant General Secretaries. 

6. The Local Treasurer and Secretaries for the ensuing 

Meeting. 

7. Ordinary Members. 

(2) The Ordinary Members shall be elected annually from the 

General Committee. 

t Passe4 by the General Committee at Belfast, 1874* 
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(3) Thero shall be not more than twenty-five Ordinaiy Members, of 

whom not more than twenty shall liavo served on the Council, 
as Ordinary Members, in the previous year. 

(4) In order to carry out the foregoing rule, the following Ordinary 

Members of the outgoing Council shall at each annual election 
be ineligible for nomination;— 1st, those who have served on 
the Council for the greatest number of conseci}tive years ; and, 
2nd, fiiose who, being resident in or near London, have 
attended tb^ fewest number of Meetings during the year 
• —observing (as nearly as possible) the proportion of three by 

« 

(5) The Council shall submit to the General Committee in their 

Annual Beport the names of the Members of the General 
Committee whom they recommend for election as Members of 
Council. 

(6) Thu Election shall take place at the same time as that of the 

Officers of the Association. 

Fafm and Gommmications. 

The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 

Jccounk 

The Accounts of the Association shall bo audited annually, by Auditors 
appointed by the General Committee. 
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.TRUSTEES AND GENERAL OFFICERS, 1881— 3 902, 


TRUSTEES. 

18.32-70 (Sir) R. I. MURCHISON (Bart.), : 1872 Sir J. Lubbock, Bart, (now Lord 


• F.R.S. 

1832-62 John Taylor, Esq., F.R.S. 
1832-39 C. Babbage, Esq., F.R.S. 
1839-44 F. Baily, Esq., F.R.S. 
1844-68 Rev. G. Peacock, F.R.S. 
1868-82 General E. Sabine, F.R.S. 
1BG2-81 Sir P. Egerton, Bart., F.R.S. 


GENERAL 

1 8.31 Jonathan Gray, Esq. 

1832-62 John Taylor, Esq., F.R.S. 
1862-74 W. Spottiswoodb, E.sq., F.R.S 


' Avejuby), F.R.S. 

1881-83 W. Spottiswoodb, Esq., Pres. 
R.S. 

I 1883 Lord Rayleigh, F.R.S, 

! 1883-98 Sir Lyon (now Lord) Playfair, 
! F R S 

I 1898 Prof. A.’W. RtVCKBB,F.R.S. 


TREASURERS. 

! 1874-91 Prof. A. W. Williamson, F.R.S. 
; 1891-98 Prof. A. W. RBckbr, F.R.S. 

. ; 1898 Prof. G. C. FOSTER, F.R.S, 


GENERAL SECRETARIES. 


1832-35 Rev. W. Vernon Harcourt, 
F.R.S. 

1835- 36 Rev. W. Vernon IIarcouet, 

F.R.S., and F. Baily, Esq., 
F.R.S. 

1836- 37 Rev. W. Vernon Harcourt, 

F.R.S., and R. I. Murchison, 
Esq., F.R.S. 

1837- 39 . R. I. Murchison. Esq., F.R.S., 

and Rev. G. Peacock, F.R.S. 
1839-45 Sir R. I. Murchison, F.il.S., 
and Major E. Sabine, F.R.S. 
1845-60 Lieut.-Colonel B. Sabine, F.R.S. 
1850-52 General E. Sabine, F.R.S., and 
J. F. Roylb, Esq., F.R.S. 
1852-53 J. F. Roylb, Esq., F.R.S. 
1863-69 General E. Sabine, F.R.S. 
1869-61 Prof. R. Walker, F.R.S. 

1861- 62 W. Hopkins, Esq., F.R.S. 

1862- 63 W. Hopkins, Esq., F.R,S., and 

Prof. J. Phillips, F.R.S. 

1863- 65 W. Hopkins, Esq., F.R.S., and 

F, Galton, Esq., F.R.S. 
1866-66 F. Galton, Esq., F.R.S, 


1866-68 F. Galton, Esq., F.R.S., and 
Dr. T. A. Hirst, F.R.S. 
1868-71 Dr. T. A. Hirst,. F.R.S., and Dr. 
T. Thomson, F.R.S. 

1871- 72 Dr.T. TnoMSON.F.R.S.,andCapt. 

Douglas Galton, F.R.S. 

1872- 76 Capt. D. Galton, F.R.S.. and 

Dr. Michael Foster, F.R;S. 
1876-81 Capt. D. Galton, F.R.S., and 
Dr. P. L. Sclater, F.R.S. 

1881- 82 Capt. D. Galton, F.R.S., and 

Prof. F. M. Balfour, F.R.S. 

1882- 83 Capt. Douglas Galton, F.R.S. 

1883- 95 Sir Douglas Galton, F.R.S., 

and A. G. Vernon Harcourt, 
Esq., F.R.S. 

1896- 97 A. G. Vbbnqn HARCOUBT,Esq., 

F.R.S., and Prof. E. A. 
Schafer, F.R.S. 

1897- Prof. Schafer, F.R.S., and Sir 
1900 W.C.Roberts-Austen,F.R.S. 
1900 Sir W. C. Roberts-Austen, 

F.R S., and Dr. D. H. Scott, 
F.R.S. 


iiN*^: 


ASSISTANT GENERAL SECRETARIES. 


1831 JohnThillips, Esq., | 1881-86 Prof. T. G. Bonnby, F.R.S., 

1832 Prof. J. D. Forbeb, Acting Secretary, 

Secretary, 1885-90 A. T. Atchison, Esq., M.A., 

1832 -62 Prof. John Phillips, F.R.S. Secretary, 

1862-78 G. Griffith, Esq., M.A. 1890 G. Griffith, Esq., M.A. Acting 

1878-80 J. B. H. Gordon, Esq., B.A., Secretary, 

Asmtant Secreta/ry, 189Q G, GRIFFITH, Esq., M.4. 

G. Griffith, Esq., M.A,, 

Secretary, 
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TIEPORT — 1901 , 


Preaidenta and Secretaries of the Sections of the Association. 


Date and Place Presidents Sc^sretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OP SCIENCES, I. — MATHEMATICS AND GENERAL PHYSICS. 

18.^2. Oxford Davies Gilbert, D.G.L., F.II.S. Rev. H. Coddington. 

1833. Cambridge Sir D. Brewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewcll, F.R.S. Prof. Forbes, Prof. Lloyd. 


SECTION A. — MATHEMATICS AND PHYSICS. 

1836. Dublin , Rev. Dr. Robinson jProf. Sir W. R. Hamilton, Prof. 

j Wheatstone. 

1836. Bristol Rev. Williain Whewcll, F.R.S. j Prof. Forbes, W. S. Harris, F, W. 

i Jerrard. 

1837. Liverpool... Sir D. Brewster, F.R.S 'W. S. Harris, Rev. Prof. Powell, 

i Prof. Stevclly. 

1838. Newcastle Sir J. F. W. Hcrscbel, Bart., Rev. Prof . Chevallier, Major Sabine, 

; F.R.S. j Prof. Stcvelly. 

1 839. Birmingham I Rev. ProLWicwell, F.R.S.... J. D. Chance, W. Snow Harris, Prof. 

• ! ! Stevclly. 

1840. Glasgow ... Prof. Forbc.s, F.R.S Rev. Dr. Forbes, Prof. Stevclly, 

Arch. Smith. 

1841. Plymouth Rev. Prof. Lloyd, F.R.S P’^of, Stevclly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof. M‘Culloch, Prof. Stevclly, Rev. 


F.R.S. W. Scoresby. 

1843. Cork Prof. McCulloch, M.R.I.A. ... J. Nott, Prof. Stevelly. 

1844. York The Earl of Rosse, F.R.S. ... Rev. Wm. Hey, Prof. Stevclly. 

1845. Cambridge The Very Rev. the Doan Rev. H. Goodwin, Prof. Stfivelly, 

Ely. G. G. Stokes. 

1846. Soiithamp- Sir John F. W. Herschel, John Drew, Dr. Stevelly, G. G. 

ton. I Bart., F.R.S. Stokes. 

1847. Oxford Rev. Prof, Powell, M.A., Rev. H. Price, Prof. Stevelly, G. G, 


; F.R.S. Stokes. 

1848. Swansea ... Lord Wrottesley, F.R.S Dr. Stevelly, G. G. Stokes. 

1849. Birmingham William Hopkins, F.R.S Prof. Stcvelly, G, G. Stokes, W. 

Ridout Wills. 

1860. Edinburgh Prof. J. D. Forbes, FJl.S., W.J.Macquom Rankine, Prof. Smyth, • 
Sec. B.S.E. ! Prof. Stevelly, Prof. G. G. Stokes. 

1851. Ipswich ...Rev. W. Whcwell, D.D.,!s. Jackson, W.J.Macquom Rankine, 
F.R.S. Prof. Stevclly, Prof. G. G. Stokes, 

1862. Belfast Prof. W. Thomson, M.A., Prof. Dixon, W. J. Macquorn Ran- 

F.R.S., F.R.S.E. kine. Prof. Stcvelly, J. Tyndall. 

1863. Hull Tlie Very Rev. the Dean of B. Blaydes Haworth, J. D. Sollitt, 

Ely, F.B.S. Prof. Stevelly, j.^Wel8h. 

1864. Liverpool... Prof. G. G. Stokes, M. A., Sec. J. Hartnup, H. G.** Piicklo, Prof. 

B.S. : Stevelly, J. Tyndall, J. Welsh. 

1866. Glasgow ... Rev. Prof. Kelland, M. A., Rev. Dr. Forbes, Prof . D. Gray, Prof . 

F.R.S., F.R.S.E. 1 Tyndall. 

1860. Cheltenham Rev. R. Walker, M.A., F.B.S. C. Brooke, Rev. T. A. Southwood, 

Prof. Stevelly, Rev. J. C. Turnbull, 

1867. Dublin Rev. T. R. Robinson, D.D., Prof. Curtis, Prof. Hennessy, P. A. 

F.R.S., M.R.I.A. Ninnis, W. J. Macquorn Rankinf 

I Prof. Stevelly, ' '' ’ 
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PRESIDENTS AND SEORETARIES OF THE SECTIONS. 
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Date and Place 

1858. Leeds 

1859. Aberdeen... 

186C^ Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

186L Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton. 

1873. Bradford... 

1874. Belfast 

1875. Bristol 

1876. Glasgow 

1877. Plymouth... 

1878. Dublin.. „ 

1879. Sheffield ... 

c* 

1880. Swansea ... 

1881. York..../. 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 


Presidents 


Secretaries 


Rev. W, Whewell, D.D.,jRev. S. Earnshaw, J. P. Hennessv, 
V.P.R. S. ’ Prof. Stcvelly, H. J. S. Smith, Prof, 

j Tyndall. 

The Earlof Rosse,M.A.,K.r.,' J. P. Hennessy, Prof. Maxwell, H. 
■F.R.S. J. S. Smith, Prof. Stcvelly. 


I 

Rev. B. .Price, M.A., F.R.S.... Rev. Q. C. Bell, Rev. T. Rennison, 
j i Prof. Slevelly. 

G. B. Airy, M.A., D.C.L., Prof. R. B^Cliflon, Prof. H. J. S. 

F.R.S. i Smith, Prof. Stcvelly. 

Prof. G. G. Stokes, M.A., Prof. R. B. Clifton, Prof. H. J. S. 

F.R.S. ! . Smith, Prof. Stcvelly. 

Prof.W. J. Macquorn Rankine, , Re v.N.Forrcrs,Prof.Fullor,F. Jcnkiu, 
C.E., F.R.S. 1 Prof. St evclly, Rev. C. T. Whitley. 

Prof. Cayley, M.A., F.R.S.,' Prof. Fuller, F. Jenkin, Rev. G. 

F.R.A.S. I Buckle, Prof. Stcvelly. 

i W. Spottiswoodo,M.A.,F.R.S.,! Rev. T. N. Hutcliinson, F. Jenkin, C. 

! F.R.A.S. ' S. Mathews, Prof. H. J. S. Smith, 

j i J. M. Wilson. 

iProf. Wheatstone, D.C.L.,! FlcemingJenkin,Prof.^.J.S. Smith, 
1 F.R.S. I Rev. S. N. Swann. 

■Prof. Sir W. Thomson, D.C.L.,! Rev. G. Buckle, Prof. G. C. Foster, 
j F.R.S. Prof. Fuller, Prof. Swan. 

iProf. J. Tyndall, LL.D.,| Prof. G. C. Foster, Rev. R. Harley, 
1* F.R.S. ■ R. B. Hayward. 

•t> J! T T 0—1, TT T\ It» 

i 


Prof. J. J. Sylvester, LL.D.,|Prof. G. C. Foster, R. B. Hayward, 


F.R.S 
jj. Clerk 


Maxwell, 
LL.D., F.R.S. 


M.A., 


Prof. P. G. Tail, F.R.S.E. 


W. K. ClilTord. 

Prof. W. G. Adams, W. K. ClitTord, 
Prof. G. C. Foster, Rev. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomloy, 
Prof, W. K. Clilford, Prof. J. D. 
! Evcnitl, Rev. R. Harley. 

W. De La Rue, D.C.L., F.R.S. ‘ Prof. W.K. Clifford, J.W. L.Glaisher, 

Prof. A. S. Herschcl, G.F. Rod well. 
Prof. H. J. S. Smifh, F.R.S. . ; Prof. W. K. Clilford, Prof. Forbes, J. 

; W.L. G laisher. Prof. A. S. Herechel. 
Rev. Prof. J. H. Jcllctt, M.A., . J.W.L.Glaisher,Prof.Herschel, Ran- 
M .R.I.A . dal N ixon, J. Perry, G. F. Rod well. 

iProf. Balfour Stewart, M. A., Prof. W. F. Barrett, J. W.L. G laisher, 
LL.D., F.R.S. : C. T. Hudson, G. F. Rodwell. 

Prof. Sir W. Thomson, M.A., Prof. W. F. Barrett, J. T. Bottomloy, 
D.C.L., F.R.S. Prof. G. Forbes, J. W. L. Glaisher, 

T. I^Iuir. 

I Prof. G.C. Foster, B.A.,F.R.S.„ Prof. W. F. Barrett, J. T. Bottomloy, 
i Pres. Physical Soc. ' J. W. L. Glaisher, F. G. Landon. 

IRcv. Prof. Salmon, D.D.,:Prof. J. Casey, G. F. Fitzgerald, J. 

D.C.L., F.R.S. W. L. Glaisher, Dr. O. J. Lodge. 

George Johnstone Stoney, A. H. Allen, ,1. W. L, Glaisher, Dr. 

1 M.A., F.R.S. 0. J. Lodge, D. MacAlistcr. 

IProf. W. Grylls Adams, M.A.,! W. E. Ayrton, J. W. L. Glaisher, 
j F.R.S. I Dr. O. J. Lodge, D. MacxMister. 

I Prof. Sir W. Thomson, M.A., i Prof. W. E. Ayrton, Dr. O. J. Lodge, 
LL.D., D.C.L., F.R.S. ‘ D. MacAlistcr, Rev. W. Routh. 

Rt. Hon. Prof. Lord Rayleigh, W. M. llicks, Dr. O. J. Lodge, D. 

M.A., F.R.S. ! MacAlistcr, Rev. G. Richardson. 

Prof.Q.llenrici,Ph.D.,F.R.S.jW. M. Hicks, Prof. 0. J. Lodge, 
1 1 D. ^MacAlistcr, Prof. R. C. Rowe. 

IProf. Sir W. Thomson, M.A.,.C. Carpmael, W. M. Hicks, A. Jolm- 
i LIj.D., D.C.L., F.R.S. 1 son, O. J. Lodge, D. MaoAlister. 
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Date and Place I Presidents Secretaries 


1886. Aberdeen... Prof. O. Chrystal, M. A., Tl. E. Paynes, R. T. Glazebrook, Prof. 

F.R.S.E. W. M. Hicks, Prof. W. Ingram. 

1S8G. Birmingham Prof. G. H. Darwin, M.A., R. E. Bavnes, R. T. Glazebrook, Prof . 

LL.I)., F.R.S. J. H. Poynti^ig, W. N. Shaw. 

1887. Manchester Prof. Sir R. S. Ball, M.A., U. K. Bavnes, R. T. Glazebrook, Prof." 

LL.D., F.R.S. H. Lainb, W. N. Shaw. 

1888. Bath Prof. G. F. Fitzgerald, M.A., R. E. Baynes, R. T. Glazebrook, A. 

F.R.S. Lodge, W. N. Shaw. 

1889. Newcastle- Capt. W. do W. Abney, C.B., R. E. Baynes, R. T. Glazebrook, A, 

iipon-Tyne' R.E., F.R.S. Lodge, W. N. Shaw, H. Stroud. 

1800. Leeds J. W. L. Glaisher, Sc.D., R. T. Glazebrook, Prof. A. Lodge, 

i F.R.S., V.P.R.A.S. W. N. Shaw, Prof. W. Stroud. • 

1891. Cardiff iProf. O. J. Lodge, D.Sc., 11. E. Bajmes, J. Larmor, Prof. A. 

j LL.D., F.R.S. Lodge, Prof. A. L. Selby. 

1892. Edinburgh iProf. A. Schuster, Ph.D., R. K. Baynes, J. Larmor, Prof. A. 

I F.R.S., F.R.A.S. Lodge, Dr. W. Peddic. 

1893. Nottingham I R. T. Glazebrook, M. A., F.R.S. W. T. A. Bmtage, J. Larmor, Prof. 

j A. Tiodge, Dr. W. Peddic. 

1894. Oxford |rrof.A.W.Rucker,M.A., F.R.S. Prof. W. H. Heaton, Prof. A. Lodge, 

; J. Walker. 

1895. Ipswich ...,Prof. AV. M. Hicks, M.A., Prof. W. H. Heaton, Prof. A. Lodge, 

F.R.S. I G. T. Walker, W. Watson. 

189G. Liverpool... Prof. J. J. Thomson, M. A., | Prof. W. H. Heaton, .1. L. Howard, 
D.Sc., F.R.S. Prof. A. Lodge, G. T. Walker, W. 

Watson. 

1897. Toronto ...iProf. A. R. Forsyth, M. A., Prof. W. H. Heaton, J. C.Glashan, J. 

F.R.S. L. Howard, Prof. J. C. McLennan. 

1898. Bristol | Prof. W. E. Ayrton, F.R.S. ...|A. V, Chattock, J. L. Howard, C. H. 

Lees, W. Watson, E. T. Whittaker. 

1899. Dover Prof. J. H. Poynting, F.R.S. jj.^L. Howard, 0. H. Lees, W. Wat- 

son, E. T. Whittaker. 

1900. Bradford ..JDr. J. Larmor, F.R.S !p. H. Cowell, A. Fowler, C. H. Lees, 

1 I C. J. L. Wagstaffe, W. Watson, 

1 J E. T. Whittaker. 

1901. Glasgow , , , j Major P. A. MacMahon, F.ll.^. H . S. Carslaw, C H. Lees, W. Stewart, 

i 1 Prof. L. R. AVilberforce, 

CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCES, II. — CHEMISTRY, MINERALOGY. 

1832. Oxford John Dalton, D.C.L., F.R.S. James F. W. Johnston. 

1833. Cambridge John Dalton, D.C.L., F.R.S. Prof. Miller; 

1834. Edinburgh Dr. Hope Mr. Johnston, Dr, Christison. 

SECTION *15. — CHEMISTRY AND MINERALOGY. 

1836. Dublin Dr. T. Thomson, F.R.S Dr. Apjohn, Prof. Johnston. 

1836. Bristol j Rev. Prof, Camming Dr. Apjohn, Dr. C. Henry, W. Hera- 

pat h. 

1837. Liverpool... Michael Faraday, F.R.S Prof. Johnston, Prof. Miller, Dr. 

Reynolds. i 

1838. Newcastle Rev. William Who well, F.R.S. Prof. Miller, H.L.Pattinson. Thomas 

1 Richardson. A. 

] 839. Birmingham Prof. T. Graham, F.R.S Dr. Golding Bird, Dr'. J. B. Melson. 

1840. Glasgow ... Dr. Tliomas Thomson, F.R.S.* Dr. R. D. Thomson, Dr. T. Clark, 

Dr. L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S J. Pridcaux, B. Hunt, W.M. Tweedy. 

1842. Manchester Jolm Dalton, D.C.L., F.R.S. Dr. L. Playfair, R. Hunt, J. Graham. 

1843. Cork jprof. Apjohn, M.R.I.A R. Hunt, Dr. Sweeny. 

1844. York iprof. T. Graham, F.R,S > Dr. L. Playfair, B. Solly, T.H. Barker. 

1846. Cambridge jlisv. Prof. Camming iR. Hunt, J. P. Joule, Prof. Miller 

1 I E. Solly. 
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Date and Place 


Presidents 


Secretaries 


1846. Sonthamp- Michael Faraday, D.C.L., Dr. Miller, 11. Hunt, W. Randall. 

ton. F.R.S. 

1 847. Oxford Rev. W. V. Harcourt, M.A., B. C. Brodic, R. Hunt, Prof. Solly. 

F.R.S. • 

1848. Swansea ... Richard Phillips, F.R.S T. H. Henry, R. Hunt, T. Williams. 
18^9. Birmingham John Percy, M.D., F.R.S....... 11. Hunt, G. Shaw. 

1850. Ilr. Christison, V.P.R.S.E. ... Dr. Anderson, R. Hunt, Dr. Wilson, 

1851. Ipswich ... Prof. Thomas Gralmm, F.R.S. T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.D.,F.R.S. Dr. GladStonc, Prof. Hodges, Prof. 

Ronalds. 

1863. Hull . Prof. J. F. W. Johnston, M. A., H. S. Blundell, Prof. R. Hunt, T. J. 

F.H.S. Pearsall. 

1854. 'Liverpool Prof.W. A.Miller, M.D.,F.R.S. Dr. Edwards, Dr. Gladstone, Dr. 

Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B.,F.R.S. Prof. Frankland, Dr. H. E. Roscoe. 

1856. Cheltenham I Prof. B. C. Brodic, F.R.S. ... J. Horsley. P. J. Worsley, Prof, 

j ' Voclclcer. 

Dublin 'Prof. Apjqhn, M.D., F.R.S.,| Dr. Davy, Dr. Gladstone, Prof. Sul- 

I M.R.I.A. livan. 

Leeds I Sir J. F. W. Herschel, Bart., Dr. Gladstone, "W. Odling, R. Rey- 

D.C.L. nolds. 


1867. 

1868. 

1859. Aberdeen... I Dr. Lyon Playfair, C.B,,F.R.S. 

1860. Oxford....:. jprof.B. C. Brodic, F.B.S 


J, S. Brazier, Dr. Gladstone, G. D, 
Liveing, Dr. Odling. 

A. Vernon Harcourt, G. D. Liveing, 
A. B. Nortljcote. 

1861. Manchester Prof. W. A.Miller, M.D.,F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge Prof.W.H.Miller,M.A.,F.R.S, H. W. Elphinstone, VV, Odling, Prof, 

Roscoe. 

1863. Newcastle Dr. Alex. W. Williamson, 'Prof. Liveing, H. L.Pattinson,J. C. 

F.R.S. ^ Stevenson. 

1864. Bath. W. Odling, m.B., F.R.S., A. V. Harcourt, Prof. Liveing, R. 

Biggs. 

1866. Birmingham Prof. W. A. Miller, M.D., A. V. Harcourt, H. Adkins, Prof, 
V.P.R.S. Wanklyn, A. Winkler Wills. 

1866. Nottingham H. Bence Jone^ M.D., F.R.S. J. H. Atherton, Prof. Liveing, W. J. 

Russell, J. White. 

1867. Dundee ... Prof. T. Anderson, M.D., A. Crum Brown, Prof . G. D. Liveing, 

F.R.S.E. W. J. Russell. 

1868. Norwich ... Prof. E. Frankland, F.R.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

sell, F. Subton. 

1869. Exeter Dr. H. Debus, F.R.S. Prof. A. Crum Brown, Dr. W. J. 

Russell, Dr. Atkinson. 

1870. Liverpool... Prof. H. E. Roscoe, B, A., Prof. A. Crum Brown, A. E. Fletcher, 

F.R.S. Df. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D.,F.R.S. J. Y. Buchanan, W. N. Hartley, T. 

E. Thorpe. 

1872. Brighton ... Dr. J. H. Gladstone, P.R.S.... Dr. Mills, W. Chandler Roberts, Dr. 

I W. J. Russell, Dr. T. Wood. 

1873. Bradfoid ... Prof, W. J. Russell, F.R.S..,. |Dr. Armstrong, Dr. Mills, W. Chand- 

* ! I ler Roberts, Dr. Thorpe. 

1874. Belfaj(^. Prof, A. Crum Brown, M.D., j Dr. T. Cranstoun Charles, W. Chand- 

^ I F.R.S.E. ler Roberts, Prof. Thorpe. 

1875. Bristol jA. G. Vernon Harcourt, M.A., Dr. H. E. Armstrong, W. Chandler 

i F.R.S. Roberts, W. A. Tilden. 

1876. Glasgow ...iW. H. Perkin, F.R.S W. Dittmar, W. Chandler Roberts, 

I J. M. Thomson, W. A. Tilden. 

1877. Plymouth... !F. A. Abel, F.R.S Dr. Oxland, W. Chandler Roberts, 

J. M. Thomson. 

Dublin ' Prof . Maxwell Simpson, M.D., . W. Chandler Roberts, J. M. Thom- 

F.R.S. i son, Dr. C. R. Tichborne, T. Wills, 
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Date and Place Presidents 


Secretaries 


1879. Sheffield ... Prof. Dewar, M.A., F.B.8. S. Bell, W. Chandler Boberta, 

I J. M. Thomson. 

1880. Swansea ... Jo^soph Henry Gilbert, Ph.D.,;?. P. liedson, H. B. Dixon, W. B. E. 

F.R.S. ' I Hodgkinson, ,J. M. Thomson. 

1 881. York | Prof. A. W. William.son, F.B.S. ! P. P. Bedson, H. B. Dixon, T. Gough. 

1882. Southamp- :Prof. G. D. JAveing, M.A.,|P. Phillips Bedson, H. B. Dixon, 

ton. ! F.B.S. J. L. Notter. o 

1888. Southport Dr. J.,ir. Gladstone, F.ll.S... Prof. P. Phillip.s Bedson, H. B. 

Dixon, H. Forster Morley. 

1884. Montreal ...iProf. Sir H. E. Iloscoe, Ph.D., Prof. P. Phillips Bedson, H. B. Dixon, 

! LL.D., F.R.S. T. McFarlane, Prof. W. H. Pike. 

1885. Aberdeen ... Prof. II. E. Armstrong, Ph.D., Prof. P. Phillips Bedson, li. B. Dixon, 

* F.B.S., Sec. C.S. II. Forster Morley,Dr.W.J. Simpson. 

188G. Birmingham W. Crookes, F. U.S., V.P.C.S. P. P. Bedson, H. B. Dixon, H. F. Mor- 
ley, W.W. J. Nicol, 0. J. Woodward. 

1887. Manchester ;Dr. E. Schunck, F.B.S. Prof. P. Phillips Bedson, H. Forster 

Morley, W. Thomson. 

1888. Bath Prof. W. A. Tildon, D.Sc., Prof. II. B. Dixon, 11. Forster Morley, 

i F.R.S., V.P.C.S. R. E. Moyle, W. W. J. IJicol. 

1889. Newcastle- Sir 1. Lowthian Bell, Bart., H. Forster Morley, D. H. Nagel, W. 

upon-Tyno' D.C.L., F.R.S. W. J. Nicol, H. L. Pattinson, juu. 

1890. Leeds Prof. T. E. Thorpe, B.Sc., C. I-I.Bothamley,H. Forster Morley, 

I Ph.D., F.ll.S., Treas. C.S. D. H. Nagel. W. W. J. Nicol. 

1891. Cardiff Iprof. W. (k Roberts- Au.sten, C. H, Botharnley, H. Forster Morley, 

C.B., F.R.S. W. W, J. Nicol, G. S. Turpin. 

1892. Edinburgh jProf. II, McJjcod, F.R.S J. Gibson, H. Forster Morley, D. H. 

i Nagel, W. W. J. Nicol. 

1893. Nottingham Prof. J. Emerson Reynolds, J. B. Coleman, M. J. R. Dunstan, 

I M.D., D.Sc., F.R.S. I D. Tl. Nagel, W. W. J. Nicol. 

1894. Oxford j Prof. H. B. Dixon, M.A., F.R.S. A. W. Fisher, Arthur 

1 1 Harden, H. Forster Morley. 

SECTION B (continued), — chemistry. 


1895. Ipswich ...jProf. R. Moldola, F.R.S 

189(5. Liverpool... Dr. Ludwig Mond, F.R.iS. 
1897 Toronto ... Prof. W. Ramsay, F.R.S 

1898. Bristol Prof. F. R. Japp, F.B.S 


iE. H. Fison, Arthur Harden, C. A. 
; -Kohn.J. W. Rodger. 

1 Arthur Harden, C. A. Kohn. 

Prof. W. 11. Ellis, A. Harden, C. A. 

Kohn, l*rof. R. F. Ruttan. 

1 C. A.Kohn,F. W. Stoddart, T. K. Rose. 


1899. Dover Horace T. Brown, F.R.S A. D. Hall, C. A. Kohn. T. K. Rose, 

Prof. W. P. Wynne. 

1900. Bradford ... Prof. W. IT. Perkin, F.R.S. ... W. M. Gardner, F. S. Kipping, W. 

1 J. Pope, T. K. Rose. 

1901. Glasgow ... Prof. Percy F. Frankland,'w. C. Anderson, G. G. Henderson, 

F.R.S. W. J. Pope, T. K. Rose. 


GEOLOGICAL (and. until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GE0GRAP1:Y. 

1832. Oxford IR. I. Murchison, F.B.S John Taylor. • 

1833. Cambridge. G. B. Greenotigh, F.R.S jW. Lonsdale, John Philips. 

1834. Edinburgh . i Prof. Jameson j J. Phillips, T. J. Torrie, Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGRAPHY. 

1836. Dublin [ R. J. Griffith Captain Por( look, T. J. Torrie. 

1836. Bristol Rev. Dr. Buckland, F.R.S. — William Sanders, S. Stutchbury, 

^etfy.,R.I.Murchison,F.R.S. T. J. Torrie. 

1 837. Liverpool. . , j Rev. Prof. Sedgwick, F.R.S.— Captain Portlook, R. Hunter. — fteQ- 

1 ^«6^.,G.B.Greenough,F.R.S. Oapt. H. M, Denham, B.;J ' ■ 



PRESIDENTS AND SECRETARIES OF THE SECTIONS, 
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Date and Place presidents Hcoretarics 


1838. Newcastle., C. Lycll, F.R.S., V.P.G.S. — W. C. Trevelyan, Capt, Portlock.- 

OeograpUy^ Lord Prudhoe. .Geography y Capt. Washington. 

1839. Birmingham Rev. i)r. Biickland, F.B.S.-— ; George Lloyd, M.D., H. E. Strick- 

^<?/>/ 7 .,G.B.Qrcenongh,F.R.S.! land, Charles Darwin. 

1840. Glasgow ...' 'Charios Lyell, F.R.S. — Geog.y , W. J. Hamilton, D. Milno,H. Murray, 

^ G. B. Grocnough, F.U.S. * H. E. Strickland, J. Scoular. 

18^1. Plymouth... H. T. De la Beche, F.R.S. ... |W.J. Hamilton, Edward Moore, M.D., 

R. Hutlon. 

1 842. Manchester R. I. Murchison, F.R.S i E. W. Bfnney, R. Hutton, Dr. R. 

Lloyd, II. K. Strickland. 

184.3. Cork Richard E. GrifHth, F.R.S. ... F. M. Jennings, H. E. Strickland. 

1844. York Henry Warburton, Pres. G. S. Prof. Ansted, E. H. Bunbury. 

1 846. Cambridge . Rev. Prof. Sedgwick, M.A. Rev. J. O. Camming, A. C. Ramsay, 

F.R.S. , Rev. AV. Tliorp. 

1840. Southamp- Leonard Homer, F.R.S . 'Robert A. Austen, Dr. J. H. Norton, 

ton. , Prof. Oldham, l)r. C. T. Beke. 

1847. Oxford Very Eev.Dr.Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C, 

Ramsay, J. Raskin. 

1848. Swansea ... Sir H. T. De la Beche, F.R.S. S.Benson,Prof.01dham,Prof.Ramsay 

1849. Birmingham Sir Charles Lyell, F.R.S J. B. Jukes, Prof. Oldham, A. C. 

Ramsay. 

1850. Edinburgh' Sir Roderick I. Murchison, A. Keith Johnston, Hugh Miller, 

F.R.S. Prof. Nicol. 


1861. 

1852. 

1863. 

1864. 

185 . 5 , 
1850. 

1857. 

1858. 

1859. 

1800. 

1861. 

1862. 

1863. 

1864. 

186.5. 
1866. 

1867. 

1868. 


Ip&wich 

Belfast.. 


Hull 

Liverpool . . 

Glasgow ... 
Cheltenham 


Dublin 

Leeds 

Aberdeen,.. 

Oxford 

Manchester 

Cambridge 

Newcastle 

Bath * 

Binnif^ham 

Nottingham 

Dundee ... 
Norwich ... 


Lieut.- Col. Port lock, R.E., 
F.R.S. 

Prof. Sedgwick, F.R.S 


Sir R. 1. Murchison, F.R.S.. 
Prof. A. C, Ramsay, F.R.S.. 


SECTION C (cAintinued). — geolooy. 
,WilliamHopkins,M.A.,F.R.S.|C. J. F. Bunbury, G. W. Ormerod, 

Scarlcs Wood. 

James Bryce, James MacAdam, 
Prof. M‘Coy, Prof. Nicol. 

Prof. Harkness, William Lawton. 
Prof. Edwafd Forbes, F.R.S. John Cunningham, Prof. Harkness, 

G. W. Ormerod, J. W. AVoodall. 

.1. Bryce, Prof. Harkness, Prof. Nicol. 
Rev. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 

The Lord Talbot do Malahide Prof. Harkness, G. Sanders, R. H. 

Scott. 

William Hopkins, M. A., F.R.S. Prof. Nicol, H. C. Sorby, E. W.Sliaw. 
Sir Charles Lyell, LL.D., I’rof. Harkness, Rev. J. Longmuir 
D.C.L., F.R.S. H. C. Sorby. 

Rev. Prof. Sedgwick, F.R.S... Prof. Ilarkrress, E. Hull, J. AV. 

AVWial]. 

Profit Harkness, Edward Hull, T. 

Rupert Jones, G. W. Ormerod. 
Lucas Barrett, Prof. T, Rupert 
Jone.-?, II. C. »Sorby. 

E. F. Boyd, John Daglisli, H. C. 

Sorby, Thomas Sopwilh. 

W. B. Dawkins, J. Johnston, H. C. 
Sorby, AV. Peiigelly. 

Sir R. I. Murchison, Bart., Rev. P. B. Brodie, J. Jones, Rev. E. 

K.C.B. I Myers, H. C. Sorby, W. Pengelly. 

Prof. A. C. Ramsay, LL.D., R. Etheridge, AV. Pengelly, T. Wil- 
F.R.S. I son, G. H. Wright. 

Archibald Geikic, F.R.S ’E. Hull, W. Pengelly, H. Woodward. 

U. A. C. G odwin- Austen, ; Rev. O. Fisher, Rev. J; Gunn, W. 
F.R.S., F.G.S. ' Pengelly, Rev. H. H. Winwood. 


Sir R. I. Murchison, D.C.L., 
LL.D., F.R.S. 

J. Beete Jukes, M.A., F.R.S. 

Prof. Warington W. Smytli, 
F.R.S., F.G.S. 

Prof. J. Phillips, LL.D., 
F.R.S., F.G.S. 


' Geography was constituted a separate Section, sec page Ixv. 
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Date and Place Presidents Secretaries 


1869. Exeter Prof. 11. Harkness, F.11.S., W. Pcntrelly, W. Bo3»d Dawkins, 

F.G.S. Rev. H. H. AVinwood. 

1870. Liverpool... Sir Philip de M.GreyEgerton, W. Pengelly, Rev. H. H. Winwood, 

^ Bart., M.P., P.R.S. W. Boyd Dawkins, G. H. Morton. 

1 871 . Edinburgh Prof. A. Goikie, F.R.S., F.G.S. R. Etheridge, J. ueikie, T. McKenny 

' Hughes, L. C. Miall. 

1872. Brighton... R. A. C, God win- Austen, L. C. Miall, George Scott, William 

F.R.S., .F.G.S. Toplcy, Henry Woodward. 

1873. Bradford... Prof. J. Phillips, F.R.S L.C.Miall,R.H.Tiddeman,W.Toploy. 

1874. Belfast Prof. Hull, M.A., F.R.S., F. Drew, L. 0. Miall, R. G. Symes, 

F.G.S. R. H. Tiddeman. 

1 875. Bristol Dr.T. Wright, F.R.S.E., F.G.S. L. C. Miall,E. B. Tawncy, W.Topley. 

1876. Glasgow ... Prof. John Young, M.D J.Arrastrong,F.W.Rudler, W.Topley. 

1877. Plymouth... W. Pengelly, F.R.S., F.G.S. Dr. Le Neve Foster, R. H. Tidde- 

man, W. Topley. 

1878. Dublin John Evans, D.C.L., F.R.S., E. T. Hardman, Prof. J. O’Reilly, 

F.S.A., F.G.S. R. H. Tiddeman. 

1879. Sheffield ... Prof. P. M. Duncan, P.R.S. W. Topley, G. Blake Walker. 

1880. Swansea ... H. C. Sorby, F.R.S., F.G.S.... W. Topley, W. Whitaker. 

1881. York A. C. Ramsay, LL.D., F.R.S., J. E. Clark, W. Keeping, W. Topley, 

F. G.S. AY. Whitaker. 

1882. Southamp- R. Etheridge, F.R.S., F.G.S. T. W. Shore, W. Topley, E. West- 

ton. lake, W. AVhitakcr. 

1883. Southport Prof. W. C. Williamson, R. Betley, C. E. De Ranee, W. Top- 

LL.D., F.R.S. ley, W. Whitaker. 

1884. Montreal ... AY. T. Blanford, F.R.S,, See. F. Adams, Prof. B. W. Claypole, W. 

G. S. Toplcy, AY. AVhitaker. 

1886. Aberdeen ... Prof. J. AV. Judd, F.R.S., Sec. C. K. Do Ranee, J. Homo, J. J. H. 
G.S. Teall, W. Topley. 

1886. Birmingham Prof. T. G. Bonney, D.Sc., AV. ,J. Harrison, J. J. H. Teall, W. 

LL.D., F.R.S., F.G.S. T^ipley, W. W. Watts. 

1887. Manchester Henry Woodward, LL.D., J. E. Marr, J. J. H. Teall, W. Top- 

F.R.S., F.G.S. ley, W. AV. Watts. 

1888. Bath. Prof. AV. Boyd Dawkins, M. A., Prof. G. A. Lebour, W. Topley, W. 

F.R.S., F.G.S. 17 AV. Watts, H. B. AVoodward. 

1889. Newcastle- Prof. J. Geikic, LL.D., D.C.L,, Prof. G. A. Lebour, J. E. Marr, W. 

upon-Tyne F.R.S., F.G.S. AV. Watts, H. B. AVoodward. 

1890. Leeds Prof. A, H, Green, M.A„ J. E. Bedford, Dr. F. H. Hatch, J. 

F.R.S., F.G.S. E. Marr, W. AV. Watts. 

1891. Cardiff...... Prof. T. Rupert Jones, F.R.S., AV. Galloway, J. E. Marr, Clement 

F.G.S. Reid, AV. AV. Watts. 

1892. Edinburgh Prof. C. Lapworth, LL.D., H. M. Cadell, J. E. Marr, Clement 

F.R.S., F.G.S. Reid, W. W. Watts. 

1893. Nottingham J. J. H. Teall, M.A., r.R.S., J. W. Carr, J. E. Marr, Clement 

F.G.S. Reid, W. W. Watts. 

1894. Oxford L. Fletcher, M.A., F.R,S. ... F. A. Bather, A Harker, Clement 

Reid, W. AV. Watts. 

1896. Ipswich ... AV. AA^hitakcr, B.A., F.B.S. .:. F. A. Bather, G. W. Lamplugh, H. 

A. Miers, Clement Peid. 

1890. Liverpool... J. E. Marr, M.A., F.R.S J. Lomas, Prof. H. A. Miers, C. Reid. 

1897. Toronto ... Dr. G. M. Djxwson, C.M.G., Prof. A. 1?. Coleman, G. AV. Lamp- 

F.R.S. lugh, Prof. H. A. Mi^s. 

1898. Bristol W. H. Hudleston, F.R.S G. W. Lamplugh, Prof. H. A. Miers, 

H. Pentecost. 

1899. Dover Sir Arch. Geikic, F.R.S. J. W. Gregory, G. W. Lamplugh, 

Capt. McDakin, Prof. H. A. Miers. 

1900. Bradford... Prof. W. J. Sollas, F.R.S. H. L. Bowman,. Rev. W. Lower 

Carter, G. W. Lamplugh, H. AV. 
Monckton. 

1901. Glasgow ...I John Horn?, F.R.S. Bowman, H. AV, Monckton, 



Date and Place 


Presidents 


Secretaries 


BIOLOGICAL SCIENCES. 

COMMITTEE OF^SCIENCES, IV.— ZOOLOGY, BOTANY, rHYSldloGY, ANATOMY. 

*1832. Oxford Rev. P. B. Duncan, P.G.S. ...|Rev. I^of. J. S. Henslow. 

1833. Cambridge* Rev. W.L. P. Garnons, P.L.S.' C. C. Babington, D. Don. 

1834. fi&inburgh. Prof. Graham ..'W. Yarrell, Prof. Burnett. 


SECTION D. — ZOOLOGY AND BOTANY. 

1836. Dublin |Dr. Allman..... J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J, Curtis, Prof. Don, Dr. Riley, 8, 

j Rootsey. 

1837. Liverpool... W. S. MacLeay * jC. C. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle Sit W. Jardine, Bart J, E. Gray, Prof. Jones, R, Owen, 

I Dr. Richardson. 

1839. Birmingham Prof. Owen, P.R.S. ;B. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth... John Richardson, M.D.,F.R.S. J.Couch,Dr.Lankestor,E. Patterson. 

1842. Manchester.! Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A. 

bert, LL.D., F.L.S. 1 Turner. 

1843. Cork.. William Thompson, F.L.S. ... G. J. Allman, Dr. Lankester, IL 

Patterson, 

1844. York.. Very Rev. the Dean of Man- Prof. Allman, IT. Goodsir, Dr. King, 

Chester. ' Dr. Lankester. 

1846. Cambridge Rev. Prof. Henslow, F.L.S..,. Dr. Lankester, T. V. Wollaston, 

1846. Southamp- Sir J. RicLIurdson, M.D., .Dr. Lankester, T. V. Wollaston, H, 

ton. F,R.S, Wooldridge. 

1847. Oxford. H. E. Strickland, M.A., F.K.S. Dr. Lankester, Dr. Melville, T. V. 

Wollaston, 


SECTION D (^continued), — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section E of Anatomy and Medicine, see p. Ixiv.] 

1848. Swansea ... i L. W. Dillwyn, F.R.S j Dr. R. Wilbraham Falconer, A. Hen- 

I frey, Dr. Lankester. 

1849. Birmingham William Spence, F.R.S |Dr, Lankester, Dr. Russell. 

1860. Edinburgh Prof. Goodsir, F.R.S. L. & E. | Prof. 5. H. Bennett, M.D., Dr. Lan- 
kester, Dr. Douglas Maclagan. 

1851. Ipswich ... Rev. Prof. Henslow, M.A., , Prof. Allman, F.W. Johnston, Dr. E. 

F.R.S. I Lankester. 

1852. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr. 

■ Edwin Lankester. 

1863. Hull . C. C. Babington, M.A., F.R.S. Robert Harrison, Dr. B. Lankester. 

1864. Liver] Prof. Balfo&, M.D., F.R,S.... Isaac Byerley, Dr. E. Lankester. 

1866. Glas[^ Rev. Dr. Fleeming, F.R.S.E. William Keddie, Dr. Lankester. 

1866. Cheltenham Thomas Bell, F.B.S.,Pres.L.S. Dr, J. Abercrombie, Prof , Buckman, 

Dr. Lankester. 

1867. Dublin Prof. W. H. Harvey, M.D., I Prof. J.R.Kinalian, Dr. E. Lankester, 

P.R.S. i Robert Patterson, Dr. W.E. Steele. 

* At this Meeting Physiology and Anatomy were made a separate Committee, 
- Presidents and Secretaries of which see p. Ixiv^ 
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I),ate and Place * Presidents { Secretaries 



1858. Leeds (J. C. Babington, M.A., F.R.S. I Henry Denny, Dr. Heaton, Dr. E. 

I Lankester, Dr. E. Perceval Wright. 

1 859. Aberdeen. . . Sir W. Jardine, Bart „ F.B.S.E. i Prof. Dickie, M.D., Dr. E, Lankester, 

’ Dr. Ogilvy. 

1860. Oxford llev. Prof. Henslow, F.L.S.... iW. S. Ghuroli, D^. E. Lankester, P. 

‘ ' L. Sclater, Dr. E. Perceval Wright. 

1861. Manchester Prof. C. C. Babington, F.Il.S.iDr. Alcbck, Dr. E. Lankester, Dr, 

j P. L. Sclater, Dr. E. P. Wr'ght. 

1862. Cambridge Prof. Fuxley, F.B.S Allred Newton, Dr. E. P. Wright. 

1863. Newcastle Prof. Balfour, M.D., F.B.S.... Dr. E. Charlton, A. Newton, Roy. H, 

' B. Tristram, Dr. E. P. Wright. 


1864. Bath Dr. John E. Gray, F.B.S. ... H. B. Brady, C. B. Broom, H. T. 

Stainton, Dr. E. P. Wright. 

1866. B i r m ing- T. Thomson, M.D., F.K.S. ... i Dr. J. Anthony, Bev. C, Clarke, Kev. 
ham * i H. B. Tristram, Dr. E. P. Wright. 


SECTION D (continued ), — biology. 

1866. Nottingham . Prof. Huxley, F.B.S. — J)ejj. Dr. J. Reddard, W. Felkin, Rev. H. 

of P/tyKwL, Prof. Humphry, R. Tristj^am, W. Turner, E. B. 
F.B.S.- JDejj.of Aot.hi'opoh, Tylor, Dr. E. P. Wright. 

A. R. Wallace. 

1867. Dundee ... Prof. Sliarpey, M.D., Sec. ll.S. C. Syrence Baio, Dr. S. Cobbold, Dr. 

-Dvi), of Xool. and Jiot,^ M. Foster, PT. T, Stainton, Bov. 

Ccorgo Busk, F.B.S. II. B. Tristram, Prof. W. TiiriKU*. 

1868. Norwich ... Be v. M. J. Berkeley, F.L.S. Dr. T. S. (Jobbold, G. W. Firth, Dr. 

l)vp. of Plu/doUnfijy W. ^r. Foster, Prof. JiUwson, H. T . 
II, Flower, F.li.S.> Stainton, B.ov. Dr. H. B. Tristram, 

Dr. E. P. Wright. 

1869. Exeter ...... George RLi>k, F.B.S., F.Ij.S. Dr. T. S. Cohhold, Prof, .M. Foster, 

— Ihp, of Jiot. and Zttol., F. Bay Lankester, Prof. Jjawson, 
C. SjK ncc Bate, F.B.S. II. T. Stainton, Bev. II. B. Tris- 
JJrp'.of litUna.i E. I*. Tylor. tram. 

1870. Liverpool, ,. Prof.G. Bolle.stori, M.A., ]M.D., Dr. T. S. Cobbold, Sebastian Evans, 

F.B.S., F.L.S. — Jh’p, of \ JVof. Lawson, Thos. J. Moore, 11. 
Amit, rt//<r/^//y«V//..Prof.j\l. T. Stainton, Kev. H. B. Tristram, 

Foster, M.D., F.L.S. — Jh'i}, C, Staniland Wake, E. Bay Lan- 

I <y’ AY/f ////., J. Evans, F.B.S. kester. 

1871. Edinburgh . , Pro f. Allen Thomson, M.D., Dr. T. B. Fraser, Dr. Arthur Gamgee, 

' .F.B.S. — T)vp, of Hot, and E. Ray Lankester, Prof. Lawson, 

j Prof . Wy villeThomson, H. T. Stainton, C. Staniland Wake, 

YAXA^.— liep^ofAntliropoLy Dr. W. Rutherford, Dr. Kelburne 
I Prof. W. Turner, M.D. King. 

1872. Brighton ... Sir. I. Lubbock, Bart., F.R.S. — Prof . Thiselton-Dycr, II. T. Stainton, 

Dep, of Amvt, and J^kpsiol.^ Prof. Lawson, F. W. Rudlor, J. H. 

j Dr. Burdon Sanderson, J.amprey, Dr. Gamgee, E. Bay 

F.B.S. — JJf]}. if Anflmijwl., Lankester, Dr. Pyc<*Smitb. 

i Col. A. Lane Fox, F.G.S. | 

1873. Bradford ... i Prof. Allman, F.B.S. -Dojf, of Prof. Thisclton-Dyer,4Prof. Lawson, 

AmtMndPhydol,,Vv:ot.Vi\\~ B. MHjilchlaii, Dr. e-Smith, E. 
therfojd,M.D. — Bop.ofAn^ Bay Lankester, F. W. Budler, J. 
tkropoL^ Dr. Beddoe, F.R.S. H. Lamprey. 


The title of Section D was changed to Biology. 



Date and Place 


Presidents 


Secretaries 


1874. Belfast . 


1875. Bristol . 


1876. Glasgow 


1877. Plymouth... 


1878. Dublin . 


1879. Sheffield ... 


1880. Swansea ... 


1881. York 


1882. Southamp- 
ton. 


1883. Southport* 

1884. Montreal ... 

1886. Aberdeen... 

•j 

18§6. Birmingham 

/ 

1887. Manchester 


Prof. Redfern, M.D. — Dcp. //j W.T.Thiselton-DyerjR.O.Cunning- 
.^tf/, and JJot., Dr. Hooker, ! liam, Dr. J. J. Charles, Dr. P. H. 


Pyc- Smith, J. J. Murphy, F. W. 
Rudler. 


C.B.,Pres.ll.S.— (i/Aa 

throj).. Sir VV.R. Wilde, M.D. j 

P. L. Sclater, F.R.S. — J)ep.of\^. R. Alston, ifr. McKendrick, Prof. 
’ Anat, and PhyaioL, Prof.j W. 11. M‘Nab, Dr. Martyn, F. W. 
Cleland, F.R.S. — JJcp, qf\ Rudler, Dr. P. H. Pye-Smith, Dr. 
Aa/7A.,Prof.Rolleston,F.ll.S. W. Spencer. 

A. Russel Wallace, F.L.S. IF. R. Alston, Hyde Clarke, Dr. 
Dep. of ZooL and Bot,^\ Knox, Prof. W. R. M‘Nab, Dr. 
Prof. A. Newton, F.R.S. — , Muirhead, Prof. Morrison Wat- 
Bep. of Anat, and Phy8ioL, \ son. 

Dr. J. G. McKendrick. ’ 

J. Gwyn Jeffrey.^, F.R.S. -- E. R. Alston, F. Brent, Dr. D. J. 
Bep, of Anat, and PhydoLy'^^ Cunningham, Dr. C. A. Kingston, 
Prof. Macalister. — Bep. of. Prof. W. R. M‘Nab, J. 13. Rowe, 
.^l/i^7/r<y!;tfZ.,F.Galton,F.R.S.i F. AV. Rudler. 

Prof. W. II. Flower, F.R.S. — Dr. R. J. Harvey, Dr. T. Hayden, 
Bfjf^ of AntImpoLy Ihrof. Prof. W. R. M‘Nab, Prof. J. jM. 

Huxley, Sec. KS. -ZAyy. Purser, J. 13. Rowe, F. W. Rudler. 

of Anat. and PhyaioL, R. 

McDonnell, M.D., F.R.S. > 

Prof. St. George Mivart, Arthur Jackson, Prof. W. R. M‘Nab, 
-Bejt^ofAnthropoLyi J. B. Rowe, F. W. Rudler, Prof. 
F. B. Tylor, D.C.L., F.R.S. ; Schiifer. 

- Bop, of Anat, and Phy- , 
dol.y Dr. IVe-Sniitli. 

A.C. ii. Gunther, F.R.S.- .7>ry;. G. AV. Bloxani, John Priestley, 
of Anat. S' Physiol.^ ¥, M., Howard Saunders, Adam Sedg- 
ihilt'our, F.R.S. — Bep, of wick. 


I A nthropol..^, AV. Rudler. 

i H. Owen, F.R.h.— />£?/>. f//* A//- G. AV^ Rlo.vain, AV. A. Forbes, Rev. 
! /7/.r<>yy^V., Prof. AV.H. Flower, AV. C. Hey, Prof. AV. R. APNab, 

j F.R.S.- ~Drp. of Anat. and W. North, John Priestley, Tfoward 

Pliydol.y Prof. J. S. Bunion Saunders, H. F. Spencer. 


I Sanderson, F.1>S. 

Prof. A. Gaingeo. AI.l)., F.R.S. -G. AV. Bloxani, AV. Hcape, J. B. 

- Bop. of ZooL and ltot.f. Nias, Howard Saunders, A. Sedg- 
Prof. M. A. Lawson, F.L.S.* wick, T. AV. Shore, jun. 

— Bop, of Anthropol.y Prof. 

AV. Boyd Dawkins, F.R.S. i 

Prof. F. Ray Lankestcr, M.A., G. AV. Blo.xaiu, Dr. G. J. Haslam, 
F.R.S. — Bop. of Anihropol.f W. Heape, \V. Hurst, Prof. A. M. 

AV. Pcngelly, F.R.S. Alarshall, Howard Saunders, Dr. 

I ; G. A! Woods. 

Prof. H. N. Moselej", M.A., : Prof. W. Osier, Howard Saunders, A. 
i F.R.S. ‘ i Sedgwick, l*rof. R. R. AVright. 

I Prof. AV. C. MHntosh, M.D., iW. Hcape, J. McGregor-Roberbson, 
I LL.D., F.R.S., F.H.S.F. ! J. Duncan Mattliews, Howard 

Saunders, II. Mai’shall Ward. 

'AV^ Carruthers, Pres. L.S., .Prof. T. W. Bridge, AV. Heape, Prof. 

I F.R.S., F.G.S. W. Hillhousc, AV. L. Sclater, Prof. 

! . I 11. Marshall AVard. 

I Prof. A. Newton, M. A., F.11.S., ’ C. Bailey, F. E. Beddard, S. F. Har- 
F.L.S., AT.P.Z.S. nier, W. Heape, W. L. Sclater, 

Prof. H. Marshall Ward. 


* Anthropology was made a separate Section, see p. Ixxi. 
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Date and Place | Presidents ; Secretaries 


1888. Bath i W. T. Thiselton-Dyer, C.M.G., F. E. Beddard, S. F. Harmer, Prof. 

' F.K.S., F.L.S. ; H. Marshall Ward, W. Gardiner, 

' I*rof. W. D. Halliburton. 

1889. Ncwcjistle - Prof. J. S. Burdon Sanderson, ^ C. Bailey, F. E. Bcddard, S. F. Har- 

upon-Tyne M.A., M.D., F.II.S. ■ mer, Prof. T. (Jlivcr, Prof. H. Mar- 

i shall Wai’d. 

1890. Leeds Prof. A. Milnes Marshall, S. F. Hafmcr, Prof. W. A. Herdman, 

I M.A., M.D., D.Sc., F.E.S. S. J. Hickson, F. W. OVver,' H. 
I , Wa^er, H. Marshall Ward. 

1891. Cardiff ...... j Francis Darwin, M.A., M.B., F. E. Beddard, Prof. W. A. Herdman, 

F.R.S., F.L.S. Dr. S. J. Hickson, G. Murray, Prof. 

' W. N. Parker, H. Wager. 

1892. Edinburgh Prof. W. Rutherford, M.D., G. Brook, Prof. W. A. Herdman, G. 

F.R.S., F.R.S.K. i Murray, W. Stirling, H. Wager. 

1893. Nottingham’ Rev. Canon H. B. Tristram, !G. C. Bourne, J. B. Farmer, Prof. 

M.A., LL.D., F.R.S. | W. A. Herdman, S. J. Hickson, 

I W. B. Ransom, W. L. Sclater. 

1891. Oxford* ... Prof. 1. Bayley Balfour, M.A.,|W. W. Benham, Prof. J. B. Farmer, 
F.R.S. I Prof. W. A. Herdman, Prof. S. J. 

H icksoi 1 , G. Murray, W. L. Sclater. 

SECTION D {continued), — zoology. 

1896. Ipswich ... Prof. W. A. Herdman, F.R.S. |G. C. Bourne, H. Brown, W. E. 

Hoyle, W. L. Sclater. 

1896. Liverpool... Prof. E. B. Poulton, F.R.S. ...jH. O. Forbes, W. Garstang, W. E. 

; i Hoyle. 

1897. Toronto ... Prof. Jj. C, Miall, F.R.S 'W. Garstang, Vjf, E. Hoyle, Prof. 

' ‘ K. E. Prince. 

1898. Bristol Prof. W. F. R. Weldon, F.R.S. , Prof. K. Boyce, W. Garstang, Dr. 

A. J. Harrison, W. E. Hoyle. 

1899. Dover Adam Sedgwick, F.R.S W^parstaiig, J. Graham Kerr. 

1900. Bradford ... Dr. K. II. Truquair, F.B.S. ... W. Garstang, J. G. Kerr, T. H. 

Taylor, Swale Vincent. 

1001. Glasgow ... iProf. J. Cossar Ewart, F.R.S.IJ. G. Kerr, J. Rankin, J. Y. Simpson. 

ANATOAUCAL, AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, V. — ANATOMY AND PHYSIOLOGY. 

1833. Cambridge Dr. J. Haviland... Dr. If. J. H. Bond, Mr. G. E. Paget. 

1831. Edinburgh ■ Dr. Abercrombie Dr. Roget, Dr. William Thomson. 

SECTION E (until 1847). — ANATOMY AND MEDICINE. 

1835. Dublin I Dr. J. 0. Pritchard Dr. Harrison, Dr. Hart. 

1836. Bristol ; Dr. P. M. Roget, F.R.S Dr, Symonds. 

1837. Liverpool. Prof, W. Clark, M.D. Dr. J, Carson, jun., James Long, 

Dr. J. R. W. Vose. 

1838. Newcastle IT. E. Headlam, M.D T. M. Greenhow, Dr. J. R. W. Vose. 

1839. Birmingham! John Yelloly, M.D., F.R.S.... Dr. G. O. Rees, F. Ryland. 

1840. Glasgow ...I James Watson, M.D Dr.J.Byown, Prof. Couper, Prof. Reid. 

u 

SECTION E. — PHYSIOLOGY. 

1841. Plymouth... 'P. M. Roget, M.D., Sec. B.S. J. Butter, J, Fuge, ll S. Sargent. 

1842. Manchester 1 Edward Holme, M.D., F.L.S. Dr. Chaytor, Dr. R. S.' Sargent, 

1843. Cork : Sir James Pitcairn, M.D, ... Dr. John Popham, Dr. R. S. Sargent. 

1844. York i J. C. Pritchard, M.D. I. Erichsen, Dr. R. S. Sargent. 

1845. Cambridge Prof. J. Haviland, M.D. I Dr. R. S. Sargent, Dr. Webster. 

' Physiology was made a separate Section, see p. Isxii. 

• The title of Section D was changed to Zoolo^. 



Bate and Place j 


Presidents 


I 


Secretaries 


1846. Southamp- j Prof. Owen, M.D., F.B.S. ... ; C. F. Keelc, Dr. Laycock, Dr. Sar- 

ton. ' gent. 

1847. Oxford* ... ! Prof. Ogle, M.D., F.R.S T. K. Chambers, W. P. Ormcrod. 

PHYSIOLOGICAL SUBSECTIONS OP SECTION D. 


1860r E^nburgh Prof. Bennett, M.D., F.R.S.E. 

1865. Glasgow ... Prof. Allen Thomson, F.R.S. 

1857. Dublin...... Prof. R. Harrison, M.D 

1 858. Leeds Sir B. Brodie, Bart., F.R.S. 

1859. Aberdeen... Prof. Sharpey, M.D., Sec.R.S. 

1860. Oxford Prof.G.Rol]eston,M.D.,F.L.S. 

1861. Manchester Dr. John Davy, F.R.S. L.& E. 

1862. Cambridge G. E. Paget, M.D 

1863. Newcastle Prof. Rolleston, M.D., F.R.S. 

1864. Bath Dr. Edward Smith, F.R.S. 

1866. Birming- ProL Acland, M.D., LL.D., 

ham " F.R.S. 


I 

jProf. J. H. ^orbett. Dr. J. Struthers. 
I Dr. R. D. Lyons, Prof. Redfcrn. 

C. G. Wheelhouse. 

Prof. Bennett, Prof. Redfcrn. 

Dr. R. McDonnell, Dr. Edward Smith. 
Dr. W. Roberts, Dr. Edward Smith. 
G. F. Helm, Dr. Edward Smith. 

Dr. D. Embleton, Dr. W. Turner. 

J. S. Bartrum, Dr. W. Turner. 

IDr. A. Fleming, Dr. P. Heslop, 
Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

* 


[For Presidents and Secretaries for Geography previous to 1851, see Section C, 
p. Iviii.] 


ETHNOLOGICAL SUBSECTIONS OP SECTION D. 


1846.Southampton Dr. J. C. Pritchard ^ Dr. King. 

1847. Oxford Prof. H. H. Wilson, M.A, Prof. Buckley. 

1848. Swansea ... ^ G. Grant Francis. 

1849. Birmingham Dr. R. G. Latham. 

1860. Edinburgh Vice-Admiral Sir A. Malcolm Daniel Wilson. 


SECTION E. — GEOGRAPHY AND ETHNOLOGY. 

1861. Ipswich ... Sir R. I. Murchison, F.R.S,, U. Cull, Rev. J. W. Donaldson, Dr. 

Pres. R.G.S. Norton Shaw. 

1862. Belfast Col. Chesney, R.A., D.C.L., R. Cull, R. MacAdam, Dr, Norton 

F.R.S. Shaw. 

1863. Hull . R. G. Latham, M.D., F.R.S. R. Cull, Rev. 6. W. Kemp, Dr. 

Norton Shaw. 

!>1864, Liverpool... Sir R. I. Murchison, D.C.L., Richard* Cull, Rev. H. Higgins, Dr, 
F.R.S. Ihne, Dr. Norton Shaw. 

1866. Glasgow ... Sir J. Richardson, M.D., Dr. W. G. Blackie, R. Cull, Dr. 
F.R.S. Norton Shaw. 

1866. Cheltenham Col. Sir H. C. Rawlinson, R. Cull, F. D. Havtland, W. H. 

K.O.B. Rumsey, Dr. Norton Sha\y. 

1867, Dublin.....* Rev. Dr. J. Henthom Todd, R. Cull, S. Ferguson, Dr. R. R. 

/ Pres. R.I.A. Madden, Dr. Norton Shaw. 

Sir R.I. Murchison, G.C.St.S., R. Cull, F. Galt on, P. O’Callaghan, 
P.R.S. Dr. Norton Shaw, T. Wright! 


Sections D and E were incorporated under the name of ‘ Section D — Zoology 
and Botany, including Physiology ’ (see p- Ixi.). Section E, being then vacant, 
was assigned in 1861 to Geography, 
note on page Ixii, 
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Date and Place i Presidents Secretaries 

1850. Aberdeen... ! Rear - Admiral Sir James 1 Richard Cull, Prof . Geddes, Dr. Nor- 
Clerk Ross, D.C.L., F.R.S. ! ton Shaw. 

1860. Oxford Sir 11. I. Murchison, D.C.L., i Capt. Burrows, Dr. J. Hunt, Dr. 0. 

F.R.S. Lemprifere, Dr. Norton Shaw. 

1861. Manchester John Crawfurd, F.R.S jDr. J. Hunt, J'. Kingsley, Dr. Nor- 

I t ion Shaw, W. Spottiswoode. 

1 862. Cambridge i Francis Gallon, F.R.S ! J.W.Olarke, Rev. J . Glover, Dr. Hunt, 

I Dr. Norton Shaw, T. Wrfght. 

1863. Newcastle :Sir‘R. I. Murchison, K.C.B.,: C. Carter Blake, Hume Greenfield, 

, F.R.S. j C. R. Markham, R. S. Waisoh. 

1861. Bath iSir R. I. Murchison, K.C.B.,;H. W. Bates, C. R. Markham, Capt. 

F.R.S. R. M. Murchison, T. Wright. 

1865. Birmingham 'Major-General Sir H. Raw- H. W. Bates, S. Evans, G. Jabet, 

! linson, M.P., K.C.B., F.R.S. C. R. Markham, Thomas Wright. 

1866. Nottingham! Sir Charles Nicholson, Bart., H. W. Bates, Rev. E. T. Ciisins, R. 

j LL.D. H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

1867. Dundee ... j Sir Samuel Baker, F.R.G.S. U. W. Bates, Cyril Graham, C. R. 

Markham, S. J. Mackio, R. Sturrock . 

1868. Norwich ... iCapt. G. H. Richards, R.N., T. liaines, H. W. Bates, Clements R. 

F.R.S. i Markham, T. Wright. 

SECTION E {continued), — geography. 

1869. Exeter Sir Bartle Frore, K.C.B.,jH. W. Bates, Clements R. Markham, 

i LL.D., F.R.a.S. I J. H. Thomas. 

1870. Liverpool... j SirR.I.Murchison,Bt.,K.C.B.,| H.W.Bates, David Buxton, Albert J. 

I LL.D.,D.C.L.,F.R.S.,F.G.S.I Mott, Clements R. Markham. 

1871. Edinburgh j Colonel Yule, C.B., F.R.G.S. !A. Buchan, A. Keith Johnston, Cle- 

I mentsR. Markham, J. H. Thomas. 

1872. Brighton . Francis Galton, F.tl.S H. W. Bates, A. Keith Johnston, 

Rev. J. Newton, J. H. Thomas. 

1873. Bradford, Sir Rutherford Alcock,K.C.B. H. W. Bates, A. Keith Johnston, 

Clements R. Markham. 

1874. Belfast.... Major Wilson, R.E., F.R,S., E. G, Ravenstcin, K. C. Rye, J. H. 

F.R.G.S. j Thomas. 

1875. Bristol..., Lieut. - General Strachey,jHe W. Bales, E. C. Rye, F. F. 

R.E.. C.S.I., F.R.S.,F.R.G.S. Tackett. 

1876. Glasgow . Capt. Evans, G.B., F.R.S....... H. W. Bales, E. C. Rye, R. 0. Wood. 

1877. Plymouth.. Adm. SirE. Ommanney, C.B. H. W. Bates, F. E. Fox, E. C. Rye. 

1878. Dublin jProf. Sir C. Wyville Thom- John Coles, B. C. Rye. 

son, LL.D.,F.R.S.,F,R.S.E.! 

1879. Sheffield ...| Clements R. Markham, C.B., II. W. Bates, C. E. D. Black, E. C. 

P.R.Sr., See. R.G.S. i Rye. 

1880. Swansea ... ILient.-Gcn. Sir J. H. Lefroy, II. W. Bates, E. C. Rye. 

C.B., K.C.M.G., R.A., F.R.S. 

1881. York Sir J. D. Hooker, K.C.S.I., J. W. Barry, H. W. Bates. 

i C.B., F.R.S. 

1882. Southamp- i Sir R. Temple, Bart., G.C.S.I., E. G. Ravenstein, E. 0, Rye. \: 

ton. F.11.G.S. 

1883. Southport Licut.-Col. H. H. Godwin- John Coles, E. CL Ravenstein; E. C. 

Austen, F.R.S. Rye. 

1884. Montreal ...I Gen. Sir J. H. Lefroy, C.B., Rev.AbbfiLafiamme, J.S.O’Halloran, 

K.C.M.G., F.R.S., V.P.R.G.S. E. G. Ravenstein, J. F. Torrance. 

1885. Aberdeen... Gen. J. T. Walker, C.B., R.E., J. S. Keltic, J. S. O’Halloran, E. G. 

LL.D., F.R.S. Ravenstein, Rev. G. A. Smith. 

1886. Birmingham Maj.-Gen. Sir. P. J. Goldsmid, F. T. S. llotightori, J. S. Keltic. 

K.C.S.I., C.B., F.R.G.S. B. G. Ravenstein. 

1887. Manchester ; Col. Sir C. Warren, R.E.,|Rev. L. C. Casartelli, J. St Keltic, 

I G.C.M.G., F.R.S., F.R.G.S. I H. J. Mackinder, B. G. Ravejjst 



PRESIDENTS AND SEORETARTES OF THE SECTIONS 
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Date and Place j Presidents Secretaries 


1888. Bath | Col. Sir C. W. Wilson, ll.E., J. S. Keltic, H. J. Mackinder, E. G. 

I K.O.B., P.R.S., F.I1.G.S. Ravcnstcin. 

1880. Newcastle- Col. Sir F. de Winton, S. Keltic, 11. J. Mackinder, 11 . 
upon-Tynej K.C.M.G., C.B., F.R.G.S. Siilivan, A. Silva AVhite. 

1890. Leeds Acut.-Col. Sir R. Lambert A. Barker, John Coles, J. S. Keltic, 

! Playf.*ir,K.C.M.a.,F.R.G.S. A. Silva White. 

189K Cardiff jB. G. Ravensteiii, F.R.G.S., John Coles, J. S. Kcltie, 11. J. Mac- 

F.S.S. kinder, Silva White, Dr. Yeats. 

1892. Edinburgh I Prof. J. Oeikie, D.C.L., F.R.S., I J. G. Bartholomew, John Coles, J. S. 

] V.P.R.Scot.G.S. I Keltic, A. Silva White. 

1893. Nottingham H. Seebohin,Scc. R.S., F.L.S.,!Col. F. Bailey, John Coles, II. O. 

: F.Z.S. * Forbes, Dr. H. R. Mill. 

1804. Oxford ,Capt. W.J. L. Wharton, R.N., John Coles, AV. S. IhOgloish, II. N. 

i F.R.S. Uicksori, Dr. II. R. Mill. 

189 . 0 . Ipswich ...'H. j. Maekindoi*, M.A., John (.\)les, Jl. N. Dickson, Dr. H. 

! F.R.G.S. , R. Mill, W. A. Taylor. 

]S 9 t). Liverpool... i Major L. Darwin, Sec. R.G.S. Col. F. Bailey. II. N. Dickson, Dr. 

I ‘ H. R. JMill, E. C. DiiB. Phillips. 

1897. Toronto ... |j. Scott- Keltic, LL.D. jCol. F. Bailey, Capt. Dcville, Dr. 

i 1 H. R. Mill, J. B. TyiTell. 

1898. Bristol Col. G. Earl Church, F.R.G.S.;h. N. Dickson, Dr. II. R. Mill, H. C. 

'i Trapncll. 

1899. Dover Sir John Murray, F.R.S. iH. N. Dickson* Dr. H. O. Forbes, 

• I Dr. H. R. Mill. 

1900. Bradford ... Sir George S. Robertson, H, N. Dickson, E. Ileawood, E. R. 

1 K.C.S.I. I AVethey. 

1901. Gla.sgow ... j Dr. JH. R. Mill, F.R.G.S. jll. N. Dickson, B. Heawood, G. 

* ' Sandeman, A. C. Turner. 

STATISTICAL SCIEFTCE. 

f 

COMMITTEE OF SCIENCES, VI. — STATISTICS. 

1833. Cambridge I Prof. Babbage, F.R.S i J. E. Dririkwater. 

1834. Edinburgh 1 Sir Charles Lemon, Bart. i Dr. Cleland, C. Hope Maclean. 

SECTIOlfc F. — STATISTICS. 

1835. Dublin Charles Babbage, F.R.S jW. Greg, Prof. Longfield. 

1836. Bristol Sir Chas. Lemon, Bart., F.R.S.' Rev. J. E. Brornby, C. B. Fripii, 

James Hey wood. 

1837. Liverpool... Rt. Hon. Lord Sandon AV. R. Greg, W. Langton, Dr. W. C. 

I I’ayler, 

1838. Newcastle Colonel Sykes, F.R.S i W. Cargill, J. Heywood, AV.R. Wood. 

1839. Birmingliam Henry Hallam, F.R.S \b\ Clarke, R. AV. Rawson, Dr. AV. C. 

Taylor. 

1840. Glasgow ... Lord Sandon, M.P., F.R.S. C. R. l?aird, Prof. Ramsay, R.W. 

Rawson. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, R. 

W. Rawson. 

1842. Manchester jG. W. Wood, M.P., F.L.S. ...!Rcv. R. Luney, G. W. Ormerod, Dr. 

^ i ! AV. C. Tayler. 

1843. Cork 7. jSir C. Lemon, Bart., M.P. ...[Dr. D. Bullcn,Dr. AV. Cooke Tayler. 

184^. York y. Lieut.-Col. Sykes, F.R.S., J. Fleichor, J. Heywood, Dr. Lay- 

f F.L.S. cock. 

1845. Cambridge Rt.Hon. the Earl Fitzwilliam J. Fletcher, Dr. AV. Cooke Tayler. 

1846. Southamp- G. R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dr. W. 

ton. C. TajOer, Rev. T. L. Shapeott. 

1847. Oxford Travers Twiss, D.C.L., F.B.S. Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. ATivian, M.P., F.R.S. ... J. Fletcher, Capt. B. Shortrede. 

1^8^ Birmingham Rt. Hon. Lord Lyttelton Dr. Finch, Prof. HancoOk, F. P. G. 

Neison. 


a2 
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Date and Place | Presidents | Secretaries 

1850. Edinburgh |Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

I V.lMl.S.E. Stark. 

1851. Ipswich John P. Roileau, Bart. ... J. Fletcher, Prof. Hancock. 

1852. Belfast ^is Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

I Dublin. MacAdam, Jim. 

1853. Hull ; James Hey wood, M.P., F.R.S. Edward* Cheshire, W. Newmarch. 

1854. Liverpool... ; Thomas Tooke, F.R.S E. Cheshire, J. T. Danson, Dr.’\V. H. 

, , Duncan, W. Newmarch! 

.1855. Glasgow ... |R. Monckton Milnes, M.P. ... J. A. Campbell, E. Cheshire, W. New- 
i 1 march. Prof. R. H. Walsh.. 

SECTION F {continued ). — ECONOMIC SCIENCE AND STATISTICS. 

1856. Cheltenham Rt. lion. Lord Stanley, M.P. ’iRev. C. TT. Bromby, E. Cheshire, Dr. 

W. N. Hancock, \V. Newmarch, W. 
IVr. Tartt. 

1857. Dublin. His Grace the Archbishop of j Prof . Cairns, Dr. H. D. Hutton, W. 

Dublin, M.R.I.A. j Newmarch, 

1858. Leeds j Edward Baines :T. P>. Baines, Prof. Cairns, S. Brown, 

I . I Capt. Fishbourne, Dr. J. Strang. 

1859. Aberdeen... j Col. Sykes, M.P., F.R.S Prof. Cairns, Edmrnid Macrory, A. M, 

I I Smith, Dr. John Strang. 

1860. Oxford ! Nassau W. Senior, M. A i Edmund Macrory, W. Newmarch, 

! ; Prof. J. E. T. Rogers. 

1861. Manchester j William Newmarch, F.R.S.... : David Chadwick, Prof. R. C. Christie, 

! I E. Macrory, Prof. J. K. T. Rogers. 

1 862. Cambridge | Edwin Chadwick, C.B ; H. D. Maclcod, Edmund Macrory. 

1863. Newcastle .i William Tite, M.P., F.R.S. ...|T. Doublcday, Edmund Macrory, 

Frederick Purdy, James Potts. 

1 864. Bath W. Farr, M.D., D.C.L., F.R.S. E. Macrory, E, T. Payne, F, Purdy. 

1865. Birmingham Ut. Hon. Lord Stanley, LL,D., J. D. Goodman, G. J. Johnston, 

I M.P. I E. Macro^3^ 

1866. Nottingham; Prof. J. B. T. Rogers 1 R, Birkin, jun., Prof. Leone Levi, E. 

i j Macrory, 

1867. Dundee !m. E. Grant-DufT, M.P. I Prof. Leone Levi, E, Macrory, A. J. 

I . '* \ Warden. 

1868. Norwich .... i Samuel Brown | Rev. W. C. Davie, Prof, Leone Levi. 

1869. Exeter |Rt. Hon. Sir StailordH. North- E. Macrory, F. Purdy, ,C. T. D. 

; cote, Bart., C.B., M.P. Acland. 

1870. Liverpool... I Prof. W. Stanley Jevons, M.A. Chas. R. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

1871. Edinburgh . Rt. Hon. Lord Ncaves j J. G. Fitch, James Meikle. 

1872. Brighton ... I Prof. Henry Fawcett, M.P. ... J. G. Fitch, Barclay Phillips. 

1873. Bradford ... Rt. Hon. W. E. Forster, M.P. J. G. Fitch, Swire Smith. 

1874. Belfast Lord O^Hagan Prof. Donnell, F. P. Fellows, Hans 

MacMordie. 

1875. Bristol James Hey wood, M.A.,F,R.S., F. P. Fellows, T. G. P. Hallett, B. 

Pres. S.S. Macrory. 

1876. Glasgow ... Sir George Campbell, K.C.S.I., A, M‘Neel Caird, T. G. P. Hallett, Dr. . 

M.P. W. Neiison Hancock, Dr. W. Jack. 

1877. Plymouth... Rt. Hon. the Earl Fortescue W, F. Collier, P. Hallett, J. T, Pirn. 

1878. Dublin Prof. J. K. Ingram, LL.D. W. J. Hancock, Ci'Molloy, J. T, Pim. 

1879. Sheffield ... G. Shaw Lefevre, M.P., Pres. Prof. Adamson, K. E. Leader, C. 

S.S. Molloy. 

1880. Swansea .., G. W. Hastings, M.P N. A. Humphreys, 0. Molloy. 

1881. York Rt. Hon. M. E. Grant-Duff, C. Molloy, W. W. Morrell, J. F. 

M.A., F.R.S. I Moss. 

1882. Southamp- Rt. Hon. G. Sclater-Bootb, G. Baden- Powell, Prof. H. S. Fox- 

ton. M.P., F.R.S. well, A. Milnes, 0. Molloy. 

1883. Southport R. H. Inglis Palgrave, P.R.S, I Rev. W. Cunningham, Prof. H. S. 

I Foxwell, J. N, Keynes, C. v 



Date and Place 


Presidents 


Secretaries 


1884. Montreal ... I Sir Bichard Temple, Bart., ' Prof. H. S. Foxwell, J. S. McLennan, 

I G.C.S.I., C.T.B., F.11.G.S. j Prof. J. Watson. 

1885. Aberdeen... Prof. H. Sidgwick, LL.D.,|Kcv. W. Cunningham, Prof. H. S. 

1 Litt.D. j Foxwell, 0. M<jCombie, J. F. Mo.ss. 

1886. Birmingham, JfB. Martin, IM.A.., F.S.S. F. F. Barham, Bev. W. Cunningham, 

' Prof. H. S. Foxwell, J. F. Moss. 

1881% Manchester Robert Giffen, LL.D.,V.P.S.S.! Bev. W. Cunningham, F. Y. Edge- 

worth, T. II. Elliott, C. Hughes, 
J. E. C. IVhinro, G. H. Sargant. 

1888. Bath lit. Hon. Lord Bramwell, Prof. F. Y. Edgeworth, T. II. Elliott, 

i LL.D., F.11.S. ; 11. S. Foxwell, L. L. F. 11. Price. 

1889. Newcastle- IProf. K. Y. Edgeworth, M.A., Picv. Dr. Cunningham, T. H. Elliott, 

upon-Tyne| F.S.S, F. B. Jevons, L. L. F. 11. Price. 

1890. Leeds Prof. A. Marshall, M. A., F.S.S. W. A. Brigg, Kev. Dr. Cunningham, 

1 i T. II. Elliott, Prof. J. E. C. Miinro, 

' ' L. Xi. F. 11. Price. 

1891. Cardiff ;Prof. W. Cunningham, D.D., Prof. J. Brough, E. Cannan, Prof. 

I D;Sc., F.S.S. E. C. K. Gonner, H. LI. Smitli, 

; Prof. W. K. Sorley. 

1892. Edinburgh illon. Sir C. W. Fremantle. Prof. . I. Brough, J. K. Findlay, Prof. 

j K.C.B. E. C. K. Gonner, H. Higgs, 

! L. L. F. B. Price. 

1893. Nottingham ' Prof. J. S. Nicholson, D.Sc., Prof. E C. K. Conner, II. de B. 

I F.S.S. Gil>biDs, J. A. H. Green, H. Higgs, 

• L. L. F. K. Price. 

1894. Oxford Prof. C. F. Bastable, M.A., E. (hnnan, Prof. K, C. K. Gonner 

i F.S.S. W. A. S. llewins, H. Higgs. 

1895. Ipswich L. L. Price, M.A E. Cannan, Prof. E. C. K. Gonner, 

I 1^. Higgs. 

1896. Liverpool... ; lit. Hon. L. Courtney, M.P.... E. Cannan, Prof. E. C. K. Gonner, 

; f W. A. S. Hewins, H. Higgs. 

1897. Toronto ... ! Prof. E. C. K. Gonner, M.A. E.lVinnan, H. Higgs, Prof. A. Short, t. 

1898. Bristol | J, Bonar, M.A., LL.D. HT Cannan, Prof. A. W. Flux, H. 

j Higgs, W. E. Tanner. 

1899. Dover H. Higgs, LL.B Bowley, E. Cannan, Prof. A. 

I • W. Flux, Kev. G. Sarson. 

1900. Bradford ... ' Major P. G. Craigie, V.P.S.S. A. L. Bowley, E. Cannan, S. J. 

1 (Ti'ipman, F. Hooper. 

1901. Glasgow ... Sir 11. Gillen, K.C.B., F.R.S. W. W. Blackie,, A. L. Bowley, E. 

I Cannan, S. J. Chapman. 

SECTION G.— MECHANICAL SCIENCE. 

1836. Bristol j Davies Gilbert, D.C.L,, F,R.S. i T, G. Bunt, G. T. Clark, W. West. 

1837. Liverpool... ’Rev. Dr. ilobinson 'Charles Vignoles, Thomas Webster. 

1838. Newcastle ! Charles Babbage, F.11.S j K. Haw*tliorn,C. Vignoles, T. Webster. 

1839. Birmingham ‘Prof. Willis, F.R.S., and Robt. VV. Carpmacl, William Hawkes, T. 

j Stephenson. j Webster, 

1840. Glasgow ....jsir .John Ilobinson J. Scott Russell, J. Thomson, J. Tod, 

C. Vignoles. 

1841. Plymoutl# John Taylor, F.R.S i Henry Chatfield, Thomas Webster. 

1842. Manchesto Rev. Prof. Willis, F.R.S jj. F. Bateman, J. Scott Russell, J. 

/ I Thomson, Charles Vignoles. 

184.3. Cork Prof . J. Macneill, M.R.LA.... James Thomson, Robert Mallet. 

1844. York John Taylor, F.R.S Cl larles Vignoles, Thomas Webster. 

1846. Cambridge George Rennie, F.R.S Rev. W. T. Kingsley. 

1846. Soulh’mpt’n Rev. Prof. Willis, M.A., F.R.S. William Betts, jun., Charles Manby. 

1847. Oxford Rev. Prof .Walker, M.A., F.R.S. J. Glynn, R. A. LeMesurier. 

1848. Swansea ... Rev. Prof .Walker, M.A.,F.R.S. R. A. Lo Me.suricr, W. P. StruvA 

3 849. Birmingham , Robt. Stephenson, M.P.,F.R.S. Charles Manby, W. P. Marshall. 
3850. Edinburgh IRov. R. Robinson iDr. Lees, David Stephenson. 
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1851. Ipswich ... William Cubitt, F.R.S. John Head, Charles Manby. 

1852. Belfast John Walker, C.E., LL.D., John F. Bateman, C. B. Hancock, 

F.U.S. Charles Manby, James Thomson. 

1853. Hull William Fairbairri, F.ll.S. J. Oldham, J. Thomson, W. S. Ward. 

1854. Liverpool... Jolin Scott Uiissell, F.R.S. ... J. trrantham,J. Oldham, J. Thomson. 

1855. Glasgow ... W. J. M. Hankine, F.11.S. ... L. Hill, W. llamsay, J. Thomson. 

1856. Cheltenham George Rennie, F.R.S C. Atherton, B. Jones, H. M. Jeffery. 

1857. Dublin Ut. Hon. the Earl of Rosso, Prof. Downing, W.T. Doync,»V. Tate, 

K.B^ S. James Thomson, Henry Wright. 

1858. Leeds William Fairbairn, F.R.S. ... J. C. Dennis, J. Dixon, H. Wright. 

1851). Aberdeen... Rev. Prof. Willis, iM.A.,F.R.S. R. Abernethy, Le Neve Foster, H. 

Wright. 

1860. Oxford Prof.W. J.^Tacqp.ornllankine, P. Le Neve Foster, Rev. F. Harrison, 

J.L.D., F.R.S. Henry Wright. 


1861. Manchester |j. F. Bateman, C.E., F.R.S.... P. Le Neve Foster, John Robinson, 

H. Wright. 

1862. Cambridge, j William Fairbairn, F.R.S. W. M. Fawcett, P. Le Neve Foster. 

1863. Newcastle . Rev. Prof. AV'illis,M.A., F.R.S. P. Le Neve Foster, P. Wostmacott, 

J. F. Spencer. 

1864. Bath J. Hawkshaw, F.R.S jP. Le Neve Foster, Robert Pitt. 

1865. Birmingham ' Sir W. G. Armstrong, LL.D., P. Le Neve Foster, Henry Lea, 

F.R.S. W. P. Marshall, Walter May. 

1866. Nottingham . Thomas Hawksley, V.P. Inst. P. Le Neve Foster, J. F. Iselin, M. 

' O.E., F.O.S. O. Tarbotton. 

Prof.W. J. MacquornRankme,lP. Le Neve Foster, John P. Smith, 
LL.D., F.R.S. W. W. Urquhart. 

G. P. Bidder, C.E., F.R.G.S. : P. Le Neve lA^ster, J. F. Iselin, C. 

Manby, W. Smith. 

C. W. Siemens, F.R.S • P. Le Neve Foster, H. Bauerman. 

Chas.B.Vignolcs,C.E., F.R.S. II. Bauerman, P. LeNeve Foster, T. 

F'ing, J. N. Shoolbred, 

1871 . Edinbiirgli i Prof. Floomi ng Jenkin, F.R.S. H. Bauerman, A. Leslie, J. P. Smith. 

1872. Brighton ...IF. J. Brarnwcll, C.E 11. M. Brunei, P. Le Neve Foster, 

! : J. G. Gamble, J. N. Shoolbred. 

1873. Bradford ....W. H. Barlow, F.R.S. , C.Barlow,H. Bauerman. E.H.Carbutt, 

i ‘ J. C. Hawkshaw, J. N. Shoolbred. 

1874. Belfast Prof. James Thomson, LL.D., A. T. Atchison, J. N. Shoolbred, John 


C.E., F.R.S.E. Smyth, jun. 

1875. Bristol W. Fronde, C.E., M. A., F.R.S. W. R. Browne, H. M. Brunei, J. G. 

Gamble, J. N. Shoolbred. 

1876. Glasgow ...' C. W. Merrill eld, F.R.S 'W. Botlomlcy, jun., W. o. Millar, 

J. N. Shoolbred, J. P. Smith. 

1877. Plymouth... : Edward Woods, C.E A. T. Atchison, Dr. Merriticld, J. N. 

I : Shoolbred. 

1878. Dublin Edward EOston, C.E ^A. T. Atchison, R. G. Symes, H. T. 

; Wood. 


1867. Dundee j 

1868. Norwich ...j 

1860. Exeter ! 

1870. Liverpool...! 


1879. Shcflaeld .. . ! J. Robinson, Pres. Inst. Mech. A. T. Atchison, Emerson Bainbridge, 

Eng. . i H. T. Wood. 

1880. Swansea ... J. Abernethy, F.R.S.E A. T. Atchison, H. T. Wood. 

1881. York Sir W. G. Armstrong, C.B., A. T. Atchison, J. (F. Stephenson, 

LL.D., D.C.L., F.R.S. : H. T. Wood. 

1882. Southamp- John Fowler, C.E. , F.G.S. ...jA. T. Atchison, F (JOiurton, H. T. 

ton. I Wood. 

1883. Southport . i J. Brunlces, Prcs.Inst.C.E. i; A. T. Atchison, B. Rigg,H. T. Wood. 

1884. Montreal ... 'Sir F. J. Bramwell, F.R.S.,! A. T. Atchison, W. B. Dawson, J. 

I V.P.Inst.O.E. Kennedy, H. T. Wood. 

1885. Aberdeen... I B. Baker, M. Inst. C.E , A. T. Atchison, F. G. Ogilvie, B. 

Rigg, J. N. Shoolbred. 

1886. Birmingham * Sir J. N. Douglass, M.Inst. 0. W. Cooke, J. Kenward, W. B. 

I C.B. i Marshall, B. Bigg. 
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1887. 

1888. 
1880. 
1890 ^ 

1891. 

1892. 
1803. 

1894. 

1895. 
1800. 
1807. 
1898. 
1890. 
1900. 
1001. 


Manchester 
Bath 


Newcastle- 
upon-Tyne 
Leeds 

%• 

Cardiff 


Edinburgh 

Nottingham 

Oxford 

Ipswich ... 
Liverpool... 
Toronto ... 

Ihistol 

Dover 

Bradford ... 
Glasgow ... 


Prof. Osborne Reynolds, M. A., 
LL.D.; F.R.S. 

W. H. Preece, F.R S., 
M.Tnst.C.B. 

I V. Anderson, M.Inst.C.E. ... 

Capt. A.'’ Noble, C.B., F.B.S., 
F.R.A.S. 

T. Forster Brown, M.Inst.C.E. 

Prof. W. C. Unwin, F.R.S., 
M.Inst.C.E. 

Jeremiah Head, M.Inst.C.E.* 
F.C.S. 

Prof. A. B. W. Kennedy, 


I Prof. L. F. Vernon-Harcourt, 
M.A., M.Inst.C.E. 

Sir Douglas Fox, V.P.Inst.C.E. 

a. F. Deacon, M.Inst.C.E. 


Sir J. Wolfe-Barry, K.C.B., 
F.R.S. 

Sir W. White, K.C.B., F.R.S. 

Sir Alex. R. Binnie, M.Inst. 
C.E. 

K. E. Crompton, ]\l.Inst.C.K, 


C. F. Budenberg, W. B. Marsliall, 

B. Rigg. 

C. W. Cooke, W. B. Marshall, E. 

Riggf P- K* Stothert. 
iC. W. Cooke, W? B. Marshall, Hon. 

C. A. P.T,rsons, E. Rigg. 

E. K. Clark, C. W. Cooke, W. B. 

Marshall, E. Rigg. 

C. W. Cooke, Prof. A. C. Elliott, 
W. B. Marshall, E. Bigg. 

C. W. Cooke, W. B. Marshall, W. C. 

Popplewell, E. Rigg. 

C. W. Cooke, W. B. Marshall, E. 
Rigg, H. Talbot. 

Prof. T. Hudson Beare, C. W. Cooke, 
W. B. Marshall, Rev. F. J. Smith. 
Prof. T. Hudson Beare, C. W. Cooke, 
W. B. Marshal], P. G. M. Stpno}". 
Prof. T. Hudson Beare, C. W. Cooke, 
S. Dunkeilcy, W. B. Marshall. 

! Prof. T. Hudson Beare, Prof. Callcn- 
■ dar, W. A. Price. 
iProf. T. H. Beare. Prof. J. Munro, 
I H. W. Pearson, W. A. Pricie. 

I Prof. T. II. Beare, W. A. Price, H. 
i E. Stilgoe. 

• Prof. T. H. Beare, 0. F. Charnock, 
Prof. S. Dunk(;rley, W. A. Price. 
H. Bamford, W.E. Dalby, W. A. Price. 


SECTIO]^ H.— ANTHROPOLOGY. 

1884. Montreal ... j K. B. Tylor, D.C.L., F.R.S. ... j G. W. Bloxam, W. Hurst. 

1886. Aberdeen... Francis Gallon, M.A., F.R.S. iG. W. Bloxam, Dr. J. G. Garson, W* 
' Hurst, Dr. A. Maegregor. 

1886. Birmingham Sir G. Campbell, K.C.S.I., G. W. Bloxam, Dr. J. G. Garson, W. 

M.P., D.C.L., F.B.G.S. | Hurst, Dr. R. Saundby. 

1887. Manchester Prof. A, H. Sayce, M.A ;G. W. Bloxam, Dr. J. G. Garson, Dr. 

I i A. M. Paterson. 

1888. Bath ' Lieut.-General Pitt- Rivers, | G. W. Bloxam, Dr. J. G. Garson, J. 

, D.C.L., F.R.S. i Harris Stone. 

1889. Newcastle- Prof. Sir W. Turner, M.B., G. W. Bloxam, Dr. J. G. Garson, Dr. 

upon-Tync LL.D,, F.R.S. I R. Morison, br. R. llowdcn. 

1890. Leeds ’ Dr. J. Evans, Treas. R.S., G. W. Bloxam, Dr. C. M. Chadwick, 

i F.S.A., F.L.S., F.G.S. 1 Dr. G. Garson. 

1891. Cardiff i Prof. F. Max Muller, MA. ... G. W. Bloxam, Prof. R. Hqwden, H. 

Ling Roth, E. Seward. 

1892. Edinburgh i Prof. A. IMacalister, M.A., , 0. W. Bloxam, Dr. D. Hepburn, Prof. 

’ M.D., F.R.S. i R. Howden, H. Ling Roth. 

1893. Nottingliim Dr. R. Munro, M.A., F.R.S.E.|G. W. Bloxam, Rev. T. W. Davies, 

I ! Prof. R. Howden, F. B. Jevons, 

f \ I J. L. Myres. 

1894. OxforA ISir \V. H. Flower, K.C.B.;;H. Balfour, Dr. J. G. Garson, H. Ling 

j F.R.S. I Roth. 

1895. Ipswich ...'prof. W. M. Flinders Petrie,' J. L. Myres, Rev. J. J. Raven, H. 

1 D.C.Ii. 1 Ling Roth. 

1896. Liverpool... I Arthur J. Evans, F.S.A IProf. A. C. Haddon, J. L. Myres, 

' i Prof. A. M. Paterson. 

1897. Toronto ...jSir W. Turner, F.R.S 'A. F. Chamberlain, H. O. Forbes, 

• ^ Prof. A. C. Haddon, J. L. Myres. 



Ixxii 


RfitORT — 1901. 


Date and Place Presidents Secretaries 


1898. Bristol \e. W. Brabrook, C.B IH. Balfour, J. L. Myres, G. Parker. 

1899. Dover ; C. II. Read, F.S.A. H. Balfour, W. H. East, Prof. A. 0. 

I Haddon, J. L. Myres. 

1900. Bradford ...: Prof. John Rhys, M. A.. Rev. E. Armita^e, H. Balfour, W. 

Crooke, J. L. 'Ivlyres. 

1901. Glasgow ...iProf, D. J. Ounningham, W. Crooke, Prof. A. F. Dixon, J. F. 

! F.R.S. ^ Gernmill, J. L. Myres. 

SECTION I.— PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychology). 

1894. Oxford Prof. E. A. Schafer, F.R.S., Prof. F. Gotch, Dr. J. S. Haldane, 

M.R.C.S. : JM. S. Pembrey. 

1896. Liverpool...! Dr. W. H. Gaskell, F.R.S. Prof. R.Boyce, Prof. C.S. Sherrington. 

1897. Toronto ... Prof. Michael Foster, F.R.S. Prof. R. Boyce, Prof. C. S. Sherring- 

: ton, Dr. L. E. Shore. 

1899. Dover | J. N. Langley, F.R.S. ! Dr. Howdcn, Dr. L. E. Shore, Dr. E. 

I II. Starling. 

1901. Glasgow ... IProf. J. G. McKendrick jW. B. Brodie, W. A. Osborne, Prof. 

i I W. H. Thompson. 

SECTION K.— BOTANY. 

1895. Ipswich ... W. T. Thiselton-Dyer, F.R.S, A. C. Seward, Prof. F. E« Weiss. 

1896. Liverpool... Dr. D, H. Scott, F.R.S Prof. Harvey Gibson, A. C. Seward, 

Prof. F. E. Weiss. 

1897. Toronto ... Prof. Marshall Ward, F.R.S. Prof. J. B. Farmer, E. 0. Jeffrey, 

A. C. Seward, Prof. F. E. Weiss. 

1898. Bristol 1 Prof. F. O. Bower, F.R.S. A. C. Seward, H. Wager, J. W. White. 

1899. Dover ! Sir George King, F.R.S. G. i^owker, A. C. Seward, H. Wager. 

1900. Bradford . Prof. S. H. Vines, F.R.S A. C. Seward, H. Wager, W. West. 

1001. Glasgow , Prof. I. B. Balfour, F.R.S. ... G. F. Scott Elliot, D. T. Gwynne- 

Vaughan, A. C. Seward, H. Wager. 

SECTION L.— EDUCATIONAL SCIENCE. 

1901. Glasgow ...| Sir John E. Gorst, F.R.S. R. A. Gregory, W. M. Heller, R. Y. 

Howie, C. W. Eimmins, Prof. 
H. L. Withers. 


LIST OF EVENING DISCOUESES. 


Date and Place Lecturer Subject of Discourse 

1812. Manchester Charles Vignolcs, F.R.S The Principles and Construction of 

Atmospheric Railways. 

Sir M. 1. Brunei The Thames Tunnel. 

R. I. Murchison. The Geology of Russiau. 

1843. Cork , Prof. Owen, M.D., F.R.S The Dinornis of New ZUland. 

Prof. E. Forbes, F.R.S The Distribution of Animal Life in 

the iEgean Sea. 

Dr. Robinson The Earl of Rosse’s Telescope. 

1844. York . Charles Lyell, F.R.S Geology of North America. 

Dr. Falconer, F.R.S The Gigantic Tortoise of the Siwalik 

I Hills in India. 

1845. Cambridge /G.B. Airy, F.R.S., Astron.Eoyal Progress of Terrestrial 
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1846. Cambridge R. I. Murchison, P.R.S. Geology of Russia. 

1846. Southamp- Prof. Owen, M.D., F.U.S. B'ossilMammaliaof the British Isles. 

ton. Charles Lyell, F.R.S Valley and Delta of the Mississippi. 

W. R. Grove, F.R.S Properties of the ExplosiveSubstance 

f . discovered by Dr. Schonbein ; also 

some Researches of his own on the 
^ Decomposition of Water by Heat. 

1847. Qxford Rev. Prof. B. Powell, F.R.S. Shooting Stars. 

Prof. M. ITaraday, B\R.S Magnetic and Diamagnetic Pheno- 

mena. 


Hugh E. Strickland, IT.G.S... The Dodo (Didus infjjtus). 

1848. Swansea John Percy, M.D., F.R.S Metallurgical Operations of Swansea 

and its Neighbourhood. 

W. Carpenter, M.D., B\R.S... Recent Microscopical Discoveries. 

1849. Birmingham Dr. Faraday, BMl.S Mr. Gassiot’s Battery. 

Rev. Prof. Willis, M.A., ir.R.S. Transit of different Weights with 

varying Velocities on Railways. 

1860. Edinburgh Prof. J. H. Bennett, M.D.. Passage of the Blood through the 

F'.R.S.E. minute vessels of Animals in con- 

nection with Nutrition. 

Dr. Mantell, F.R.S Extinct Birds of New Zealand. 

1861. Ipswich Prof. R. Owen, M.D., If\R.S. Distinction between Plants and 

Animals, and their changes of 
E'orm. 

‘G.B.Airy,F.R.S.,Astron. Royal Total Solar Eclipse of July 28, 1851. 

1862. Belfast., Prof. G. G. Stokes, D.C.L., Recent Discoveries in the properties 

F.R.S. of Light. 

Colonel Portlook, R.E., F.R.S. Recent Discovery of Rock-salt at 

Carrickfergus, and geological and 
practical considerations connected 
with it. 

1863. Hull. Prof. J. Phillips, LL.D.,F.R.S., Some peculiar Phenomena in the 


B\G.S. Geology and Physical Geography 

of Yorkshire. 

Robert Hunt, F.ILS. The present state of Photography. 


1854. Liverpool... Prof. R. Owen, M.D., B\R.S. Anthropomorphous Apes. 

Col. E. Sabine, V.P.R.S Progress of Researches in Terrestrial 

Magnetism. 

1865. Glasgow Dr. W. B. Carpenter, B\R.S. Characters of Species. 

Lieut.-Col. H. Rawlinson .. A^ssyrian and Babylonian Antiquities 

and Ethnology. 

1866. Cheltenham Col. Sir H. Rawlinson . Recent Discoveries in Assyria and 


Babylonia, with the results of 
Cuneiform Research up to the 
present time. 

W. R. Grove, ir.R.S Correlation of Physical B'orces. 

1857. Dublin Prof. W. Thomson, ]r.R.S. ... The Atlantic Telegraph. 

Rev. Dr. Livingstone, D.C.L. Recent Discoveries in Africa. 

1868. Leeds Prof. J. Phillips, LL.D.,F.R.S, The Ironstones of Yorkshire. 


• Prof. R. Owen, M.D., If.R.S. The Ifossil Mammalia of Australia. 
1869. Aberdeen^. Sir R. I. Murchison, D.C.L... . Geology of tlie Northern Highlands. 

f Rev. Dr. Robinson, BMt.S. ... Electrical Discharges in highly 
^ rarclied Media. 

1860. Oxford Rev. Prof. Walker, F.R.S. ... Physical Constitution of the Sun. 

Captain Sherard Osborn, li.N. Arctic Discovery. 

1861. Manchester Prof.W. A. Miller, M.A.,B\R.S. Spectrum Analysis. 

G. B. Airy, F.R.S., Astron. The late Eclipse of the Sun. 

, „ Royal. 

1862. Cambridge iProf. Tyndall, LL.D., F.R.S. The Forms and Action of Water. 

I Prof. Odling, F.R.S. Organic Chemistry. 
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1863. Newcastle Prof. Williamson, F.R.S... 


1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1876. 
18J6. 

1877. 


James Glaisher, F.R.S... 

Bath Prof. Roscoc, F.R.S 

Dr. Livingstone. F.R.S. 
Birmingham J. Beete Jukes, F.R.S. ... 


Nottingham William Huggins, F.R.S 

Dundee. 


Dr. J. D. Hooker, F.R.S. ...... 

Archibald Gcikic, F.R.S.C,.... 


Alexander Hcrschel, F.R.A.S. 
J. Fergusson, F.R.S 


Dr. W. Odling, F.R.S 

Prof. J.rhillip.s, LL.D.,F.R.S. 
J. Norman J^ockycr, F.R.S. 


Norwich 

Exeter 

Liverpool .. . | Prof. J. T^mdall, LL.D., F.R.S. 

Prof .W. J. !Macquorn Rankinc, 
LL.D., F.R.S. 

F. A. Abel, F.R.S 


Edinburgh 

Brighton ... 

Bradford ... 
Belfast 

Bristol 

Glasgow ... 
Plymouth ... 


|E. B. Tylor, F.R.S 

Prof. P. Martin Duncan, M.B., 
F.R.S. 

Prof. W. K. Clifford 

Prof. W. 0. Williamson, F.R.S. 
I Prof. Clerk Maxwell, F.U.S. 

1 Sir John Lubbock, Bart.,M.P., 
F.R.S. 

i Prof. Huxley, F.R.S 


1878. Dublin 


1879. 

1880. 
1881. 


SheiTield , 

Swansea 

York.. 


W.Spotti.swoode,LL.D.,F.R.S. 

F. J. Brariiwell, F.R.S 

Prof. Tait, F.R.S.E 

Sir Wyville Thomson, F.R.S. 
W. Warington Smyth, M.A., 

F.R.S. 

i Prof. Odling, F.R.S 

G. J. Romanes, F.Jj.S 

I Prof. Dewar, F.R.S 

, j W. Crookes, F.R.S 

I Prof. E. Ray Lankester, F.R.S. 
Prof.W.Boyd Dawkins, F.R.S. 

Francis Galton, F.R.S 

Prof. Huxley, Sec. R.S 

I 

j W. Spottiswoodc, Pres. R.S.... 


The Chemistry of the Galvanic Bat- 
tery considered in relation to 
Dynamics. 

The Balloon Ascents made for the 
British Associvtion. 

Tlie Clicmjcal Action of Light. 
Rccciit Travels in Africa. 
Probabilities as to the positi m and 
extent of the Coal-measures be- 
neath the red rocks of the Mid- 
land Counties. 

The results of Spectrum Analysis 
applied to Heavenly Bodies. 
Insular Floras. 

The Geological Origin of the present 
Scenery of Scotland. 

Tlie pn^sent state of Knowledge re- 
garding Meteors and Meteorites. 
Archicology of tl^e early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuviiu 

The Physical Constitution of the 
Stars and Nebuloc. 

The Scientitic Use of the Imagina- 
tion. 

Stream-lines and Waves, in connec- 
tion with Naval Architecture, 
i Some Recent Investigations and Ap- 
plications of Explosive Agents, 
j Thi^ Relat ion of Primitive to Modern 
I Civilisation. 

Insect Metamorphosis, 

i 

I The Aims and Instruments of Scien- 
I tilic Thought. 

I Coal and Coal Plants, 
lilolecules. 

Common Wild Flowers considered 
I in relation to Insects. 

I The Hypothesis that Animals are 
I Automata, and its History. 

I The Colours of Polarised Light. 
Railway Safety Appliances. 

Force. 

The • Challenger ’ Expedition. 
Physical Pljenomena connected with 
the Mines of Cornwall and Devon. 
The New Element, Gallium. 

Animal Intelligence! 

Dissociation, or Modem IdeaS; of 
! Cliemical Action. 

I Radiant Matter. ® 
j Degeneration. 

. Primeval Man. 

Mental Imagery. 

The Rise and Progress of Palaeon- 
tology. 

i The Electric Discharge, its Forms 
I and its Functions. 



LIST OP EVENING DISCOURSES. 


Ixxv 


Date and Place Lecturer Subjeet of Discourse 

1882. Southamp- Prof. Sir Wra. Thomsen, F.R.S. Tides. 

ton. Prof. H. N. Moseley, F.B.S. Pelagic Life. 

1883. Southport Prof. R. S. Ball, F.Il.S Recent Researches on the Distance 

of the Sun. 

f rof. J. G. McKcndrick Galvanic and Animal Electricity. 

1884. Montreal.. Prof. O .T. Lodge, D.Sc Dust. 

Rev. W. 11. Daliinger, F.R.S. The Modern Microscope in Re- 
I searches on the Least and Lowest 
I Forms of Life. 

1883. Aberdeen... Prof. W. G. Adams, F.R.S. ...iTlie Electric Light and Atmospheric 

! Absorpti(jn. 

John Murray, F.R.S.E !Thc Great Ocean Basins. 

1880. Binningham A. W. Riicker, M.A., F.Il.S. | Soap Bubbles. 

Prof. \V. Rutherford, M.l). ...iThe Sense of Hearing. 

1887. Manchester Prof. H. B. Dixon, F.R.S. ... The Rate of E.vplosions in Gases. 

Col. Sir F. do Winton * Explorations in Central Africa. 

1888. Bath Prof. W. E. A 5 Tton, F.R.S |The Electrical Transmission of 

' Power. 

Prof. T. G. Bonney, D.Sc.,' The Foundation Stones of the Earth’s 
F.R.S. I Crust. 

1889. Newcastle- Prof. AV. C. Roberts-Austeii,! Tin; llurdening and Tempering of 

upon-Tync F.R.S. j Steel. 

Waller Gardiner, M.A j How Plants maintain themselves in 

the Struggle for Existence. 

1890. Leeds E. B. Poulton, M.A., F.R.S....! Mimicry. 

Prof. 0. Vemon Boys, F.R.S. Quartz Fibres and their Applications. 

1891. Cardifl: Prof.L. C. Miall,F.L.S,,F.G.S. Some Diirculties in the Life of 

Aquatic Insects. 

Prof.A.W.Ruckcr,M.A.,F.R.>S.j Electrical Stress. 

1892. Edinburgh Prof. A. AI. Marshall, F.R.S. | Pedigrees. 

Prof. J. A.Ew]iig,M.A., F.R.S.; Magnetic Induction. 

1893. Nottingham Prof. A. Smithclls. B.Sc. ' Flame. . 

Prof. Victor Horsley, F.R.S. j The Discovery of the Physiology of 
; the Nervous System. 

1894. Oxford.. J. W. Gregory, TkSc., F.G.S.j Experiences and Prosi^ects of 

' African Exploration. 

! Prof. J. Shield Nicholson, M.A. : Historical Progi'css and Ideal So- 
cialism. 

18J)5. Ipswich Prof. S. P. Thompson, F.R.S. j Magnetism in Rotation. 

I Prof. Percy F. Franklan<I, The Work of Pasteur and its various 
F.R.S. Development 5 ^. 

189(5. Liverpool. Dr. F. Elgar, F.R.S Safety in Ships. 

Prof. Flinders Petrie, D.C.L. • Man before VVriting. 

1897. Toronto ... Prof. Roberts Austen, F.R.S. I Cana djfs Metals. 

J. Milne, F.R.S...< 'Earthquakes and Volcanoes, » 

1898. Bristol Prof. W. J, Sol Las, F.R.S. ..'Funafuti: the Study of a Coral 

Island. 

Herbert Jackson = Phosphorescence. 

1899. Dover Prof. Charles Richet La vibration nerveuse. 

* Prof. J. Fleming, F.R.S The Centenary of the Electric 

/ Current. 

1900. Bradfoifll ... Prof. F. Gotch, F.R.S Animal Electricity. 

Prof. W. Stroud Range Finders. 

1901. Glasgow ... Prof. W. Ramsay, F.R.S The Inert Constituents of the 

Atmosphere. 

F. Darwin, F.R.S I The Movements of Plants; 
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liEPOBT— 1901 . 


LECTUEES TO THE OPEEATIVE CLASSES. 

1 

l< 


Date and Place 


Lecturer 


Subject of Discoureo ^ 


1867. Dundee.... Prof. J. Tyndall, LL.D.,F.R.S. 

1868. Norwich . Prof. Huxley, LL.D., 1MI.S. 

1869. Exeter .... Prof. Miller, M.D., F.RiS. ... 


1870. Liverpool... Sir John Lubbock, Dart., F.R.S. 

1872. Brighton ... VV’.Spottiswoodc,LL.D.,F.R.S. 

1873. Bradford ... C. W. Siemens, I).C.L.,F.R.S. 

1874. Belfast Prof. Odling, i\R.S 

1875. Bristol Dr. W. B. Carpenter, F.R.S. 

1876. Glasgow ... ; Commander Cameron, C.B.... 

1877. Plymouth... W. H. Preece. 

1870. Sheffield \V. E. Ayrton 

1880. Swansea H. Secbolim, F.Z.S 

1881. York Prof. Osborne Reynolds, 

F.R.S. 

1882. Southamp- John Evans, D.C.L.,Treas.R.S. 

ton. 

188,3. Southp ir Sir F, J. Brarnwell, F.R.S. ... 

1884. Montreal ... Prof. R. S. Ball, F.R.S 

1885. Aberdeen... II. B. Dixon, M.A 

1886. Birmingham Prof. W. C. Robert s-Austen, 

F R S 

1887. Manehester Prof. G. Forbes, F.U.S. 

1888. Bath Sir.! ohn Lubbock, Bart., F.R.S. 

1889. Newcastle- B. Baker, M.Inst.C.E 

upon-Tync | 

1800. Leeds Prof. J. Perry, D.Sc., F.R.S. 

1801. Cardiff Prof. S. P. Thompson, F.R.S. 

1892. Edinburgh Prof. C. Vernon Boys, F.R.S. 

1893. Nottingham ! Prof. Vivian B. Lewes. 

1894. Oxford |Prof. W. J. Sollas, F.R.S. 

1895. Ipswich ... | Dr. A. H. Fisoii . 

1896. Liverpool... Prof. J. A. Fleming, F.R.S..., 

1897. Toronto ... Dr. 11. 0. Forbes 

1898. Bristol Prof. E. B. Poulton, F.R.S. 


Matter and Force, 

A Piece of Chalk. 

The modes of detecting the Com- 
position of the Sun and other 
Heavenly Bodies by the Spectrum. 
Savages. 

Sunshine, Sea, and Sky. 

Fuel, 

The Discovery of Oxygen. 

A Piece of Limestone. 

A Journey through Africa. 
Telegraphy and the Telephone. 
Electricity as a Motive Power. 

The North-East Passage, 

Raindrops, Hailstones, and Snow- 


1900. 

1901. 


Bradford ...|Prof. S. P. Thompson, F.R.S. 
Glasgow H. J. Mackinder, M.A.. 


Unwritten History, and how to 
read it. 

Talking by Electricity — Telephones. 
Comets. 

'riie Nature of Explosions. 

Tlu9 Colours of Metals and their 
Alloys. 

I Electric Tagliting. 

I The Customs of Savage Races. 
iThc Forth Bridge. 

1 Spinning Tops. 

Electricity in Mining. 

Electric Spark Photographs. 
Spontaneous Combustion. 

Geologies and Deluges. 

Colour. 

The Earth a Great Magnet, 

New Guinea. 

The ways in which Animals Warn 
their enemies and Signal to their 
friends. 

Electricity in the Industries. 

The Movements of Men by Land 
and Sea. 



OFPICEES OP SECTIONAL COMMITTEES PEESENT AT 
THE GLASGOW MEETING. 

9 

SECTION A. — MATHEMATICAL AND PHYSICAL SCIENCE. 

^T^sident , — Major P.!a.. MacMahon, F.R.S., F.R.A.S. 

Vic^Presidcnis. — Prof. A. Gray, LL.D., F.R.S. ; Prof. A. G. Greenhill, 
F.R.S. ; E. H. Grifliths, M.A., F.R.S. ; Prof. W. Jack, LL.D. ; 
Lord Kelvin, F.R.S. ; Joseph Larmor, D.Sc., F.R.S. ; Prof. G. 
Mittag-LeflSer, For. Mem. R.S. ; Prof. G. Quincke, For. Mem. R.S. ; 
Prof. H. H, Turner, F.R.S. 

Secrekiries, — H. S. Carslaw, M.A., D.Sc. ; C. H. Lees, D.Sc. {Ttecorder) ; 
W, Stewart, M.A., D.Sc. ; Prof. L. R. Wilberforce, M.A. 

SECTION B.— CIIEMISTIIY. 

President, — Prof. Percy F. Frankland, F.R.S. 

Vice-Presidents, — Dr. E. Divers, F.R.S. ; Prof. J. Fergusson, LL.D., 
F.R.S.E. / Prof. W. H. Perkin, F.R.S. ; Prof. James Walker, P.R.S. ; 
Dr. T. F.. Thorpe, F.R.S. ; Dr. W. A. Tilden, F.R.S. ; Prof. A. 
Michael ; Prof. E. W. Morley. 

Secretaries, — Dr. W. C. Anderson, M.A. ; Dr. G. G. Henderson, M.A . ; 
Prof. W. J. Pope ; Dr. T. K. Rose {Recorder), 

SECTION C.— GEOLOCIY. 

f 

President.— Horne, r.E.S., P.R.S.E., F.G.S. 

Vice-Presidents, — Prof. Lapworth, I’.E.S. j Prof. A. F. Eenard, LL.D. ; 
B. N. Peach, F.R.S. ; Prof. W. J. Hollas, M.A., P.R.S. ; Prof. John 
Young, M.D. 

Secretaries, — Herbert L. Bowman, M.A. ; H. W. Monckton (^Recorder). 
SECTION D. — ZOOLOGY. 

President. — ^Prof. J. Cossar Ewart, M.D., F.R.S. 

Vice-Presidents. — Prof. T. W. Bridge ; Prof. W. A. Herdman, P.R.S. ; 
Prof. G. B. Howes, F.R.S. ; Prof. W. G M'Intosh, F.R.S. ; Prof. 
M. Laurie, D.Sc. j Prof. L. C. Miall, F.R.S. ; R. H. Traquair, 
LL.D., F.AS. ; Canon Tristram, F.R.S. * 

Secretaries, — J. Graham Kerr, M.A. {Recorder) ; James Rankin, M.B., 
B.Sc. J. Y. Simpson; D.Sc. 

f SECTION B. — GEOGEAPHT. 

President!— Dr, H. R. Mill, F.R.S.E., F.R.G.S. 

Vice-Preddents. — J. Scott Keltie, LL.D. ; H. J. Mackinder, M.A. ; E. G. 

Ravenstein ; Rev. Prof. George Adam Smith, D.D. 

Secretaries, — H. N. Dickson, B.Sc., F.R.S.E., F.R.G.S. {Recorder) ; 
Edward Heawood, M.A., F.R.G.S. ; G. Sandeman ; A. Cros% 
Turner. 
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REPOJIT — lUOl. 


SECTION F. — ECONOMIC SCIENCE AND STATISTICS. 

President. — Sir Robert Giffen, K.C.B., R.R.S. 

Vive- Presidents, — J. Bonar, LL.D. ; Rev. W. Cunningham, D.D., LL.D. ; 
Major P. G. Craigie, V.P.S.S. ; L. L. Price, M.A. \ Prof. W. Smart, 
LL.1). 

Secretaries. — W. W. Blackie, B.Sc. ; A. L. Bowley, M.A. ; E. Carman, 
LL.D. {Recorder) ; Prof. S. J. Chapman, M.A. 

SECTION G. — ENGINEERING. 

President. - Colonel R. E. Crompton, M. Jnst.C.E. 

Vice-Presidents, — Prof. Archibald Barr, D.Sc., M.Inst.C.E. \ Prof. T. 
Hudson Beare, F.R.S.E., M.Inst.C.E. : Sir Alexander R. Binnie, 
M.Inst.C.E., E.G.S. ; Robert Caird, LL.D. ; H. Graham Harris, 
M.Inst.C.E. 

Secretaries, — Harry Bamford, M.Sc. ; Prof. W. E. Dalby, M.A. ; W. A. 
Piice, M.A. {Recorder). 

SECTION IT. — ANTHROPOLOGY. 

President, — Prof. D. J. Cunningham, M.D., D.Sc., F.R.S. 

Vice-Presidents. — H. Balfour, M.A. ; Prof. J. Cleland, M.D., F.R.S. 
Secretaries. — W. Crooke ; J. F. Gemmill, M.A., M.D. ; Prof. A. F. 
Dixon, Sc.D. ; J. L. Myres, M.A., F.S.A. {Recorder)'. 

SECTION I, — PHYSIOLOGY. 

President. — Prof. J. G. M ‘Kendrick, M.D., LL.D., F.R.S. 

Vice-Presidents. — Prof. A. E. Schafer, F.R.S. ; Prof. C. S. Sherrington, 
M.D., F.R.S. ; Sir M. Foster, K.C. B:, M.P., Sec.R.S. ; Sir J. 
Burdon Sanderson, Bart., F.R.S. ; Prof. F. Gotch, F.R.S. 

Secretaries. — W. B. Brodie, M.B. ; W. A. Osborne, D.Sc. ; Prof. W. H. 
Thompson, M.D. {Recorder). 

SECTION K, — BOTANY. 

President. — Prof. T. Bayley Balfour, F.R.S. 

Vice-Presidents. — Prof. F. O. Bower, F.R.S. ; F. Darwin, F.R.S. ; Dr. 
D. H. Scott, F.R.>S. ; Prof. J. W. H. Trail, F.R.S. ; Prof. Marshall 
Ward,F.R.S. 

Secretaries. — A. C. Seward, F.R.S. (Recorder) ; Prof. G. F. Sebtt Elliot ; 
D. T. Gwy line- Vaughan ; Harold Wager. 

SECTION L. — EDUCATIONAL SCIENCE. 

President. — The Right Hon. Sir John E. Gorst, K.C., M.P., F.R.S. 
Vice-Presidents. — Prof. H. E. Arm.strong, F.R.S. ; Dr. J. H. Gladstone, 
F.R.S.; Prof. L. C. Miall, F.R.S.; Prof. John Perry, F.R.S. ; 
The Very Rev. Principal Story, D.D. ; Sir John Neilson Cuthb&rtson, 
LL.D., D.L. ; Sir Philip Magnus. 

Secretaries. — ^Prof. R. A. Gregory ; W. M. Heller, B.Sc. ; Robert Y. 
Howie, M.Ai ; Dr. C. W. Kimmins ; Prof. H. L. Withers, M.A. 
(Recorder). 






Ixxx 
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Dr. 

1900 - 1901 . 


THE GENERAL TREASURER’S ACCOUNT, 


RECEIPTS. 

Balance brought forward 

Life Compositions (including Transfers) 

New Ai nual Members’ Subscriptions 

Annual Subscriptions 

Sfile of Associates’ Tickets .' 

Sale of Ladies’ Tickets 

Sale of Publications 

Sale of Consols 

Dividend on Consols 

Dividend on India H per Cents 

Interest on Deposit at Bradford District Bank 

I’nexpcnded Balance of Grant returned by CoiLmittee on 
Electrolytic Quantitative Analysis 


£ 

s. 

rf. 

713 

6 

5 

267 

0 

0 

110 

0 

0 

557 

0 

0 

794 

0 

0 

481 

O' 

0 

147 

2 

5 

999 

8 

6 

190 

3 

2 

102 

12 

0 

37 

6 

11 

«> 

•> 

8 

4 


£920 17 9 


InvegtmmU. 

Consols 

India 3 per Cents 

£10,101 10 6 


£ <. d. 

6501 10 6 
3600 0 0 


Cabey Foster, Omeral Tretmirer. 



Or. 


rom July 2, 1900, to Juno 29, 1901. 


900-1901, EXPENDITURE. 

Expenses of Bradford Meeting, including Printing, Adver^ 


tising, Payment of Clerks, &c. ^ l.Jl 1 4 

Bent aiyt Office Expenses HO 7 S 


Salaries 510 o 0 

Printing, Binding, &c 1000 7 0 

Payment of Grants made at P> rad ford : • 

£ d. 

Eleotrical Standards 45 U 0 

Scismological Ob.sm-ations 75 0 0 

Wave-length Tiiblc.s 4 11 i) 

Isoniorphons Sulplmnic Derivativi's of Bcn/onn :i5 (i •• 

Lifc-'/oiios in Tlrit ish (larhomferous Kooks ‘JO 0 0 

Underground Water of Nortli-wt*.st York.sliiro 50 o o 

Exploration of Irish Caves 15 0 0 

'J’able at the Zoological Station, Naplo.s lUO 0 0 

Table at the Biological liaborator^’, Blynumth JO 0 0 

Index (Jcnerniii nt Spcciernm Animalimn 75 0 0 

Migration of Binls 10 0 0 

'J'errestrial Surface Waves 5 o 0 

Changes of Land-level in the IMilegrseaii Eields 50 0 (» 

Legislation regulating Women’s l..aboiir 15 0 0 

Small Screw Cange 15 0 0 

Keaistaucc of Uoiu I Ycl doles to Traction 75 0 U 

Silclieator Excavation JO 0 0 

Ethnological Survey of (Janada 0 0 

Aiithrupulogieal Teaching 5 0 0 

Exploration in Crete 145 0 d 

Physiological Eft'(!Ots of Po])tono 50 C 0 

Oheinistry of Bono Marrow 5 15 11 

Suprarenal Capsules in the Babbit 5 o u 

Fertilisation in Plueophycom 15 0 o 

Morphology, Ecology, ami 'Paxonomy of Podostcmacein ‘JO 0 0 

Corresponding Societies Committee J5 o u 


1)20 1 ) 1.1 


In hands of General Treasurer : 

At Bank of England, VVestern Brandi £357 5 8 

/.m Cheques not presented 211 11 4 

145 14 4 

On Deposit at Bradford District Bank 1532 3 1 

Cash i () 13 8 

1(;S4 11 7 


£4*403 17 1) 


I have exaifiined the above Account with the books and vouchers of the Associa- 
tion, and certify the same to be correct, 1 have also verified tlie balance at the 
Bankers’, and have ascertained that the Investments are registered in the names 
of the Trustees. ^ 


Approved — 

E. W. Brabbook, 
Hobaoe T. Bbown, 

190i; 


W. B» Kern, Chartered Accountant^ 
Avditors ^ Church Court, Old Jewry, E.O 


My 26, 1901. 
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Table shoioiug the Attendance tmd Receipts 


Dftte of Meeting 


1831, Sept. 27 

1832, .Inue 19 

1833, Juno 25 | 

1S3-J, Si;pt. 8 

1835, Allg. 10 

18.S0, Atiir. 22 

1837, Sopt. 11 

1S3S, Auf,'. 10 

1839, Ang. 28 

1810, Sepr. 17 

18-41, .Inly 20 

1842, Jniie 23 

1813, Aug. 17 1 

1844, Sept. 20 

1815, .luiie 19 ' 

18415, Sept. 10 ... 

1847, Juno 23 

1818, Aug. 9 1 

1849, Sept. 12 

1850, July 21 

1851, .lulV 2 

1852, Sept. 1 

1853, Sept. 3 

IvSol, Sept. 20 

1855, S»?pt. 12 

1850, Aug. 15 

1857, Aug. 2G 

1858, Sept. 22 1 

1859, Sopt. 1-4 1 

1800, June 27 .... 
18(51, Sept. 4 ... 
18(52, Oct. 1 ... 

18(53, Aug. 2(5 j 

1804, Sept. 13 

18(55, Sept. (5 
18(56, Aug. 2i 
1807, Sei>t. 4 

18(58, Aug. 19 1 

18(59, Aug. 18 1 

1870, Sept. 14 ; 

1871, Aug. 2 > 

1872, Aug. 14 

1873, Sept. 17 

1874, Aug. 19 1 

1875, Aug. 25 

1876, Sept. (5 

1877, Aug. 15 

1878, Aug. 14 

1879, Aug. 20 

1880, Aug. 25 

1881, Aug. 31 

1882, Aug. 23 

1883, Sopt. 19 1 

1884, Aug. 27 

1885, Sept. 9 

188(5, Sept. 1 

1887, Aug. 31 

1888, Sept. 5 1 

1889, Sept. 11 ! 

1890, SeF>t. 3 

1891, Aug. 19 

1892, ,\ug. 3 

1893, Sept. 13 i 

1894, Aug. 8 

1895, Sopt. 11 
189(5, Sept. 10 

1897, Aug. 18 

1898, Sept. 7 

1899, Sept. 13 

1 900, Sept. 5 

1901, Sept. 11 


Where held | 

._r 

York 

Oxfonl ! 

Cambridge 

Kdinbnrgli 

Dublin 

Uristolj 

Liverpool 

•N e\V(?ast le-oii-'l\\ no. . . 

Birmingliam 

(ilasgow 

riyiiinuth 

Manchester i 

Cork ! 

York j 

(Cambridge 

Southampton ; 

Oxford I 

Swansea 

Jlinuingliam 

Kdinburgh 

Tpswicli 

Belfast 

Ifull 

JJvcrpool 

( Ilasgow 

Clieltenliam 

Dublin 

Leeds /. 

Aberdeen 

Oxford 

Manchester 

Cambridge 

0 woiistle-ou-Ty ue . . . 

Batli 

Birmingham 

Nottingham 

Dundee 

Norwich 

Dxetor 

Liverpool 

Edinburgh 

Brighton 

Bradford 

Belfast 

Bristol 

(Ilasgow 

Plymouth 

Dublin 

Shemeld 

Swansea 

York 

Soutlianiptou 

Southport 

Montreal 

Aberdeen 

Birniingbum 

Manche.stcr 

Bath 

N ewt;astle-on-Tyne. . 

Leeds 

(Cardiff 

Kdinburgh 

Nottingliam 

Oxford 

Ipswich 

Liverpool 

Toronto 

Bristol 

Dover 

Bradford 

Glasgow 


Presidents 


The Karl Eitzwilllam, D.C.L.. F.B S. 

The Bev. W. Bnekland, E.U.S 1 

The Uev. A. Sedgwick, E.B.S 1 

Sir 1’. M. Bri.sbane, D.C.L., E.R.S. ... 
The llcv. Provost Lloyd, LL.D., IMLS. ; 

Tlie Marquis of Laustlowne, E.11.S 

The Karl of Burlington, E.31.S ' 
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Keport of the Connell for the Year 1900 -1901, prea^ided to the General 
Committee at Glasgow on ^Vednesdal|^ ^^eptember 11, 1901. 

In presenting their Annual Beport the Council have, in tlie lirst place, 
to inform the General Committee that they resolved that an Address 
should be presented to the King on his accession to the Throne, and that 
the following Address was presented by the President on behalf of the 
Council : — 


To THE KiX(;’s Most Excellent Ma.iestv. 

May it please Your Majesty, 

We, the President and Council of the British ^Vssoeiatiou for the 
Advancement of Science, most respectfully desire to bo perniitted to 
express to Your Majesty our deepest sympathy in the great loss which 
Your Majesty and the Empire have sustained by the death of Her 
Gracious Majesty Queen Victoria. 

The British Association will always bear in grateful remembrance 
the fact that your illustrious Eather, l£is Koyal Highness tho Princo 
Consort, to whose scientific knowledge and guidance the Nation owes so 
much, was pleased to accept the office of President for tho Meeting hold 
at Aberdeen in 1859. His Boyal Highness then, as in so many other 
ways, revealed his appreciation of the importances of the advancement of 
science which has exerted so ixnicficial an intiuciico throughout Her 
Majesty’s glorious reign. 

We confidently and fervently hope that the progress of science will 
continue during the reign of Your Majesty to promote the prosperity of 
your people throughout the Empire. 

We beg leave to be permitted to offer to Your Majesty tho humblo 
expression of our sincere congratulation and loyal homage and devotion 
on your succession to the throne of your Ancestofs. 

Signed on behalf of the Council, 

Wm. Tuuneu, President, 

To this Address the following gracious reply has been received 

Home Office, Wliitcball, 

g March 11, 1901. 

Sir, — I am commanded by the King to convey to you His thanks 
for the Loyal expressions of sympathy and devotion which have been 
addressed to him by. the President and Council of the British Associa- 
tion. 

His Majesty is further deeply gratified by the tribute paid to the 
memory and the influence of His Royal Highness the Prince Consort ; 
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lucroiiT — 1901 . 


and he fully shares in the hope that the advancement of science, which 
has been so great a glory of Her JMajesty’s reign, may be continued 
throughout His own. 

T am, 8ir, your obedient Servant, 

CiiAs. T. RiTcriiE. 

The President of fho llritisli Association for the Advancement 
of Science, lUirlingtoii House, W. 


The Council have heard witli much regret of the death of Dr. Ar-’rew 
Stewart, one of the Vice-Presideiits-elect for the Glasgow meeting, and 
the founder of the Adam Smith Chair in the University. 

The following reply from the India OlHce regarding the suggestion 
made by the Council, that opportunity should be taken to collect Ethno- 
graphical information by means of the Indian Census of 1901, has been 
received : * - 


India Oliice, Whitehall, London, S.W., 
December 11100. 

Sra, - With reference to your letter of December ISDD and ray reply No. K. andS. 
o.'jol), of the Kith January, 1000, 1 am directed to inform you that the Secretary of 
State for India in Council has now received the remarks of the Government of 
India on the suggestion of the Ihltish Association for tiic Advancement of Science, 
that opportunity should be taken to collect ethnographical information by means of 
the Indian Census of lUO 1 . 

2. The Government of India entirely agree with the Secretary of State’s recogni- 
tion of the importance of the investigations which the Association suggested, but 
find themselves constrained to say that it is impossible (except to the limited extent 
indicated in paragraph 4 of this Icdter) to make these investigations by means of, or 
in connection with, the Census. They consider that the addition to the Census 
Schedule of Columns relating to even a small nuirlbcr of ethnograjJiic facts would 
expand it to unwieldy dimensions ; the enumerating agency is wholly unfitted to 
conduct such an inquiry, and the facts recorded by it would be worthless ; and they 
apprehend that there would be grave risk, not only that the accuracy of the entries 
in the essential columns would be impaired by the additional burden imposed on 
the enumerators, but also that the unusual nature of the questions asked would give 
rise to rumours and excite ayiprcliensions which would seriously interfere with the 
ordinary operations of the Census. 

:J. The Government of India also deem it impracticable to carry out the sug- 
gestion that photographers should be placed at the disposal of the Census otticers, 
as this, besides being very expensive, would hinder the ofiicers’ proper duties, and 
would delay the submission of the reports, which it is desired to complete as soon 
as possible. 

•i. With the view, however, of taking action, as far as may be practicable, in the 
direction of collecting ethnographical information, the Census Commissioner has 
instructed the Census {Superintendents to endeavour, in the districts which they visit, 
to obtain, fiom the most trustworthy sources, particulars under uniform headings 
regarding the history, structure, traditions, and religious and social usages of the 
various tribes and castes. The Commissioner considers that nothing beyond this 
can be undertaken in (jonneclion with the Census operations, and tht' Government of 
India accept his opinion ; but they have considered the question hq^w far it is pos- 
sible and advisable apart from the Census to encourage and assist ethnographic in- 
vestigations in India, and have submitted a scheme by whicli it is hoped that in the 
course of a few years a fairly complete account of the ethnography of the larger 
provinces may be obtained. 

This scheme has received Lord George Hamilton’s approval. 

I am, Sir, your obedient Servant, 

* (Signed) A. GODiiBV. 

Sir Michael Foster, E.C.B., F.K.S., Burlington House, Piccadilly, W. 
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The Council have nominated Professor John Cleland, F.ll.S., Vice- 
President for the Meeting at Glasgow. 

The Council have elected the following men of science, who have 
attended Meetings of the Association, to be Corresponding Members : — 

Professor T. C. Chamberlin, Chicago. j Professor Philipp Leuarcl, Kiel. 

Dr. Yves Delage, Paris. ! Professor A. Penck, Vienna. 

Professor W. G. Farlow, Harvard. ! Gen. -Major Rykatchew, fcjt. Petersburg, 

•Yrqjessor A. P. N. Franchimorit, I..ciden. j 

The Council, having received an invitation to appoint Delegates to 
attend the Ninth Jubilee Celebrations of the University of Glasgow on 
June 12, 13, and 14, requested the President and the General Secretaries 
to represent the Association at the Celebrations, and to present the 
following Address to the University : — 

We, the President and Council of the British Association for the 
Advancement of Science, offer our cordial congratulations to the Univer- 
sity of Glasgow on the occasion of the celebration of the four hundred 
and fiftieth anniversary of the founding of the University. 

The British Association has since its birth in 1831 been brought from 
time to time into close relations with the University of Glasgow. Tt has 
on three occasions held highly successful meetings within your City, and 
is looking forward with pleasurable anticipation to a fourth meeting in 
the autumn of the present year. The success of these gatherings has 
been largely due to the earnest co-operation of the able men of science 
who have filled and adorned the Chairs in the Unix^ersity, three of whom 
at meetings in other Cities hax^e occupied the Presidential Chair of the 
Association itself. • 

In presenting our congratulations we would at the same time express 
the hope that the University may continue to prosper anil to extend in 
influence and usefulness. The efforts which you are making to add to 
the Professoriate, to obtain new Ifliildings and appliances for the continued 
development of your teaching and for the encouragement of research, 
show that you mean to retain a foremost place amidst the Universities of 
the United Kingdom. 

Signed on behalf of the Council, 

William Turner, President. 
i • 

The Council were invited to appoint Delegates to attend the British 
Congress on Tuberculosis, which was held on July 22-20, in London. 

The Council requested Lord Lister and Sir Michael Foster to represent 
the Association at the Congress. 

The follo\^ng resolutions referred to tho Council by the General 
Committee h|bve been considered and acted upon ; — 

(1) That ia connection with the Resolution relating to the admission of women 
to Committees, as well as on general grounds, the Council is requested to reconsider 
the present mode of electing members of Sectional Committees. 

The Council appointed a Committee, consisting of Sir F. J. Bramwell, 
Professor H. E. Armstrong, Mr. E. H. Grifliths, Mr. A. V. Harcourt 
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]\Ir. G. W. Lamplugh, Professor W. A. Tilden, and the General Officers, 
to report on this Resolution. 

In accordance with the recommendation of the Committee, the Council 
recommend that the present practice of electing members of Sectional 
Committees be continued subject to the following modification : — 

‘ That any Member of tlie Association who has intimated the inten- 
tion of attending a particular JMeeting of the Association, and Who has 
already served upon a Committee of a Section^ shall be eligible for 
election as a Member of the Committee of that Section at its . .first 
meeting.’ ^ 

(2) That the Council be requested to consider the appointment of a separate 
Section for education. 

The Council considered this proposal, and resolved that a Section of 
Educational Science be established, to be entitled Section L, but that the 
Section shall not necessarily meet each year. 

The following resolution, which was passed at the Conference of 
Delegates at Bradford, and accidentally not forwarded to the Committee 
of Recommendations, was brought before the Council and considered : — 

That the proposed Copyright Bill, so far as it allects the copyright of Scientific 
Societies in their transactions, and the publication of abstracts of Scientific papers, 
be referred to the General Committee ; and that tiiey be requested to take such 
Action as will protect Scientific Societies. 

The Council authorised the General Officers to co-operate with other 
Societies in regard to the question of copyright if a Bill is again brought 
before Parliament. 

The Report of the Corresponding Societies Committee for tlie past 
year, consisting of the list of the Corresponding Societies and the titles 
of the more important papers, and especially those referring to Local 
Scientific Investigations, published byrthose Societies during the year 
ending June 1, 1901, has been received. 

The Corresponding Societies Committee, consisting of Mr. Francis 
Galton, Mr. W. Wliitaker {Chairman), Dr. J. G. Garson, Sir J. Evans, Mr. 
J. Hopkinsoii, Professor R. Meldola, Professor T. G. Bonney, Mr. T. V. 
Holmes, Mr. Horace T. Brown, Rev. J. O. Bevan, Professor W. W. 
Watts, Rev. T. R. R. Stebbing, Air. C. H. Read, and Mr. F. W. Rudler, 
is hereby nominated for, reappointment by the General Committee. 

The Council nominate Mr. F. W. Rudler, Chairman, Mr. W. Whitaker, 
F.R.S., Vice-Chairman, and Dr. J. G. Garson and Mr. Alexander Somer- 
ville, Secretaries, to die Conference of Delegates of Corresponding Societies 
to be held during the Meeting at Glasgow. ^ 

The Council have received Reports from the General Treasurer during 
the past year, and his accounts from July 1, 1900, to Ju{:;Le 30, 1901, 
which have been audited, are presented to the General Committee. 

In accordance with the regulations the retiring Members of the 
Council will be : — 


Mr. Francis Darwin. 

Dr. W. II. Gaskcll. 

l^rofessor L. F. Vernon Uarcuurtj* 


Professor K. B. Boulton. 
Professor J. M. ThomsoDt 
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CosiMirrEES vVppointed bv the General Commitpee at 
Glasgow Meeting in Seitember 1901 . 

1 . Heceivinff Grants of Money. 

Members of the Committee 


Subject for luvestij^utioii or Purpose 


IMaking Experiments for improv- 
ing the Construction of Practiciil 
Standards for use in Electrical 
Measurements. 

[And balance In hand.] 


Seismological Observations. 


To co-operate with the Royal 
Meteorological Society in ini- 
tiating an Investigation of the | 
Upper Atmosphere by means | 
of Kites. 

I 

To co-operate with the Committee | 
of the Falmouth Observatory 
in their M agnetic Observations. 


(Itatrmnii . — Lord Rayleigh. 
Secretary. — iMr. U. T. Glazebrook. 
Lord Kelvin, Professors VV. E. 
Ax’rton. J. Peny, VV. G. Adams, 
Oliver J. Lodge, and G. 
Carey Foster r. Dr. A. Muirhead, 
Sir VV. 11. Preeee, Profes- 
sors J. D. Everett and A. ' 

1 Schuster, Dr. J. A. Fleming, 

Profes.'^or J. J. Thomson, Mr. 

I W. N. Shaw, Dr. J. T. Bot- ^ 
I tomlcy. Rev. T. C. Fitzpatrick, I 
Dr. G. Johnstone Stoney, Pro- 
I fessor S. P. Thompson, Mr.. J. i 

' Rennie, Mr. E. Jl. Gritlitlis, | 

Professors A. W. Riicker, H. li. , 
1 Callendar, and Sir \V. C. 

. Roberts- Am ten, and Mr. G. 

ISlatthey. 

Chairnum. — Prof. J. W. Judd. 
Secretary. — Professor J. Milne. 

! Lord Kelvin, Professor T. G. 

! Bonney, Mr. C. V. Boys, Pro- 
I lessor G. H. J')arwin, Mr. ' 

I Horace Darwin, Major L. Dar- 

I win, Profes-sor J. A. Ewing, 

j Dr. R. T. Glazebrook, Professor 

I C. G. Knott, Professor R. 

IMeldola, lilr. R. D. Oldham, 
Professor J. Perry, Mr. W. E. 
Plummer, Professor J. H. 

Poynting, Mr. Clement Reid, 
Mr. Nelson Richardson, and 
I Professor H. H. Turner. 

Cltairman. — Mr. W. N. Shaw. | 

Secretary, Mr. W. II. Dines. ' 

Mr. D. Archibald, Mr. C. V^r- j 
non Boys, Dr. A. Buchan, and j 
Dr. H. R. Mill. ' ! 

Chairman. — Sir W. H. Preeee. ^ 

Secretary. - Dr. R. T. Glazebrook. 
Professor VV. G. Adams, Captain ! 
Creak, Mr. W. Fox, Professor I 
A. Schuster, and Principal ' 
Riicker. l 


THE 



Grants 


£ «. d. 

40 0 0 


?5 0 0 


75 0 0 


80 0 0 



COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 
1. UecfiirAng Grants of Money — continued. 


Subject for Investigation or Purpose 


The relation between the Absorp- 
tion Spectra and^hemical Con- 
stitution of Organic Substances. 


Preparing a new Series of Wave- 
length Tables of the Spectra 
of the Elements. 


The action of Gases dissolved in 
Metals and Alloys on their 
Properties. 


The Collection, Preservation, and 
Systematic Regi.stration of 
Photographs of Geological In- 
terest. , 


To study Life-zones in the I>riti.sh 
Carboniferous Rocks. 


The movement of Underground 
Waters of North-west York- 
shire. 

[Balance in hand.] 


Members of the Committee 


I 

Chairman and Secretary. i 
fessor W. Noel Hartley. I 

Professor F. R. Japp, Professor J.J. : 
Dobbie, and Mr. Alexander 
Lauder. ‘ 

! Chairman. — Sir H. E. Roscoe. 

. Secrctanj. — Dr. Marshall Watts. 

. Sir J. N. Lockyer, Professors J. 

Dewar, G. D. Liveing, A. Schus- 
! ter, W. N. Hartley, and Wol- i 
cott Gibbs, and Sir W. de W. ; 
Abney. 

Chairman. Wm. C. Roberts- i 
Austen. i 

j Secretary. — Dr. T. K. Rose. 

I Mr. W. Carrick- Anderson, Pro- : 
I fessor H. B. Dixon, Mr. C. T. 
Hey cock, Mr. F. H. Neville, 
and Professor W, Ramsay. 

: Chairman, — Professor J. Geikie. 

Secretary. — Pro f essor W. W . Watts. 

I Professor T. G. Bonney,Dr.T. An- 
i derson, Professor 15. J. Gar- 
j wood, and Messrs. A. S. Reid, ! 
I W. Gray, H. B. Woodward, R. j 
Kidston, J. J. H. Teall, J. G. ‘ 
j Goodchild, H. Coates, C. V. ' 

• % Crook, G. Binglcy, and K. Welch. 


1 (liairman. — IMr. J. E. Marr. 

1 Secretary. — Dr. Whcclton Hind. 

' Mr. F. A. Bather, Mr. G. C. Crick, 
Mr. A. If. Foord, Mr. H. Fox, 
Professor E. J. Garwood, Dr. 
G. J. Hindc, Professor Percy F. 
Kendall, Mr. •Robert Kid- 
ston, ]Mr. G. W. Lamplngli, : 
Professor G. A. Lebour, ]\lr. j 
B. N. Peach, Mr. A. Stralian, 
and Dr. H. Woodward. 


Chairman. — ProfessorW.W. Watts. 
Secretary . — Captain A. R. Dwerry- 
housc. 

Professor A. Smithells, Rev. E. 
Jones, Mr. Walter Morrison, 
Mr. G. Bray, Mr. W. Lower 
Carter, Mr. W. Fairley, Pro- 
fessor P. F. Kendall, and Mr. 
J. E. Marr. 


xci 

Grants 

£ 8. d. 

20 0 0 

.3 0 0 I 

i 

1 

40 0 0 


6 0 0 


10 0 0 I 

I 

j 

1 
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xcii 


1. Beceivlng Grants of Monetj — continuecl. 


Subject for Investigation or Purjioso 


To explore Irish <!;avcs. i 

[Collections to be yiUiced in the I 
Science and Art Museum, Dub- 
lin.] 


To consider, the best Methods for | 
the Registration of all Type i 
Specimens of Fossils in tlie i 
i Rritish Isles, and to report on ; 
1. the same. I 

■; [Balance in hand.] \ 

To enable Mr. K. Gurney to ^York 
at Excretion in Crustacea, ^Ir. 
Wallace to investigate Vivi- 
parous Fishes, and to aid other 
competent investigator, to carry 
on definite jiieces of work at the 
Zoological Station at Naples. 

To enable Mr. R. C. Punnet t to | 
continue his investigations on 
* the pelvic plexus of Elasnio- 
j branch fishes, and to enable 
i other competent naturalists to 

! perform definite pieces of work 

at the Marine Laboratory, 
Plymouth. 

[Balance, Hi. os., in hand.] 

Compilation of an Index Generum 
et Spccicrum Animalium. | 


Members of the Committee 


C/tairmnn.---Vr. R. F. ScharfT. 
Secretary. — Mr. R. Lloyd Aaeger. 
Mr. G. Cotfey, Professor Grenville 
Cole, Dr. Cunningham, Mr. (J. 
W. Lamplugh, Mr. A. McHenry, j 
and !Mr U. J. Usshcr. ’ 

Chairman. — Dr. II. Woodward. 
SiTvetary. — Mr. A. Smith Wood- 
ward. 

Rev.G. F. Whidborne, IMr. R. Kid- , 
ston. Professor II. G. Seeley, Mr. : 
H. Woods, and Rev. J. F. Blake. 

Chairman . — Professor W. A. 
llcrdiiian. 

Secretary. — Professoj-G. B. Howes. 
Professor E. Ray Lankester, Pro- 
fessor W. F. R. Weldon, Pro- 
fessor S. J. Hickson, Mr. A. 
Sed.irwick, and Professor W. C. 
McIntosh. 

Chairman. — Mr. W. Garstang. 
Secretary. — ^Ir. W. Garstang. 
Professor E. Ray ].anke.ster, 
Professor Sydney H. Vinos, Mr. , 
A. Sedgwick, and Professor VV. i 
F. 11. Wcld^)n. I 

I 

i 

j 

Chair ma*\. — Dr. H. Woodward. ' 
Secret ary . — 31 r. F. A. Bather. 

Dr. P. ij. Sclater, Rev. T. R. R. 
St ebbing, 31 r, R. 3IcLachlan, 
and 3Ir. Sv. E. Hoyle. 


To work out the details of the 
Observation.s on the Migration 
of Birds at Lighthouses and 
Lightships, 1880-87. 


Chairman . — Professor A. Newton. 
Sf^crctary. — Rev. E. P. Knubley. 

31 r. John A. Jlarvie- Brown, Mr. 
R. 31. Barrington, Mr. A. H. 
Evans, and Dr. H. 0. Forbes. 


To inve.stigate the structure, for- 
mation, and growth of the Coral 
Reefs of the Indian Region, 
with special observations on the 
inter-relationship of the reef 
organi.sms, the dej^ths at. which 
they grow, the food of corals, 
effects of currents and character 
of the ocean bottom, &c. The 
land flora and fauna will be 
collected, and it is intended 
til at observations shall be made 
on the manners, &c., of the 
natives in the different parts 
of the Maldivc group. 


Chairman. — 3Ir. A. Sedgwick. 
Secretary. — J. Graham Kerr. 
Professor J. W. Judd, 3Ir. J. J. 
Lister, Mr. Francis Darwin, Dr. 
S. F. Harmer, Professors' A. 
Macalister, W. A. Herdman, t nd 
S. J. Hickson. 


Grants 


£ ji. il. 

45 0 0 


100 0 0 


100 0 0 


15 0 0 


50 0 0 



COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 


1. Reoeivifig Grants of Money — continued. 


ibject for Investigation or Purpose | 


enable Mr. James Rankin to in- , 
vcstigate Compound Ascidians 
of the Clyde ar^a., and to en- 
able other competent natural- 
ists to perform definite re- j 
sest**ches in the Laboratory of I 
the Marine Biological Asso- | 
elation of the West of Scotland ! 
at Millport. ■ 


Terrestrial Surface-waves and ; 
Wave-like Surfaces. 


1 

The Economic Effect of Legisla- , 
tion regulating Women’s Labour. 


To consider means by which bet tfr 
l)ractical effect can be given to | 
the Introduction of the Screw | 
Gauge proposed by the Associa- ! 
tion in 1884. j 


To investigate the resistance of 
Road Vehicles to Traction. 


To co-operate with the Silchester 
Excavation Fund Committee in 
their explorations. 


Members of the Committee 


Chairman . — Sir John Murray. 
Seeretary. — Dr. J. F. Gomn^ll. 
Professor F. O. Bovver, Professor 
Cossar Ewart, Professor W. A. 
Herd man, Professor M. Laurie, 
Mr. Alex. Somerville, and Mr. 
J. A. Todd. 


Clut/innam. —DT. Scott Keltic. 
Scerefary . — Colonel F. Bailey. 

Mr. Vaughan Cornish, Mr. A. R. 
Jlunt, and ]Mr. W. H. Wheeler. 


Chairman. — Mr. E. W. Brabrook. 

Sta'relary. — Mr. A. It. Bowie}'. 

Miss A. M. Anderson, Mr. C. Booth, 
]Mr. S. J. Chapman, Miss C. : 
E. Collet, Professor Edgeworth, j 
Professor Flux, IMrs. J. R. Mac- 
Donald, Mr. L. L. Price, Pro- ' 
fos.sor Smart, and Mrs. H. J. | 
Tennant. 1 


Chairman . — Sir W. H. Prcece. 

Secretary. — Mr. W. A. Price. 

Lord Kelvin, Sir F. J. Brain well, 
Sir II. Trueman Wood, IMaj.- 
Gcn. Webber, INlr. R. E. Cromp- 
ton, Mr. A. Stroll, Mr. A. Le 
Neve Foster, Mr. C. J. Hewitt, 
Mr. G. K. B. Elphiiistone, Col. 
Watkin, Mr. E. Rigg, Mr. Vernon 
Boys, Mr. J. Marshall Gorham, 
Mr, O. P. Clements, Mr. W. 
Taylor, and Dr. R. T. Glaze- 
brook, 


Chairman.— Sir Alexander Biimic. 
Secretary . — Professor H. S. Ilele 
Shaw. 

Mr. Aitken, Mr. T. C. Aveling, 
Professor T. Hudson Beare, 
Mr. W. W. Beaumont, Mr. J. 
Brown, Col. R. E. Crompton, Mr. 
A. Mallock, Sir D. Salomans, Mr. 
A. Sennett.Mr. Shrapnell Smith, 
and Mr J. I. Thornycroft. 

Cliairman, — Mr. A. J. Evans. 
Secretary, — Mr. John L. Myres. 
Mr. B. W. Brabrook. 


xciii 


Grants 


£ a. d. i 
25 0 0 1, 


15 0 0 


no 0 0 


20 0 0 j 


50 0 0 


0 0 
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1. jReafiivhiff Grants of Money — continued. 
Subject for Investigation or Purpose Members of the Committee 


j 

To organise an Ethnological Sur- j 
vey of Canadflv 


To conduct Explorations with the 
object of ascertaining the age of 
Stone Circles. 


The Collection. Preservation, and 
Systematic Registration of Pho- 
tographs of Anthropological j 
Interest. i 

[Balance in hand.] | 


ijhnirmnn . — Professor D. P. Pen-, 
hallow. I 

St'crrtanj. — Mr. C. Hill-Tlput. 

Mr. E. *W. Brabrook, Professor 
A. C. Had<lon, Mr. E. 8. Hart- 
land, Sir J. G. Bourinot, Mr. B. i 
Suite, jMr. David Boyle, Mr. i 
C. N. Bell, Professor B. B. j 
'Pylor, Professor J. Mavor, Mr. 
C. V. Hunter, and Dr. W. F. , 
Ganong. j 


Chairman. — Dr. J. G. G arson. i 

Secretary. — Mr. H. Balfour. 

Sir John Evans, Mr. C. H. Read, j 
I^rofessor Meldola, Mr. A. J. j 
Evans, Dr. R. Munro, Pro- | 
fessor Hoyd-Dawkins, and Mr. 
A. L. Lewis. 


Chairman.— C. H. Read. 
Secretary. — IMr. J. L. Myres. 

Dr. J. G. Garson, Mr. H. Ling Both, 
Mr. IT. Balfour, Mr. E. 8. Hart- 
land, and Professor Flinders 
Petrie. 


The Present State of Anthropo- 
logical Teaching in the United 
Kingdom and Elsewhere. 


To conduct Explorations at 
Knossos in Crete. 


To conduct Anthropometric In- j 
vestigations among the Native 1 
Troops of the Egyptian Army. 


Chairman. — Profos.sorE. B. Tylor. 1 
Sticretary. — Mr. H. Ling Roth. i 

Professor A. Macalister, Professor 
A. C. 'fladdon, Mr. C. H. Read, ■ 
Mr. H. Balfour, Mr. F. W. ; 
Rudlcr, Dr. R. Munro, and Pro- 
fessor Flinders Petrie. I 


Chairmam. — Sir John Evans. 
Secretary. — Mr. J. L. Myres. 
i Mr. A. J. Evans, Mr. D. G. Ho- ■ 
garth. Professor A. Macalister, 
and Professor W. Ridgeway. 


Chairman. — Professor A. Mac- 
alister. t 

Secretary. — Mr. C. S. Myers. 

Sir John Evans and Professor 
D. J. Cunningham. 


I 

To co-operate with the Carditf j Chairma.n. — Professor J. Rhys. 
Naturalists’ Society in its Ex- Secretary. — Mr. J. L. Myres. 
cavations on the Roman Site Mr. A. J. Evans and Mr, E. W. 
at Gelligaer. Brabrook. 


Grants 

£ s. d. 
15 0 0 


.30 0 0 


3 0 0 


100 0 0 


16 0 0 

i 

I . 

I 

i 5 0 0 
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XCV 


1. jRsoeiving OmnU of Money — continued. 


ubject for Investigation or Purpose | Members of the Committee [ Grants 

I £> 8 . ( 1 . 

'o study the power of the Mam- | Chairman. — Professor 4. G. ; 20 0 0 

malian Heart Cor performing? ! McKendrick. 
work under Viaryinj? extornsiL ; Seeretary. — Mr. T. Grigor Brodic. i 
conditions and under the in- i Professor W. 11. Thompson. ! 

liVience of Drugs. 

'he changes occurring inHscmo- 1 (Jhaimnan. — Professor J. G. ' l.“> 0 0 

globin and the supposed de- ■ McKendrick. 
struction of lied Corpuscles in . Secretary, — Mr. W. Brodie Brodie. 
the Spleen. ; Professor Ralph Stockman. 

Investigation of the Cyano- i Chairman, — Professor J. B. i 10 0 0 

ph3'CciL'. ; Farmer. j 

: Secretai'tj. — Dr. F. F. Blackman. 

Professor Marshall Ward and Mr. 

AV. Gardiner. 

Investigation on the Respiration ■ Chairman, — Professor Marshall lo 0 0 

of Plants. I Ward. 

■ Secretary, — Mr. H. Wager, 
i Mr. Franci.s Darwin and Professor 
J. B. Farmer. 

To consider and report upon the | Chairman. — Dr. H. E. Armstrong. 0 0 

inlliience exercised by Gniver- Sceretary,- ^Ir. W. H. D. Rouse, 
sities and Examining Bodies on The Bishop of Hereford, Sir 
secondary .school curricula, and Michael Foster, Sir P. Magnus, 

also of the schools on univor^^ty Principal Riickcr, Principal 

requirements. Lodge, Mr. H. W. Eve, Mr. 

W. A. Shenstone, Mr. Eggar, 

Professor jMarshall Ward, Mr. 

F. H. Neville, Airs. AV. N. Shaw, 

Professor II. L. AV’^ithers, and 
Dr. C. AA’^. Kiinmins. 

'J'he conditions of Health esscii- Chairman. — 2 0 0 

tial to the carrying on of the Secretary. — Mr. E. AAniite AA^allis. 
work of instruction in schools. Dr. C. AA^ Kinimins, Professor 

L. C. Mia 11, rrofessoi; H. L. 

, VV^ithers, .and Professor Sher- 

rington; and H^at the Council 
be authorised to appoint a 
I Chairman. 

Corresponding Societies Com- \ Chairman. — Mr. AA^. AA’’hitaker. 1 j 0 0 
mittee for the preparation of ' Secretary T)r. J. G. Garson. 
their Repcirt. | Mr. Francis Galton, Professor R. 

j Meldola, Mr. T. V. Holmes, Sir 
' John Evans, Mr. J. Hopkinson, 

‘ Professor T. G. Bomiey, Mr. 

Horace T. Brown, Rev. J. O. 

’ j Bevan, Professor AV. \\^. AVatts, 

Rev. T. R. R. Stebbing, Mr. C. 

1 II. Read, and Mr. F. W. Uudlcr. 
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2 . Not receiving Grants of Money. 


Subject for Investigation or Purpose 

Kadiation from a Source of Light in a 
Magnetic; Field.' 


To establish a Meteorological Ob- 
servatory on Mount Royal, Montreal. 


C’o-opcrating witli the Scottish Meteoro- 
logical Society in making Meteoro- 
logical Observations on Ben Nevis. 


Comparing and Reducing Magnetic Ob- 
servations. 


The Rate of Increase of Underground 
Temperature downwards in various 
Localities of Dry Land and under 
Water. 


Considering the best Methods of Re- 
cording the Direct Intensity of Solar 
Radiation. 


That Miss Hardcastle be requested to 
draw up a Report on the present 
state of the Theory of Point-Groups. 

The Nature of Alloys. 


Members of the Committee. 

I Chairman. — Professor A. Schuster. 

, Seci'ciary. — Mr. W. E. Thrift. 

I Professor O. J. Lodgs, Professor S. P, 
Thompson, Dr. Gerald Molloy, Dr. 

I W. E. Adcilfey, and Mr. B. P. Calvei^ • 
well. 

Chairman. — Professor H. L. Cal lender. 

Secretary. — Professor C. H. McLood. 

j Professor F. Adams and Mr. R. F. 

j Stupart. 

I Chairman. — Lord lilcLaren. 

I Stfcretary. — Professor Crum Brown. 

Sir John Murray, Dr. A. Buchan, and 
Professor R. Copeland. 

I 

; Chairmnn.-^Vvote^^or W. G. Adams. 

Secretary. — Dr. C. Chree. 

Lord Kelvin, Professor G. H. Darwin, 
Professor G. Clirystal, Professor A. 
Schuster, Captain E. W. Creak, the 
Astronomer Roj^al, Mr. William Ellis, 
and Professor A. W. Rilckor. 


Chairman. — Professor J. D. Everett. 

I Secretary. — Professor J. D. Everett, 
liortl Kelvin, Sir Archibald Geikic, Mr. 
James Glaisher, Professor Edward 
I H.*ll, Dr. C. Le Neve Foster, Professor 
I A. S. llerschel, Professor G. A. Lebour, 
i Mr. A. 13. Wynne, Mr. W. Galloway, 
I Mr. Joseph Dickinson, Mr. G. F. 

! Deacon, Mr. E. Wethered, Mr. A. 

j Strahan, Professor Michie Smith, Pro 
fessor H. L. Callendar, and Mr. B. 11. 
Brough. 

Cluiiiman. — Dr. G. Johnstone Stoney, 
Secretary . — Professor H. McLeod. 

Sir G. G. Stokes, Professor A. Schuster, 
Sir H. E. Roscoe, Captain Sir W. do 
W. Abney, Dr. C. Chree, Professor 
H. L. Callendar, Mr. YL E. Wilson, 
and Professor A. A. *RambauL 


Chairumn and Secretary. — Mr. F. M. 
Neville. 

Mr. C. T. Heycock and Mr. E. H. 
Griffiths. 



COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. XCvii 


2. Not receiving Orants of continued. 


Subject for Investigation or Purpose 

someric Naphthalene Derivatives. 

t 

The Study of Isoniorphous Sulphonic 
Ilprivatives of Benzene.' 


To collect Statistics concerning the 
trained chemists employed in Eng- 
lish Chemical Industries. 


To approach the Inland Revenue Gem- 
ini ssioiiers to urge the desirability 
of securing the use of pure alcohol 
duty free for the purposes of scien- 
tific research. 


To investigate the Erratic Blocks of the 
! British Isles, and to take measures , 
I for their prescryation. i 


To report upon the Present »Stalc of 
our Knowledge of the Structure of 
Crystals. 


, The Periodic Investigation of the ' 
Plankton and Physical Conditions of 
' the English Channel. 


I To continue the investigation of the 
j Zoology of the Sandwich Islands, 

I with power to co-operate with the 
Committee appointed for the purpose 
1 by the Royal Society, and to avail 
I themselves of such assistance in their 
j investigations as may bo ottered by • 
: the Hawaiign' Government of the . 

’ Trustees of the Museuni at Honolulu. : 

I The Committee to have power to dis- 
i pose of specimens where advisable, 
j • . 

j To promote th^p,Systematio Collection 
of Photographic and other Records ' 
of Pedigree Stock. 


Members of the Committee 


Chairniati. — Professor W. A. Tilden. 
Secretary. — Professor ‘'ll. E. Armstrong, ! 

Chairman. — Professor H. A. Miers. . j 
Secretary. — Professor H. E. Armstrong. ‘ 
Dr. W. P. IVynne and Mr. W. J. Pope. 

• j 

Chairman. — Professor W. H. Perkin. * 
Secretary. — Dr. G. G. Henderson. i 

Professor H. E. Armstrong and Mr. G. T. ■ 
Beilby. 1 

Chairman. — Sir H. E. Ro.scoe. 

Secretary. — Professor H. B. Dixon. j 

Sir iMicliael Foster, Principal Riicker, 
Dr. T. E. Thorpe, Professor \V. H. 
Perkin, and Professor NV. D. HtillL- 
burton. 

Chairman. — Mr. J. E. Marr. 1 

Secretary. — Prof. P. F. Kendall. ! 

Professor T. G. Bonney, ^Ir C. E. Do ! 
Jlauce, Professor W. Sollas, IMr. R. 1 1. | 
Tiddeman, Kcv. S. N. Harrison, l\Tr. 
John Horne, Mr. F. M. Burton, Mr. ; 
J. Lomas, Mr. A. R. Dwerryhousc, ! 
Mr. J. W. Stather, Mr. R. D. Tucker, ! 
and Mr. V. W. Haruier. I 

I 

Chairman. ■Vi'oicsisi.n' X. Story Maske- 
lyne. 

Secretary.- Vwies^or 11. A. Miers. 

Mr. L. Fletcher, Professor W. ,J. Sollas, 
Mr. W. Barlow. Mr. G. F. II. Smith, 
and the Earl of Berkeley. 

Chairman. — Professor E. Ray Lankestor. 
Secj'etary. — !Mr. Walter Garstang. 
Professor W. A. Hcrdman and Mr. 11. N. 
Dickson. • 

Chairman. — Professor A. Newton. 
Secretary. — Dr. David Sharp. 

Dr. W. ' T. Blanford, Professor S. J. 
Hickson, Dr. P. L. Sclater, Mr. F. 
Du Cane Godman, and Mr. Edgar 
A. Smith. 


Chairman, — Mr. Francis Galton. 
Secretary . — Professor W. F. R. Weldon. 
Professor J. C. Ewart, Professor J. A. 
Thomson, and Professor R. Wallace. 


1901 
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REPORT — 1901. 


2. Xot i'enivimj G rani 8 of Money — continued. 


Subject for Investigation or Purpose. 

To cxumiiie the Nut urn I History and 
Ellinograj)by the Malay I’eninsnla. 


The Lake Village at Glastonbury. | 


To org.'inisc a Pigmentation Survey of 
the school children of Scotland. 


The Physiological Effects of Peptone 
and its Precursors when introduced I 
into the circulation. 


The Micro-chemiitry of Cells. 


1 fertilisation in Phacophycea*. 


To consider and report upo!.v a schenic | 
for the rcgistratioTi of negatives of . 
Botanical PJiotogiaphs. 

I 

The Teaching of Natural Science in ^ 
Elementary Schools. | 

. i 


fo report upon improvements that 
might be effected in the teaching of 
Mathematics, in the first instance in 
the teaching of Elementary Mathe- 
matics, and upon such means as they 
think likely to effect such imi)rove- 
ments. 


Members of the Committee 

Chairman. — ^Mr. C. H. Read. 

Socrctary. — Mr. AV. Crooke. 

Professor A. Miic^alifiter, Professor W. 
Ridgeway, and Dr. If. O. Forbes. 

••• 

Cliainnan. — Dr. R. Miinro. 

Secretary.— Mr. Rulleid. 

Professor VV. Boyd Dawkins, feir John 
Evans, Mr. Arthur J. Evans, and Mr. 
C. H. Read. 

Chairman. — Mr. E. W. Braybrook. 
Secretary. --Mr. J. Gray. 

Dr.A.C. lladdon, Professor A. Macalister, 
Professor D. J. Cunningham, Mr. J. F. 
Tocher, and Dr. W. H. R. Rivers. 

Chairman . — Professor E. A. Schafer. 
Serrefary . — Professor \V. H. Thompson, 
i’rofessor R. Boyce and Professor C. S. 
Sherrington. 

Chairman —Professor E. A. Echiifer. 
Seerelary — ??rofessor A. B. Macalliim. 
Professor E. Ray Laftkestcr, Professor 
AV, D. JIalliburton, Mr. O. C. Bourne, 
and Professor J. J. Mackenzie. 

^ 7m Professor J. B. Fanner. 
Secretary . — Professor R. AV. Phillips. 
Profc.ssor F. O. Bower and. Professor 
Harvey Gibson. 

a 

Chairman Professor L. C. Miall. 

/SV'rw/rtyy.-— Professor F. E. Weiss. 

3rr. Fmneis Darwin and Profet^aor G. F. 
Scott Elliot 

Chairman, — Dr. J. II. Gladstone. 
Srerrtanj . — Professor H. E. Armstrong. 
Lord Avebury, Mr. George Gladstone, 
Professor AV. R. Dunstan, Sir Philip 
Magnus, Sir H. E. Roscoe, Dr. Sil- 
van us P. Thompson, and Professor A. 
Smithells. 

67mir7a^?i.— Professor A. R. Forsyth. 
Secretary , — Professor J. Verry. 
Principal A. W. Rucker, » Principal O. J 
Lodge, Major P. MacMahon, Professoi 
W. H. H. Hudson, Dr. J. Larmor, Pro 
lessor S. P Thompson, Professors G 
Chrystal, O. Hcnrici, A. Lodge, A. G 
Greenhill, G. M. Minchin, 'Mr. \A’. D 
Eggar, Mr. H. AA^. Eve, Dr. Glad 
stone, Professor G. Gibson, ProfeSso] 
Robert Russell, and Mr. R. A. Gregory 
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8i/nupsis of Grants of Money appropriated to Scientific Pmposes hy the 
General Committee at the Qktsyow Meetiny, September^ 1901. The 
Names of the Members entitled to call on the General IVeasurer 
for the respective Grants are prefixed. 


Mathematics and Physics. 

£ s. d. 

♦Hayleigh, Lord —Electrical Standards : 40 0.,., 0 

*Judd, Profc.ssor J. AV. — Seismological Observations 35' 0 0 

Shaw, Mr. W. X.* — Investigation of the Upper Atmosphere 

by means of Kites 75 0 0 

Preece, Sir W. H. — Magnetic Observations at Falmouth ... 80 0 0 


Chemistry. 

•^•Hartley, Professor W. N. — llelation between Absorption 

Spectra and Constitution of Organic Substances 20 0 0 

♦Roscoe, Sir II. E. — AVave- length Tables 5 0 0 

Rolierts-Austen, Sir AVni. C. — Properties of Metals and 

Alloys affected by dissolved Gases 40 0 0 

Geology. 

•^Geikie, Professor J. — Photographs of Geological Interest ... 5 0 0 

*AIarr, Air. J. E. — Life-zones in British Carboniferous Rocks 10 0 0 
^AVatts, Professor AA^. AV. — Uiidergrouml Water of North- 
west Yorkshire (Balance in hand) 

^Scharir, Ur.— Exploration of Irish Caves 45 0 0 

^AA'oodward, Ur. H. — Type Specimens (Balance in hand) 

Zoology. 

*Ilei'dman, Professor AV". A. — Table at the Zoological Station, 

Naples , 100 0 0 

■'•^jlarstaiig, Air. AV. — Table at the Biological Laboratory, 

Plymouth (Balance o**. Oc^. in hand) — 

^ AVoodward, Ur. II. — Index Generum ct Specierum Ani- 

malium 100 0 0 

Newton, Professor A. — Aligration of Birds 15 0 0 

'•'Sedgwick, Ain A. — Structure of Coral Reefs of Indian Region 50 0 0 

Murray, Sir John — Compound Ascidians of the Clyde Area 25 0 0 

Geography. 

♦Keltic, Ur. J. Scott — Terrestrial Surface Waves 15 0 0 

Economic Science and Statistics. i. 

♦Brabrook, E. AV. — Legislation regulating Wo^nen’s L^our 30 0 0 

t 

Engineering. 

♦Preece, Sir W. H. — Small Screw Gauge 20 0 0 

*Binnie, Sir A . — Resistance of Road Vehicles to Traction ... 50 0 0 

Carried forward £760 0 0 


Reappointed. 



SYNOPSIS OF GRANTS OF MONEY! ci 

£ 8, d. 

Brought forward 760 0 0 

Anthropology. 

♦Evans, Mr, A. J. — Silchester Excavation 5 0 0 

■*Peiihallo w, Professor D. P. — Ethnological Survey of Canada 15 0 0 

♦Garson, Dr. J. G.t— Ago of Stone Circles HO 0 0 

♦Head, Mr. C. H. — Photographs of Anthropological Interest 

••• (Balance in hand) ! — 

♦Tylor, Professor E. B. — Anthropological Teaching H 0 0 

♦Evans, Sir John — Exploration in Crete 100 0 0 

Macalister, Professor A. — Anthropometric Investigations on 

Native Egyptian Soldiers 15 0 0 

Rhys, Professor J. — Excavations on the Roman Site at 

Gelligaer 5 0 0 

Physttology. 

McKondrick, Professor J. G. — Work of Mammalian Heart 

under influence of Drugs 15 0 0 

McKendrick, Professor J. G. — Changes in Htemoglobin 20 0 0 

Botany. 

Farmer, Professor J. B. — Investigations of the Cyanophyccto 10 0 0 

Marshall Ward, Professor — The Respiration of Plants 15 0 0 

Educational ScicMce. 

Armstrong, Dr. H. E. — Recyn*ocal Influence of Universities 

and Schools 5 0 0 

Sherrington, Professor C. S.t — Conditions of Health essen- 
tial to carrying on work in Schools 2 0 0 

Correqyondiny Societies. 

*Whitaker, Mr. W. — Prepax’ation of Report 15 0 0 


£1,015 0 0 

* Reappointed. t Appointed by the Council. * 


The Anmial Meeting in 1902. 

The Annual Meeting of the Association in 1902 will be held at 
P»elfast, commencing on September 10. 

The Annual Meeting in 1903. 

The Annutii Meeting of the Association in 1903 will he held at 
, Southport. 
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General Statement of Sums which have been paid bn account of 
Grants for Scientific Purposes 


mi. 


X' s, tl. I 

Title Discussions A 20 _ 0 0 j 

! 

1835. i 

Tide Discus.sions 62 0 0 ' 


liritish Fossil Ichthyology ... 105 0 0 

‘ XI 67 O 0 


1836. I 

Tide Discussion.^ 16.3 0 0 i 

British Fossil Ichthyology ... 10.5 0 0 I 

Thermomelric Observations, 

&c TiO 0 0 

Experiments on Long-con- 
tinued Heat 17 1 0 . 

Rain-g.auges 0 13 0 . 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 ; 

Thermometers _ 15 6 0 ; 

.li35 'O O ! 


1837. ! 

Tide Discussions 281 1 0 1 

Chemical Constants 24 13 6 j 

Lunar Nutation 70 0 0 

Observat ions on Waves JOO 12 ol 

Tides at Bristol 150 0 0 1 

Meteorohjgy and Subterr?.* 

nean Temperature 03 3 0 

Vitritication Experiments ... 150 0 0 j 

Heart Experiments 8 4 6 

Barometric Observations ,30 0 (1 ; 

Barometers 11 18 6 j 

ii)22'l 2 " 6 . 


18.38. I 

Tide Discussions : 20 0 0 • 

British Fossil Fi.shes 100 0 0 I 

Meteorological Ob.scrvatic,ns i 

and Anemometer (construe- | 

lion) .; 100 0 0 

Cast Iron (Strength of) 60 0 0 j 

Animal and Vegetable Sub- | 

stances (Preservation of) ... 19 1 10 i 

Railway Constants 41 12 10 i 

Bristol Tides .50 0 0 | 

Growth of Plants 75 0 0 ; 

Mud in Rivers .3 6 6 ; 

Education Committee 60 0 0 j 

Heart Experiments 6 3 0 | 

Land and Sea Level 267 8 7 

Steam- vessels 100 0 0 


Meteorological Coiumittce ... 31 9 5 | 

£932 22 


1839. 

£ s. d. 

Fossil Ichthyology 110 0 0 

]R eteorological Observat ions 

‘ at Plymouth, Ax 6.3 10 0 

Mechanism qf Waves 144 2 ^ jO 

Bristol Tides 35. 18 ***6 

Metcorologj’^ and Subterra- 
nean Temperature 21 11 0 

Vitrification Experiments ... -9 4 0 

Cast-iron Experiments 103 0 7 

Railway Constants 28 7 0 

Land and Sea Level 274 1 2 

Stcara-vessels* Engines 100 0 4 

Stars in Tlistoire Celeste 171 18 0 

Stars in Lacaille 11 0 6 

Stars in R.A.S. Catalogue ... 166 16 0 

Animal Secretions 10 10 6 

Steam Engines in Cornwall... .50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

llcat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Ob- 
.sorvat ions, Inverness and 

Kingussie 49 7 8 

Fos.sil Reptiles ...; 1X8 2 9 

Mining Statislics 50 0 0 


£1595 11 0 


1840. 

Bristol Tides 100 0 

Subterranean Temperature ... 1.3 13 

Heart Experiments 18 19 

Lungs Experiments 8 13 

Tide Discussions 50 0 

Land and Sea Level 6 11 

Stars (Histoirc Celeste) 242 10 

Stars (Lacaille) 4 15 

Stars (Catalogue) 264 0 

Atmospheric Air 15 16 

Water on Iron 10 0 

Heat on Organic Bodies 7 0 

Meteorological Observations . 62 17 

Foreign Scientific Memoirs... 112 X 

Working Population ...Jt 100 0 

School Statistics ^ 60 0 

Forms of Vessels 184 7 

Chemical and Electrical Phe- 
nomena 40 0 

Meteorological Observ'^ations 

at Plymouth 80 0 

Magnetical Observations 185 13 


£1646 16 



GENERAL STATEMENT. ciii 


I8i\. i 

£ g, fl. I 

Observation*; on Waves 510 0 0 : 

"]\Iotcorology and Snbterra- * 

noan Temporature 8 8 0- 

Actinometern 10 0 0 

Earthquake Shocks 17 7 0 ! 

Acrid Poisons r> 0 0 

Veins and Absorberfi.8 5» 0 

^lud in Rivers Ti o 0 ; 

?^Jklri no Zoology f... 15 12 S' 

Skeleton Maps 20 0 0 . 

Mountain Barometers G 18 6 

Stars (Ilistoire Celeste) 185 0 0 

Stars (liacaillc) 79 5 0 

Stars (Nomenclaturo of) 17 10 G 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

TM oteorological Observation s 

at Inverness 20 0 0 

Meteorological Observations 

(reduction of) 25 0 0 

Fossil Reptiles ' 50 0 0 . 

Foreign Memoirs G2 0 G | 

Railway Sections 518 1 0 | 

Forms of Vessels 1951 12 0 

Meteorological Observations 

at riymouth 55 0 0 

Magnet ical Observations Gl 18 8 

Fishes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinburgh ... GO 1 10 

Tabulating Observations 0 G 3 

Races of Men #00 

Radiate Animals 2 0 0 


i^l235 10 11 


1842. 

Dynamometric Instruments . . 11.3 11 2 

Anoplura Britannim 52 12 0 

Tides at Bristol 50 8 0 

Gases on Light 80 14 7 

Chronometers 2G 17 6 

Marine Zoology 1 5 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam- vessels’ En- 

. gines 28 0 0 

Stars (Ilistoire CMeste) 60 0 0 

Stars (Brit. Assoc. Cat. of) ... 110 0 0 

Railway Sectioni IGl 10 0 

British Belemnites 60 0 0 

Fossil Reptiles* (publication 

of Report) m ; 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on 

Rocks 5 8 G 

Meteorological Experiments 

at Plymouth 68 0 0 

Constant Indicator and Dyna- 
mometric Instruments 90 0 0 


f/. 

Force oE Wind 10 0 0 

Light on Growth of Seeds .... 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds ... S 1 11 
Questions on Unman Race ... 7 9 0 

• £1440 17 8 


184.3. 

Revision of the IJoraenclature 

of Stars 2 0 

Reduction of Stars, Britisli 

Association Catalogue 25 0 

Anomalous Tides, Firth of 

Forth 120 0 

Hourly ]\Icteorological Obser- 
vations at Kingussie and 

Inverness 77 12 

Met eorological Observation s 

at Plymouth 55 0 

Whe well’s Meteorological Ane- 
mometer at Plymouth 10 0 

Meteorological Observations 
Osier’s Anemometer at Ply- 
mouth 20 0 

Reduction of Meteorological 

Observations 510 0 

Meteorological Instruments 

and Gratuities 5>0 G 0 

Construction of Anemometer 

at Inverness 5G 12 2 

Magnetic Co-operation 10 8 10 

Meteorological Recorder for 

Kew Observatoiy 50 0 0 

Action of Cases on Light 18 16 1 

Establishment at Kew Ob- 
servatory, Wages, Repairs, 

Furniture, and Sundries ... 1351 4 7 
Experiments by Captive Bal- 
loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Report on 

Fossil Reptiles 40 0 0 

Coloured Dr^jwings of Rail- 

vray Sections 147 18 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomen- 
clature 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 0 

Vegetative Power of Seeds ... 6 3 8 

Marine Testacea (Habits of) . 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Prep.aration of Report on Bri- 
tish Fossil Mammalia 100 0 0 

Physiological Operations of 

Medicinal Agents 20 0 0 

Vit^l Statistics 36 6 8 



civ hbport- 

£ .s% th . 

Additional Expevimonts on i 

the Forms of Vessels 70 0 0 1 

Additional Experiments on 

the Forms of Vessels 100 0 0 

Reduction of Experiments on 

the Forms of Veesels 100 0 0 

Morin's Instrument and Con- 
stant Indicator 60 14 10 

Experiments on the iStren“:th 

of Materials 60 0 0 


±ir»6r> io 2 



1844. 

Meteorological Observations 
at Kingussie and Inverness 12 0 0 i 

Completing Observations at 

Plymouth Ihl 0 0 • 

Magnetic and Meteorological 

Co-operation 25 8 4 

Publication of the British i 

Association Catalogue of 1 

Stars 85 0 0 j 

Observations on Tides on the 

East Coast of Scotland ... 100 0 0 

Revision of the Nomenclature 

of Stars 1842 2 9 6 

Maintaining the Establish- 
ment at Kew Observa- 
tory 117 17 8 

Instruments for Kew Obser- 
vatory 56 7 8 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature 

in Ireland 5 0 0 

Coloured Drawings of Rail- 
way Sections 15 17 6 

Investigation of Fossil Fishes 

ofthe Lower Tertiary Strata 100 0 0 
Regi.stering the Shocks of 

Earthquakes 1842 28 11 10 

Structure of Fossil Shells ... 20 0 0 

Radiata and Mollusca of the 
^gean and Red Seas 1 842 100 0 0 
Geographical Distributions of 

Marine Zoology 1842 0 10 0 

Marine Zoology of Devon ^nd 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality 

of Seeds 9 0 0 

Experiments on tlie Vitality 

of Seeds 1842 8 7 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on 

the Forms of Sliips 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 60 0 0 

Constant Indicator and Mo- 
rin’s Instrument 1842 10 .0 ^ 

£981 12 


- 1901 . 

’ 181.5. 

£ 8. d. 

Publication of the British As- 
sociation Catalogue of Stars 8r)l 14 6 


Meteorological Observations 

at Inverness 80 18 11 

Magnetic and Meteorological 

Co-operation 16 16 8 

Meteorological Instruments 

at Edinburgh 18 11 9 

Reduction of Anemometrical 

Observations at Ply mouth 25 0 0 
Electrical Experiments at 

Kew Observatory 48 17 8 

Maintaining the Establisli- 


ment .at Kew Observatory 149 15 0 
For Kreil’s Barometrograph 26 0 0 
Gases from Iron Furnaces... 50 0 0 

The Actinograph 15 0 0 

Microscopic Structure of 

Shells 20 0 0 

Exotic Anoplura 1843 10 0 0 

Vitality of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

IVIarinc Zoology of Cornwall . 10 0 0 

Physiological Action of Medi- 
cines 20 0 0 

Statistics of Sickness and 

Mortality in York 20 0 0 

Earthquake Shocks 1848 16 14 8 

£881 9 9 


1846. 

i British Association Catalogue 

! of Stars 1844 211 15 0 

’ Fcfssil Fishes of the London 

Clay 100 0 0 

. Comput<ation of the Gaussian 

Constants for 1829 60 0 0 

; Maintaining the Establish- 
1 ment at Kew Observatory 146 16 7 

I Strength of Materials 60 0 0 

: Researches in Asphyxia 6 16 2 

j Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1846 7 12 3 

Marine Zoology of Cornwall 10 0 0 

Marine Zoology of Britain ... 10 0 0 

Exotic Anoplura 1844 25 0 0 

Expenses attending Ai?j3mo- 

I meters 11 7 6 

' Anemometers’ Repairs..* 2 8 6 

Atmospheric Waves r.... 8 8 .8 

Captive Balloons 1844 8 19 8 

Varieties of the Human Race 

1844 7 6 3 

Statistics of Sickness and 

Mortality in York 12 0 0 


£685 16 0 



GENERAL STATEMENT. 


CV 


1847. 



£ 

8. 

d. 

Computation of tho Gsnissian 

Cor stunts for 1 829 

50 

0 

0 

Habits of Marine Animals ... 

10 

0 

0 

Physiological Action of Modi- 

cines 

20 

0 

0 

Marine Zoology of Cornwall 

10 

0 

0 

Atmospheric Waveil 

6 

9 

.8 

Vitality of Seeds 

4 

7 

7 

"Maintaining the Establisli- 

ment at Kew Observatory 

107 

8 

6 

£208 

5 

4 

1848. 

Maintaining the Establish- 

ment at Kcw Observatory 

171 

15 

11 

Atmospheric Waves 

.8 

10 

9 

Vitality of Seeds 

9 

15 

0 

Completion of Catalogue of 

Stars 

70 

0 

0 

On Colouring Matters 

5 

0 

0 

On Growth of Plants 

15 

0 

0 

£275 

1 

8 

1849. 

Electrical Observations at 

Kew Observatory 

50 

0 

1 

Maintaining tho Establish- 

ment at ditto 

76 

2 

5 

Vitality of Seeds 

5 

8 

1 

On Growth of Plants 

5 

0 

0 

Registration of 1‘eriodical 
18icnomena 

f 

10 

0 

0 

Bill on Account of A nemo- 

metrical Observ.ations 

13 

0 

0 

£159 

19^ 

6 


1850. 


1852. 

£ 8, d. 


Maintaining the Kstablish- 
ment at Kcw Observatory 
(including balance of grant 


for 1850) 

233 

11 


Experiments on the Conduc- 




t ion of Heat f 

.5 

2 

9 

Influence of Solar Radiations 

20 

0 

0 

Geological Map of Ireland ... 

15 

0 

0 

Researches on the Britisli An- 




nelida 

10 

0 

0 

Vitality of Sceds^ 

10 

6 

2 

Strength of Boiler Plates 

10 

0 

0 

i 

iim 

t; 

~7 

185.8. 




Maintaining the Establish- 




ment at Kew Observatory 

1C5 

0 

0 

Experiments on the Influence 




of Solar Radiation 

15 

0 

0 

Researciies on the British 




Annelida 

10 

0 

0 

Dredging on the East Coast 




of Scotland 

10 

0 

0 

Ethnological Queries 

5 

0 

0 

£ 

205 

0 

0 


1854. 

Maintaining the Establish- 
ment at Kcw Observatory 


(including balance of 

former grant) .‘iHO 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

P»ritish Annelida 10 0 0 


Maintaining the Establish- 
ment at Kew Observatory 255 18 0 


Transit of Earthquake Waves 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instruments, 

Azores 25 0 0 


£845 18 0 

1861. 

Maintaining the Establish- 
ment at Kcw Observatory 
(includes paiA of grant in 

104 ^ __ 


1849 ) 309 2 2 

Theory of Heat 7. 20 I 1 

-Periodical Phonomena of Ani- 
mals and Plants 5 0 0 

iTitality of Seeds 6 G 4 

nflnence of Solar Radiation 30 0 0 

ethnological Inquiries 12 0 0 

lesearches on Annelida 10 0 0 


£.891 ”9 7 


Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

£.880 19 “7 


1855. 

j Maintaining the Establish- 
ment .at Observatory 425 0 0 

1 Earthquake Movements 10 0 0 

i Physical Aspect of the IMoon 11 8 5 

I Vitality of Seeds 10 7 11 

I Map of the World 15 0 0 

I Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 

£480 16 ~4 

1856. 

Maintaining the Establish- 
ment at Kew Observa- 
tory : — 

1864 £ 75 0 0\- . 

1865 £500 0 Qr 



CVl 


KKFUK'r- 


1 ) 1111 . 


£ s. //. j 


Strickland’s Ornilbolop^ical j 

Synonyms 100 0 0 

Dredging and Dredging 

Forms 0 10 0 

Cliemica.1 Action of Light ... 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of *^Periodical | 

fticnomcna 10 0 0 I 

Propagation of Salmon 10 0 0 ! 


£7:U 10 1) ; 

1857. 

Maintaining the Establish- 
ment at Kew Observatory 050 0 0 ; 


Earthquake Wave Experi- 
ments 40 0 0 

Dredging near Belfast 10 0 Oj 

Dredging on the West Coast j 

of Scotland 10 0 0 I 

Investigations into tbe Mol- 

lusca of California 10 0 0 

Experiments on Flax .5 0 0 j 

Natural History of Mada- 
gascar 20 0 

Researches on British Anne- i 

lida 25 0 ,0 j 

Report on Natural Products j 

imported into Liverpool ... 10 0 0 . 

Artificial Propagation of Sal- i 

mon 10 0 0 I 

Temperature of Mines 7 8 0 j 

Thermometers for Subterra- 
nean Observations 5 7 4 

Life-boats 5 0 0 


£507 15 4 

1858. 

Maintaining the Establish 

ment at Kew Observatory 600 0 0 


Earthquake Wave Experi- 
ments 25 0 0 ; 

Dredging on the West Coast 

of Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seed 5 6 o| 

Dredging near Belfast 18 13 2 1 

Report on the British Anne- 
lida 25 0 0 

Experiments on the produc- 
tion of Heat by M'^tion in ' 

Fluids 20 0 0 ; 

Report on the Natural Pro- 
ducts imported into Scot- 
land 10 0 0 


£518 18 2 


1850. 1 

Maintaining the Establisli- ! 

ment at Kew Observatory 500 0 0 
Dredging near Dublin 15 0 O' 


£ s. d, 

Osteology of Birds 50 0 0 

Irish Tunicata 5 0 0 

Manure Experiments 20 0 0 

British Medusidsp 5 0 0 

Dredging Committee 6 0 0 

Steam-vesscls’Perfprpiance... 5 0 0 

Marino Fauna of South atid 

West of Ireland... ( 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents 30 11 0 


£684 11 i 


1860. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 

Dredging near Belfast 16 6 0 

Dredging in Dublin Bay 15 0 0 

Inquiry into the Performance 

of Steam-vessels 124 0 0 

Explorations in the Yellow 
Sandstone of Dura Den .. 20 0 0 

Chemico-mcchanical Analysis 

of Rocks and Minerals 25 0 0 

Researches on the (Jrowtli of 

Plants 10 0 0 

Researches on the Solubility 

of Salts ao 0 0 

Researches on theConstituen Is 

of Manures 25 0 0 

Balance of Captive Balloon 
Accounts 1 la 6 


£766 10 


1861. 


Maintaining the Establish- 


ent at Kew Observatory. . 

500 

0 

0 

Earthquake Experiments 

Dredging North and East 

26 

0 

0 

Coasts of Scotland 

Dredging Committee 

23 

0 

0 

18C0 £60 0 0 \ 

1861 £22 0 0 J 

72 

0 

0 

Excavat ions at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam- vessel Performance . . . 

150 

0 

0 

Fossils of Losmahagow 

15 

0 

0 

Exj)lorations at Uriconium ... 

20 

0 

0 

Chemical Alloys 

Classified Index to the Trans- 

20 

0 

0 

actions 

100 

0 

0 


Dredging in the Mersef* .and 

Dee 5 0 0 

Dip Circle 30 0 0 

Photolieliographic Observa- 
tions ,.••• 60 0 0 

Prison Diet 20 0 0 

Ganging of Water 10 Q 0 

Alpine Ascents 0 5 10 

Constituents of Manures 25 0 0 

£1111 6 10 



GENERAL STATEMENT. 
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1862. ) 

£ «. a. 

Maintaining the Establish- ! 

mcrt at Kew Observatory 500 0 0 

Patent Laws 21 6 0 

Molluscaof N.-W. of America 10 0 0 

Nat ural Hi story by Mercantile 

Marine y 5 0 0 

Tidal Observations^ 25 0 0 

Photoheliometer at Kew ...... 40 0 0 

'iVotographic I’icturcs of ttie 

Sun 150 0 0 

Rocks of Donegal 25 0 0 

Dredging Durham and North- 
umberland Coasts 25 0 0 

Connection of Storms 20 0 0 

Dredging North-east Coast 

of Scotland COO 

Ravages of Teredo 8 11 0 

Standards of Electrical Re- 
sistance 50 0 0 ! 

Railway Accidents 10 0 0 

Ralloon Committee 200 0 0 ■ 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 5 0 0 j 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 ! 

Steamships’ Perfornianco 160 0 0 : 

Thermo-electric Currents ... 5 0 0 * 


£”1208 10 C ! 

• • ! 


1803. 

Maintaining the Establish- • 
merit at Kew Observatory... 600 0 0 ' 

Balloon Committee deficiency 70 0 0 

Balloon Ascents (other ex- 
penses) 25 0 0 

Kntozoa 25 (? 0 • 

Coal Fossils 20 0 0 ! 

Herrings 20 0 0 i 

Granites of Dcmegal 5 0 0 i 

Prison Diet 20 0 0 i 

Vertical Atmospheric Move- 
ments 1,3 0 0 

Dredging Shetland 60 0 0 

Dredging North-cast Coast of 

Scotland 25 0 0 

Dredging Northumberland 

and Durham 17 3 10 

DredgingCommittee superin- 

tcrdcnce 10 0 O' 

Steamship Perftrmanco 100 0 0 

Balloon Commit! cc 200 0 0 

Carbon under pressure 10 0 0 i 

Volcanic Temperature 100 0 0 ; 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Electrical Constrnction and 

Distribution 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 
Bhotqheliograph , 100 0 0 


£ it. d. 

Thermo-electricity 15 0 0 

Analysis of Rocks 8 0 0 

Hydroida 10 0 0 


£1608 3 10 


18^. 

Maintaining the Establish- 
ment at Kew Observatory.. 000 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments • 20 0 0 

Dredging, Shetland 75 0 0 

Dredging, Northumberland... 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Re- 
sistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham’s Gift 60 0 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee ... 6 0 0 

Rain-gauges 10 15 8 

Cast-iron Investigation 20 0 0 

Tidal Observations in the 

Humber 60 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£1280 16 8 


1865. 

Maintaining the Establish- 
ment at Kew Observatory.. GOO 0 0 

Balloon Committee 100 0 0 

Hydroida 13 0 0 

Rmn-ganges 30 0 0 

Tidal Observations in the 

number 0 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 0 0 

Organic Acids : 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypteriis ..t 50 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches .30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches... 1.50 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations 35 0 0 

Marino Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands ... 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies 

in Water 100 0 0 

Bath Waters Analysis 8 10 10 

Luminous Meteors 40 0 0 


£1691 7' 10 



CVIU 


REPOKT 
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1S6C. , 

£ s. d. \ 

Tifaintainingr the Establish- i 

ment at Kew Observatory. . 600 0 0 • 

Lunar Committee 64 lil 4 

Balloon Committee f>0 0 0^ ; 

Metrical Committec^i 60 0 0* 

British Rainfall 60 0 0 i 

Kilkenny Coal Fields 16 0 0 | 

Alum Bay Fossil Leaf-bed ... 15 0 0 ; 

Luminous Meteors 60 0 0 

Lingula Flags Excavation ... ^0 0 0 

Chemical Constitution of 

Cast Iron 60 0 0 

Amyl Compounds 26 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration :10 0 0 

Kent’s Ilole Exploration 200 0 0 

Marine Fauna, &c., Devon 

and Cornwall 26 0 0 

Dredging Aberdeenshire Coast 26 0 0 

Dredging Hebrides Coast ... 60 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies 

in Water 60 0 0 . 

Polycyanides of Organic Radi- 
cals 20 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of. Crania 60 0 0 

Didine Birds of Mascarenc 

Islands 60 0 0 

Typical Crania Researches ... <10 0 0 

Palestine Exploration Fund... 100 0 0 


i;r760 13 4 


1867. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 *0 
Meteorological Instruments, 

Palestine 60 0 0 

Lunar Committee 120 0 0 

Metrical Committee <10 0 0 

Kent’s Hole Explorations ... 100 0 0 

Palestine Explorations 60 0 0 

Insect Fauna, Palestine 30 0 0 

British Rainfall 60 0 0 ' 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf-bed ... 26 0 0 

Luminous Meteors 60 0 0 

Bournemouth, Sec., Leaf- beds .‘10 0 0 

Dredging Shetland 76 0 0 | 

Steamship Reports Condeusa- ; 

tion 100 0 0 

Electrical Standards 100 0 0 i 

Ethyl and Methyl Series 26 0 0 ! 

Fossil Crustacea 26 0 0 j 

Sound under Water 24 4 0 ' 

North Greenland Fauna 76 0 0 

Do. Plant Beds 100 0 0 

Iron and Steel Manufacture... 25 0 0 

Patent Laws 30 0 0 


£1739 4 0 I 


1868. 

£ d. 

Maintaining the Establish- 
ment at Kew Observatory. . 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorat^'ons ..160 0 0 

Steamsliip Performances . .. 100 0 0 

British Rainfs\Jl 60 0 0 

Luminous Meteors 60 0 O' 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl Scries .'. 26 0 0 

Mercury and Bile 25 0 0 

Organic Remains in Lime- 
stone Rocks 26 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall.. 30 0 0 

British Fossil Corals £0 0 0 

Bagshot Leaf-beds 60 0 0 

Greenland Explorations 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperatnro.., 60 0 0 

Spectroscopic Investigations 

of Animal Substances 6 0 0 

Secondary Reptiles, i&.c 30 0 0 

British Marino Invertebrate 

Fauna 100 0 0 


£1940 0 b 


1869. 


Maintaining the Establish- 
ment at Kew Observatory. , 600 0 0 

Lur<ar Committee 60 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 26 0 0 

British Rainfall 60 0 0 

Thermal Conductivity of Iron, 

&;c 30 0 0 

Kent’s Hole Explorations 160 0 0 

Steamship Performances 30 0 0 

Chemical Constitution of 

Cast Iron 80 0 0 

Iron and St eel Manufacture 100 0 0 

Methyl Series 30 0 0 

Organic Remains in Lime- 
stone Rocks 10 0 0 

Earthquakes in Scotland. 10 0 0 

British Fossil Corals 60 0 0 

Bagshot Leaf -beds .. 30 0 0 

Fossil Flora 26 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 30 0 0 

Spectroscopic Investigations 

of Animal Substances 6 0 0 

Organic Acids 12 0 0 

Kiltorc^n Fossils .............. 2P Q Q 



GENERAL STATEMENT. 


CIX 


£ 8. d. 

Ohemical Constitution and 
Physiological Action Rela- 

lioiis lo 0 0 

Mountain Limestone Fossils 25 0 0 

Utilisation of Sewage 10 0 0 

Products of Digestion 10 0 0 

^ £1622 0 0 


£ 8. d. 

Fossil Coral Sections, for 


' Photographing 20 0 0 

’ Bagshot Leaf -beds 20 0 0 

: Moab Explorations 100 0 0 

■ .Gaussian Constants 40 0 0 


£1472 2 6 


1870. 


Maintaining the Establish- 
ment at Kew Observatory COO 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna 20 0 0 

Ears in Fishes 10 0 0 

Chemical Nature of Cast 

Iron 80 0 0 

Luminous Meteors :tO o 0 

Heat in the Blood. 15 0 0 

British Rainfall 100 0 0 

Thermal Conductivity of 

Iron, &c 20 0 0 

British Fossil Corals 60 0 0 

Kent’s Hole Explorations ... 150 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-beds 15 0 0 

Fossil Flora : 25 0 0 

Tidal Observations 100 0 0 

Underground Tomperaturo ... 60 0 0 
Kiltorcan Quarries Fossils ... €0 0 0 
Mountain Limestone Fossils 25 0 0 

Utilisation of 8e wage 50 0 0 

Organic Chemical Compounds IK) o 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of • 
Heat 60 0 0 


£1572 0 0 


1871. 

Maintaining the Establish- 
ment at Kew Observatory 600 
Monthly Reports of Progress 

in Chemistry 100 

Metrical Committee 25 

Zoological Record 100 

Thermal Eqmvalents of the 

Oxides of Cnlorine 10 

Tidal Observalaons 100 

Fossil Flora 25 

Luminous Meteors 30 

British Fossil Corals 25 

Heat in the Blood 7 

British Rainfall 50 

Kent’s Hole Explorations ... 150 

Fossil Crustacea 25 

•Methyl Compounds 23 

Lunar Objects 20 


0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 


1872. 

Maintaining tfic Establish- 
ment at Kew Observatory 300 0 0 

Metrical Committee 75 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-embryological Inqui- 
ries 10 0 0 

Kent’s Cavern Exploration.. 100 0 0 

Liaminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

: Fossil Elephants of Malta ... 25 0 0 

• Lunar Objects 20 0 0 

Inverse Wave-lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Anta- 
gonism 10 0 0 

E.s.sential Oils, Chemical Con- 
stitution, &c 40 0 0 

; Mathematical Tables 50 0 0 

1 Thermal Conductivity of jMc- 
' tills 25 0 0 


£1285 0 0 


j 1873. 

: Zoological Record 100 0 0 

I Chemistry Record 200 0 0 

Tidal Committee 400 0 0 


j Kent's Cave/n Exploration ... 150 0 0 

! Carboniferous Corals 25 0 0 

I Fossil Elephants 25 0 0 

, Wave-lenglhs 1.50 0 0 

I British Rainfall 100 0 0 

I Essential Oils .30 0 0 

, Mathematical Tables 100 0 0 

: Gaussian Constants 10 0 0 

I Sub-Wealden Explorations... 25 0 0 

j UndergTound Temperature ... 1 50 0 0 

j Settle Cave Exploration 60 0 0 

Fossil Flora, Ireland 20 0 0 

I Timber Denudation and Rain- 
fall 20 0 0 

Luminous Meteors .SO 0 0 


£1685 0 0 
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1874. 





£ 

s. 

d. 


£ 

s. 

(t: 

Isomeric Cresols 

iO 

0 

0 

Zoological Record 

100 

0 

0 

Action oE Ethyl Bromobuty- 




Chemistry Record 

100 

0 

0 

rate on Ethyl Sodaceto- 




Mathematical Tables 

100 

0 

0 

acetate 

5 

0 

0 

Elliptic Functions 

100 

0 

0 

Estimation of Potash and 




Lightning Oondiicku's 

10 

0 

0 

PI losphor i c Aci d 

13 

0 

0 

Thermal Conductivity of 




Exploration of A^ictcfia Cave 

100 

0 

0 

Rocks 

10 

0 

0 

Geological Record 

100 

0 

0 

Anthropological Instruct ions 

50 

0 

0 

Kent’s Caver^i Exploration... 

100 

0 

0. 

Kent’s Cavern Exploration... 

150 

0 

0 

Thermal Conductivities of 



* 

Luminous Meteors 

:j{) 

0 

0 

Rocks 

10 

0 

0 

Intestinal Secretions 1 

15 

0 


Underground Waters 

10 

0 

0 

British Rainfall 

100 

0 

0 I 

Earthquakes in Scotland 

1 

10 

0 

Essential Oils 

10 

0 

0 i 

1 Zoological Record 

100 

0 

0 

Sub-Wealden Explorations ... 

2.“» 

0 

0 

Clo.se Time 

5 

0 

0 

Settle Cave Exploration 

50 

0 

0 

1 Physiological Action of 




Mauritius Meteorology 

100 

0 

0 

Sound 

26 

0 

0 

Magnetisation of Iron 

20 

0 

0 

Naples Zoological Station ... 

76 

0 

0 

Marine Organisms 

30 

0 

0 

Intestinal Secretions 

16 

0 

0 

Fossils, North-West of Scot- 




Physical Characters of Inha- 





land 

2 

10 

0 

Physiological Action of Light 

20 

0 

0 

Trades Unions 

25 

0 

0 

Mountain Limestone-corals 

25 

0 

0 

Erratic Blocks 

10 

0 

0 

Dredging, Durham and York- 
shire Coasts 

28 

5 

0 

High Temperat urc of Bodies 
Siemens’s Pj’romcter 

30 

0 

0 

3 

6 

0 

Labyriiithodonts t)f Coal- 
measures 

7 

J5 

0 

£1151 

16 

0 

1875. 

Elliptic Functions 

100 

0 

0 

Magnetisation of Iron 

20 

0 

0 

British Rain full 

120 

0 

0 

Luminons Meteors 

:io 

0 

0 

Chomi.strv Record 

JOO 

0 

0 

Specific Volume of J;jqiiids... 

25 

0 

0 

Estimation of Potash and 
Phosphoric Acid 

10 

0 

0 

Isomei ric ( ’re.sols 

20 

0 

0 

Sub-Wealdon Explprations ... 

100 

0 

0 

Kent's Cavern Exploration... 

100 

0 

0 

Settle Cave Exploration ...... 

50 

0 

0 

Earthquakes in Scot land 

1 5 

0 

0 

Underground Waters 

10 

0 

0 

Development of Myxinoid 
Fishes 

20 

0 

0 

Zoological Record 

100 

0 

0 

Instructions for Travellers ... 

20 

0 

0 

Intestinal Secretions 

20 

0 

0 

Palestine Exploration 

100 

0 

0 

£960 

0 

0 

1876. 

Printing Mathematical Tables 

150 

4 

2 

British Rainfall 

100 

0 

0 

Ohm’s Law 

0 

15 

0 

Tide Cai’cvilating Machine . 

‘20vl 

0 

0 

SpiBcl&e Veiume of Liquids,,, 

25 

0 

0 


bitants of Bril isli Isles 13 15 0 

Measuring Speed of Shipi3 ... 10 0 0 

Effect of Propeller on turning 

of Steam-vessels 6 0 0 

:er692 ~ 4 '”i{ 


1877. 

liiquid Carbonic Acid in 

^lincrals 20 0 0 

Elliptic Eimctioiis 250 0 0 

TJicrinal Conductivity of 

llocb * 0 11 7 

Zoological llocord 100 0 0 

Kent's Cavern 100 0 0 

Zoological Station at Naples 75 0 0 

liiirainous Meteors 30 0 0 

Kl.^^sticily of Wires 100 0 0 

Dipteroearjiea;, lleport on ... 20 0 0 

Mechanical Equivalent of 

Heat 35 0 0 

Double Compounds of Cobalt 

and Nickel 8 0 0 

Underground Temperature... 50 0 0 

Settle Cave Exploration 100 0 0 

Underground Waters in New 

Red Sandstone 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaccto- 

acetate 10 0 0 

British Earthworks 25 0 0 

Atmospheric Elcctricitv in 

India 15 0 0 

Development of Light* from 

Coal-gas 29 0 0 

Estimation of Potash and 

Phosphoric Acid 1 18 0 

Geological Record 100 0 0 

Anthropometric Committee ■ 34 0 0 

Physiological Action of Phos- 
phoric Acid, _15 0 . 

. £1128 9 
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1878. 

£ 8. d. 

Exploration of Settle Caves 100 0 0 

Geological Record 100 0 0 

Investigation of Pulse Pheno- 
mena by means of Siphon 

Recorder 10 '' 

Zoological Station at^ Naples 75 0 0 

Investigation of Underground 

^^Waters.. 15 0 0 

Transmission of Electrical 
Impulses through Nerve 

Structure 110 0 0 

Calculation of Factor Table i 

for 1th Million 100 0 0 

Anthropometric Committee... 60 0 0 

Composition and Structure of 

less -known Alkaloids 25 0 0 | 

Exploration of Kent’s Cavern .50 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Explora- 
tion 15 0 0 

Thermal Conductivity of 

Rocks 4 16 6 

Luminous Meteors 10 0 0 

Ancient Earthworks 25 0 0 


£725 16 6 


j£ Sm d. 

Speciiic Inductive Capacity 

of Sprengel Vacuum 40 0 0 

Tables of Sun-heat Co- 

eflTicients 30 0 0 

Datum Level of the Ordnance 

Survey 1 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forms 36 14 9 
Atmospheric Electricity Ob- 
servations in Madeira 15 0 0 

Instrument for Detecting 

i Fire-damp in l^fines 22 0 0 

Instruments for Measuring 

the Speed of Ships 17 1 8 

Tidal Observations in the 

English Channel 10 0 0 

£1080 11 n 


1880. 

New Form of High Insulation 

Key 10 0 0 

Underground Temperature ... 10 0 0 

Determination of the Me- 
chanical Equivalent of 
Heat 8 .5 0 


1879. 

Table at. the Zoological • 

Station, Naples 75 

Miocene Flora of tho Basalt 
of the North of Ireland ... 20 

Illustrations for a ^lonograph 

on the Mammoth 17 

Record of Zoological Litera- 
ture 100 

Composition and Structure of 
less-known Alkaloids 25 


Elasticity of Wires 

Luminous Meteors 

Lunar Disturbance of Gravity 

I Fundamental Invariants 

0 0 Laws of Water Friction 

Specific Inductive Capacity 

0 0 of Sprengel Vacuum 

Completion of Tables of Sun- 

0^0 heat Coefficients 

InslruDicnt for Detection of 

0 0 Fire-damp in Clines 

Induct ive Capacity of Crystals 
0 0 ‘ and Paraffines 


50 0 0 
30 0 0 
30 0 0 
8 5 0 

20 0 0 

20 0 0 

50 0 0 

10 0 0 

4 13 


Exploration of Caves in 
Borneo 50 

Kent’s Cavern Exploration... 100 
Record of the Progress of 

J Geology 100 

Fermanagh Caves Exploration 5 


Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Salts. 25 

A nthropometric Committee . . . 50 
Natural History of Socotra ... 100 
Calculation of hUctor Tables 
for 5th and gth Millions ... 150 


Underground ’^V’aters 10 

^ Steering of Screw Steamers. . . 1 0 

f Improvements in Astrono- ’ 

\ mical Clocks 30 

Larine Zoology of South 
Devon 20 


HtenninflAtonL oi ‘M.ec’hanical 




0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


Report on Carboniferous 

Polyzoa , 10 0 0 

Caves of Soutli Ireland ]() 0 0 

Viviparous Nature of Ichthyo- 
saurus 10 0 0 

Kent's Cji vein E.xploration... 50 0 0 

Geological Record 100 0 0 

;Miocene Flora of the Basalt 

of North Ireland 15 0 0 

Underground Waters of Per- 
mian Formations 5^ 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Table at Zoological Station 

at Naples 75 0 0 

Investigation of fhe Geology 

and Zoology of Mexico 50 0 0 

Anthropometry oO 0 0 

\ Patent Laws 5 0 0 

£731 7 7 


12 15 
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1881. 

£ s. d. 

Lunar Disturbiince of Gravity 30 0 0 
Underground Temperature ... *20 0 0 | 

Electrical Standards 25 0 0 

High Insulation Key 5 0 ‘ () 

Tidal Observation^ 10 0 0 

Specific Refractions 7 3 I 

Fossil Folyzoa --10 0 0 

Underground Waters JO 0 0 

Earthquakes in Japan 25 0 0 

Tertiary Flora 20 0 0 

Scottish Zoological Station ... 50 0 0 

Naples Zoological Station ... 75 0 0 ' 

Natural History of Socotra ... 50 0 O l 

Anthropological Notes and I 

Queries 9 0 0 j 

Zoological Record 100 0 0 

Weights and Heights of 
Human Reings 30 O o 


£m 3 1 

I 

1882. I 

Exploration of Central Africa 100 0.0! 
Fundamental Invariants of I 


Algebraical Forms 7G 1 11 j 

Standards for Electrical j 

.Measurements 100 0 0 

Calibration of Mercurial Ther- 

raoinetcrs 20 0 0 


1883. 


Meteorological Observations 

£ 

s. 

d. 

on Ben Nevis 

Isomeric Naphthalene Deri- 

50 

0 

0 

vatives 

Earthquake Phenomena of 

15 

0 

0 

Japan 

Fossil Plants of H.aiifax 

50 

0 

0 

20 

0 

0 

British Fossil Pol3’’zoa 

Fossil Phyllopoda of Palmo- 

10 

0 

0 

zoic Rocks 

Erosion of Sea-coast of Eng- 

25 

0 

0 

land and Wales 

Circulation of Underground 

10 

0 

0 

Waters 

15 

0 

0 

Geological Record 

Exploration of Caves in South 

50 

0 

0 

of Ireland 

10 

0 

0 

Zoological Literature Record 

100 

0 

0 

Migration of Birds 

20 

0 

0 

Zoological Station at Naples 

80 

0 

0 

Scottish Zoological Station... 
Elimination of Nitrogen by 

25 

0 

0 

Bodily Exercise 

Exploration of Mount Kili- 

38 

3 

3 

ma-njaro I 

Investigation of Loughton 

500 

0 

0 

Camp 

10 

0 

0 

Natural History of Timor-laut 

50 

0 

0 

Screw Gauges 

5 

0 

0 


Wave-length Tables of Spec- 
tra of Elements .50 0 0 

Photographing Ultra-violet 

Spark Spectra 25 0 0 | 

Geoh»gical Record 100 0 0 j 

Earth(iuxiko Phenomena of | 

Japnn 25 0 0 ; 

Conversion of Sedimentary ! 

.Mat erials into Metainorph ic 

Rocks 10 

Fossil Plants of Halifax 15 

Geological Map of Europe ... 25 

Circulation of Underground j 

Waters 15 0 0 ! 

Tertiary Flora of Nortli of 

Irelp-nd 20 0 0 

British INdyzoa 10 0 0 

Exploration of Caves of South 

of Ireland 10 0 0 

Exploration of Raygill Fissure 20 0 () 

Naples Zoological Station ... 80 0 0 

Albuminoid Substances of I 

Scrap 10 0 0 

Elimination of Nitrogen by 

Bodily Exercise 50 0 0 

Migration of Birds 15 0 0 

Natural History of Socotra... 100 0 0 
Natural History of Timor- laut 100 0 0 
Record of Zoological Litera- 
ture 100 0 0 

ARthropcmetric Committee.. . 50 o o 


£1120 1 11 


£1083 3 3 

♦ 1884. 

Meteorological Observations 

on Ben Nevis 50 0 0 

Collecting and Investigating 

^Meteoric Dust 20 0 0 

]Metcorological Observatory at 


Chepstow 

25 

0 

0 

Tiflal Observations 

10 

0 

0 

Ultra Violet Spark Spectra ... 

8 

4 

0 

Earthquake Phenomena of 



Japan 

75 

0 

0 

Fo.ssil Plants of Halifax 

15 

0 

0 

Fossil Pol^-zoa 

10 

0 

0 

Erratic Blocks of England ... 

10 

0 

0 

Fossil Phvllopoda of Palaso- 




zoic Rocks 

15 

0 

0 

Circulation of Underground 




Waters 

5 

0 

0 

International Geological Map 

20 

0 

0 

Bibliography of Groups of 




invertebrata 

50 

0 

0 

Natural History of TimSr-laut 

50 

0 

0 

Naples Zoological Station* ... 

80 

0 

0 

Exploration of Mount Kili- 




« ma-njaro. East Africa 

500 

0 

0 

Migration of Birds 

20 

0 

0 

Coagulation of Blood 

100 

0 

0 

Zoological Literature Record 

100 

0 

0 

Antliropometric Committee... 

10 

0 

0 


£1173 4 0 



GENERAL STATEMENT. 


CXlll 


1885. 

£ s. 

Synoptic Chart of Indian 

Ocean 0 

Reduction of Tidal Observa- 
tions. 10 0 

•Calculating Tables in Theory 

of Numbers 100 0 

Meteorological Olfcervations 

on Ben Nevis 50 0 

•Meteoric Dust i... 70 0 

Vapour Pressures, &c., of Salt 

Solutions 25 0 

Physical Constants of Solu- 
tions 20 0 

Volcanic Phenomena of Vesu- 
vius 25 0 

Raygill Fissure 15 0 

Earthquake Phenomena of 

Japan 70 0 

Fossil Phyllopoda of Palaeozoic 

Rocks 25 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 60 0 

•Geological Record 50 0 

Circulation of Underground 

Waters 10 0 

Naples Zoological Station ... 100 0 
Zoological Literature Record. 100 0 

Migration of Birds 30 0 

Exploration of Mount Kilima- 
njaro 25 0 

Recent Polyzoa 10 0 

Oranton Biological Station ... 100 0 
Biological Stations on Coasts • 

of United Kingdom 160 0 

Exploration of New Guinea... 200 0 


Exploration of Mount Roraima 100 0 


d. 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 


jei385 % 0 


1886. 

Electrical Standards 40 0 0 

Solar Radiation 0 10 6 

Tidal Observations 60 0 0 

Magnetic Obseirations 10 10 0 

Observacions on Ben Nevis ... 100 0 0 
Physical and Chemical Bear- 
ings of Electrolysis 20 0 0 

Chemical Nomenclature 5 0 0 

Fossil Plants of British Ter- 
tiary and Se^ndary Beds... 20 0 0 

Caves in North*Wales 26 0 0 

Volcanic Phenomena of Vesu- 
vius 30 0 0 

Geological Record 100 0 0 

Palseozoic Phyllopoda 16 0 0 

Zoological Literature Record . 100 0 0 
Granton Biological Station ... 76 0 0 
Naples Zoological Station 60 0 0 


Researches in Food- Fishes and 
Invertebrata at St. Andrews 76 0 0 
1901. 


£ *. d. 

Migration of Birds 30 0 0 

Se(»etion of Urine 10 0 0 

Exploration of New Guinea... 160 0 0 

Regulation of Wages under 

Sliding Scales 10 0 0 

Prehistoric Race in Greek 

Islands ?. 20 0 0 

North-Western Tribes of Ca- 
nada 60 0 0 


£995 0 6 


1887. 

Solar Radiation 18 10 0 

Electrolysis 30 0 0 

Ben Nevis Observatory 75 0 0 

Standards of Light (1886 

grant) 20 0 

Standards of Light (1887 

grant) 10 0 

Harmonic Analysis of Tidal 

Observations 15 0 0 

Magnetic Observations 26 2 0 

Electrical Standards 60 0 0 

Silent Discharge of Electricity 20 0 0 

Absorption Spectra 40 0 0 

Nature of Solution 20 0 0 

Influence of Silicon on Steel 30 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Volcanic Phenomena of Japan 

(1886 grant) 50 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 60 0 0 

Cae Gwyn Cave, N. Wales ... 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Coal Plants of Halifax 25 0 0 

Microscopic Structure of the 

Rocks of Anglesey 10 0 0 

Exploration of the Eocene 
Beds of the Isle of Wight... 20 0 0 

Underground Waters 5 0 0 

‘ Manure * Gravels of Wexford 10 0 0 
Provincial Museums' Reports 5 0 0 

Lymphatic System 25 0 0 

Naples Biolc^cal Station ... 100 0 0 
Plymouth Biological Station 50 0 0 
Gran ton Biological Station ... 75 0 0 

Zoological Record 100 0 0 

Flora of China 75 0 0 

Flora and Fauna of the 

Cameroons 75 0 0 

Migration of Birds .30 0 0 

Bat h 3 ’'-hypsographical Map of 

British Isles 7 6 0 

Regulation of Wages 10 0 0 

Prehistoric Race of Greek 
Islands 20 0 0 


Racial Photographs, Egyptian 20 0 0 

£ri86l8”~b 



CXIV 


KEPOET — 1901. 


1888. 

£ g. d. 

Blin Nevis Observatory 150 0 0 

Klectrical Standards 2 (i 4 

Magnetic Observations U 0 0 

Standards of Light 70 2 3 

Electrolysis 30 0 0 

Uniforai Nomenclature in 

Mechanics 10 0 0 

Silent Discharge of Elec- 
tricity 0 11 10 

Properties of Solutions 25 0 0 

Intiuence of Silicon on. Steel 20 0 0 
Methods of Teaching Chemis- 
try 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 I 

Action of Light on llydracids 20 0 0 
Sea Beach near Bridlington... 20 0 0 

(.Toological Becord 50 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 6 0 0 

l^alaeontographical Society ... 50 0 0 
Pliocene Fauna of St. Ertli... 60 0 0 
Carboniferous Flora of Lan- 


cashire and West Yorkshire 25 0 0 
Vi)lcanic Phenomena of Vesu- 
vius 20 0 0 

Zoology and Botany of We.st 

Indies 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishes — St. 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 25 0 0 

Biological Station at Granton 60 0 0 
Peradeniya Botanical Station 50 0 0 
Development of Teleostei ... 15 0 0 

Depth of Frozen Soil in Polar 

Regions 6 0 0 

I’recious Metals in Circulation 20 0 0 
Value of Monetary Standard 10 0 0 
Effect of Occupations on Phy- 
sical Development 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric Race in Greek 
Islands 20 0 0 


£1511 0 5 


1889. 

Bon Nevis Observatory 60 0 0 

Electrical Standards 75 0 0 

Electrolysis 20 0 0 

Surface Water Temperature... 30 0 0 

Silent Discharge of Electricity 
on Oxygen 6 4 8 


£ s. d. 

Methods of teaching Chemis- 
try 10 0 0 

Action of Light on Hydracids 10 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japan 26 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic PhyllopoiCa 20 0 0 

Higher Eocene Beds of Isle of 

Wight 16 0.0 

I West Indian Explomtions ... 100 0 0 

Flora of China 26 0 0 

Naples Zoological Station ... 100. 0 0 
Phj'siology of Lymphatic 

System 26 0 0 

Experiments with a Tow-net 6 16 3 
Natural History of Friendly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tribes of 

Canada 160 0 0 

Nomad Tribes of Asia Minor 30 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 

‘ Baths Committee,* Bath 100 0 0 

o U 


1890. 

I Electrical Standards 12 17 0 

Electrolysis 6 0 0 

Electro-optics 60 0 0 

Mathematical Tables 25 0 0 

V\>lcanic and Seismological 

Phenomena of Japan 76 0 0 

Pellian Equation Tables 15 0 0 

Properties of Solutions 10 0 0 

International Standard for the 
Analysis of Iron and Steel 10 0 0 

I Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 6 0 0 

Methods of teachingChemistry 10 0 0 

Recording Results of Water 

Analysis ....’ 4 10 

Oxidation of Hydracids in 

Sunlight 16 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palmozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 6 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0 0 

Geological Photographs 7 11 11 

Lias Beds of Northampton ... 25 0 0 

Botanical Station at Perade- 
niya 25 0 0 



GENERAL STATEMENT. 


CXV 


£ 

llxperiracnts with a Tow- 

net 4 3 9 

Naples Zoological Station ... 100 0 0 

Zoology and Botany of the 

West India Islands 100 0 0 

Marine Biologicfil Assoc.iation 30 0 0 
Action of Waves anclCurrents 

in Estuaries 150 0 0 : 

^laphic Methods in Mechanic j 

cal Science 11 0 0 j 

Anthropometric Calculations 5 0 0 * 

Nomad Tribes of Asia Minor 25 0 0 
Corresponding Societies 20 0 0 


1.799 16 8 


1891. 

Ben Nevis Observatory 50 0 o 

Electrical Standards.. 100 0 0 

Electrolysis 5 0 0* 

Seismological Phenomena of 

Japan 10 0 0 ; 

Temperatures of Lakes 20 0 0 i 

Photographs of Meteorological 

Phenomena 5 0 0 

Discharge of Electricity from 

Points 10 0 0 

Ultra Violet Rays of Solar 

Spectrum 60 0 0 

International Standard for ; 

Analysis of Iron and Steel. . . 10^0 0 : 

Isomeric Naphthalene Deriva- , 

tives 25 0 0 

Formation of Haloids 25 0 0 j 

Action of Light on Dyes 17 10 0 

Geological Record 100 0 ^ 

Volcanic Phenomena of Vesu- 
vius 10 0 0 

Fossil Phyllopoda 10 0 0 

Photographs of Geological 

Interest 9 5 0 

Lias of Northamptonshire ... 25 0 0 
Registration of Type- Speci- 
mens of British Fossils 5 5 0 

Investigation of Elbolton Cave 25 0 0 
Botanical Station at Pera- 

deniya 50 0 0 

KxpCTiments with a Tow-net 40 0 0 
Marine Biological Association 12 10 0 
Disappearance of Native 

Plants f. 5 0 0 

Action of Waves q|id Currents 

in Estuaries 125 0 0 

Anthropometri(f Calculations 10 0 0 
New Edition of ‘ Anthropo- 
\ logical Notes and Queries * 60 0 0 
North - Western Tribes of 

Canada 200 0 0 

Corresponding Societies 26 0 0 


£l,02d 10 0 


1892. 

£ *. iF. 

Observations on Ben Nevis ... 50 0 0 

Photographs of Meteorological 


Phenomena 15 0 0 

Pellian Equation Tables 10 0 0 

Discharge of Electricity from 

Points 50 0 0 

Seismological Phenomena of 

Japan 10 0 >0 

Formation of Haloids 12 0 0 

Properties of Solutions 10 0 0 

Action of Light'^ on Dyed 

Colours 10 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest ^ 20 0 0 

Underground Waters 10 0 0 

Investigation of Elbolton 

Cave 25 0 0 

Excavations at Oldbury Hill 10 0 0 

Cretaceous Polyzoa 10 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 17 10 0 

Deep-sea Tow-net 40 0 0 

Fauna of Sandwich Islands... 100 0 0 

Zoology and Botany of West 

India Islands 100 0 0 

Climat ology and Hydrography 

of Tropical Africa 50 0 0 

Antliropometric Laboratory... 5 0 0 

Anthropological Notes and 

Queries 20 0 0 

Prehistoric Remains in Ma- 

shonaland 50 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 25 0 0 


£864 10 0 


1S93. 


Electrical Standards 25 0 0 

Observations on Ben Nevis ... 150 0 0 

Mathematical Tables 15 0 0 

Intensity of Selar Radiation 2 8 6 
Magnetic Work at the Fal- 
mouth Observatory 25 , 0 0 

Isomeric Naphthalene Deri- 

vatives 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 5 0 0 

Underground Waters 5 0 0 

Shell-bearing Deposits at 

Clava, Chapelhall, &c 20 0 0 

Euryptcrids of the Pentland 

Hills 10 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 30 0 0 

Fauna of Sandwich Islands 100 0 0 

Zoology and Botany of West 
India Islands 50 0 0 



cxvi 


BErouT — 1901 


Exploration of Irish Sea 30 0 

Physiological Action of 

Oxygen in Asphyxia 20 0 

Index of Genera and Species 

of Animals 20 0 

Exploration of Karakoram 

Mountains 60 0 

Scottish Place-names 7 0 

Climatology and Hydro- 
graphy of Tropical Africa 60 0 

Economic Training 3 7 

Anthropometric Laboratory 6 0 

Exploration in Abyssinia 25 0 

North-Western Tribes of 

Canada 100 0 

Corresponding Societies 30 0 

i907 15 


Electrical Standards 

25 

0 

0 

Photographs of Meteorological 




Phenomena 

10 

0 

0 

Tables of Mathematical Func- 




tions 

15 

0 

0 

Intensity of Solar Radiation 

5 

6 

6 

■Wave-length Tables 

10 

0 

0 

Action of Light upon Dyed 




Colours 

6 

0 

0 

Erratic Blocks 

16 

0 

0 

Fossil Phyllopoda 

6 

0 

0 

Shell -bearing Deposits at 





Clava, &c 

Enrypterids of the Pentland 

Hills 

Ngav Sections of Stonesfield 

Slate 

Observations on Earth-tre- 
mors 

Exploration of Calf - Hole 

Cave 

Naples Zoological Station ... 
Marine Biological Association 
Zoology of the Sandwich 

Islands 

Zoology of the Irish Sea 

Structure and Function of the 

Mammalian Heart 

Exploration in Abyssinia ... 

Economic Training 

Anthropometric Laboratory 

Statistics 

Ethnographical Survey 

riie Lake Village at Glaston- 
bury 

Authropometrical ]\Ieasure- 

ments in Schools 

Mental and Physical Condi- 
tion of Children 

Corresponding Societies 


5 0 
100 0 

6 0 

100 0 
40 0 


£ s. d. 

Electrical Standards 25 0 O' 

Photographs of Meteorological 

Phenomena 10 0 O 

Earth Tremors 76 0 0* 

Abstracts of Physical Papers 100 0 O 
Redaction of Magnetic Obser- 
vations made at Falmouth 

Observatory 60 0 Ok 

Comparison of Magnetic Stan- 
dards 26 0 0 

Meteorological Observations 

on Ben Nevis 60 0 0- 

Wave-length Tables of the 

Spectra of the Elements ... 10 0 0* 

Action of Light upon Dyed 

Colours 4 (> 1 

Formation of Haloids from 

Pure Materials 20 0 0 

Isomeric Naphthalene Deri- 
vatives 30 0 0 

Electrolytic Quantitative An- 
alysis 30 0 O 

Erratic Blocks 10 0 0 

Palaeozoic Phyllopoda 6 0 0 

Photographs of Geological In- 
terest 10 0 0 

Shell-bearing Deposits at 

Clava^ Ac - 10 0 0 

Eurypterids of the Pentland 

Hills 3 0 

New Sections of Stonesfield 

Siatt 60 0 

I Exploration of Calf Hole Cave 10 0 
• Nature and Probable Age of 

i High-level Flint-drifts 10 0 

Table at the Zoological Station 

\lt Naples 100 0 

Table at the Biological L;ibo- 

ratory, Plymouth 16 0 

Zoology, Botany, and Geology 

of the Irish Sea 35 9 

Zoology and Botany of the 

West India Islands 60 0 

Index of Genera and Species 

of Animals 60 0 

Climatologyof Tropical Africa 6 O' 

Exploration of Htadram lit ... 60 0 

Calibration and Comparison of 

Measuring Instruments ... 26 0 

Anthropometric Measure- 
ments in Schools ....^ 6 0 

LaJre Village at Glastonbury 30 0 

Exploration of a KKchen- 

midden at Hastings ...r..... 10 0 

Ethnographical Survey 10 0 

Physiological Applications of 

I the Phonograph 26 0 

. Corresponding Societies 30 0 

je977 16 


£583 15 



GENERAL STATEMENT. 


cxvii 


1896. 

£ s. d. 

Photographs of Meteoiologi 

cal Phenomena 15 0 0 

Seismological Observations... 80 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of Certain Inte- 
grals 10 0 0 

Uniformity of Size of Pages of 

^ •Transactions, &c.* 6 0 0 

Wave-length Tables of the 
Spectra of the Elements ... 10 0 0 
Action of Light upon Dyed 

Colours 2 1 

Electrolytic Quantitative Ana- 
lysis 10 0 0 

The Carbohydrates of Barley 

Straw 60 0 0 

Reprinting Discussion on the 
Relation of Agriculture to 

Science 6 0 0 

Erratic Blocks 10 0 0 

Palajozoic Phyllopoda 6 0 0 

Shell-bearing Deposits at 

Clava, Ac 10 0 0 

Eurypterids of the Pentland 

Hills 2 0 0 

Investigation of a C6ral Reef 
by Boring and Sounding ... 10 0 0 


Examination of LocaUty where 


the Cetiosaiirus in the Ox- 
ford Museum was found ... 2.5 0 0 
Palaeolithic Deposits at Hoxne 25 0 0 
Fauna of Singapore Caves ... 4(f 0 0 
'* Age and Rehition of Hocks 

near Moreseat, Aberdeen . 10 .0 0 
Table at the Zoological Sta- 
tion at Naples 100 0 0 

Table at the Biological Labo- * 

ratory, Plymouth 16 0 0 

Zoology, Botany, and Geology 

of the Irish Sea 60 0 0 

Zoology of the Sandwich Is- 
lands 100 0 0 

African Lake Fauna 100 0 0 

Oysters under Normal and 
j Abnormal Environment ... 40 0 0 
^Climatology of Tropical Africa 10 0 0 
Calibration and Comparison of 

Measuring Instruments 20 0 0 

Small Screw Gauge 10 0 0 

North-Western Tribes of 

Cana^ • 100 0 0 

^ke Village at Glastonbury . JIO 0 0 

Ethnographical Survey 40 0 0 

Mental and Bhysical Condi- 
tion of Children 10 0 0 

Physiological Applications of 

^ the Phonograph 25 0 0 

Corresponding Societies Com- 
mittee yO 0 0 


£1,104: 6 1 


Mathematical Tables 25 

Seismological Observations... 100 
Abstracts of Physical Papers 100 
Calculation of Certain In- 
tegrals .! 10 

Electrolysis and Electro- 
chemistry 50 

Electrolytic Quantitative Ana- 
lysis 10 

Isomeric Naphtfcnlene Deri- 
vatives 60 

Erratic Blocks 10 

Photographs of Geological 

Interest 15 

Remains of the Irish Elk in 

the Isle of Man 15 

Table at the Zoological Shi- 

tion, Naples 100 

Table at the Biological La- 
boratory, Plymouth 9 ] 

Zoological Bibliography and 

Publication 6 

Index Generum et Specierum 

Animalium 100 

Zoology and Botany' of the 

West India Islands 40 

The Details of Observa- 
tions on the Migration of 

Birds 40 

Climatology of Tropic«il 

Africa.. 20 

Ethnographical Survey 40 

Mental and Physical Condi- 
tion of Children 10 

Silchesrer Excavation 20 

Investigation of Changes as- 
sociated with the Func- 
tional Activity of Nerve 
Cells and their Peripheral 

Extensions 180 

Oysters and Typhoid 30 

Physiological Applications of 

the Phonograph....* 16 

Physiological Effects of Pep- 
tone and its Precursors 20 

Fertilisation in PhasophyeCise 20 
Corresponding Societies Com- 
mittee 25 


£1,069 10 8 


1898. 

Electrical Standards 7B 0 0 

Seismological Observations... 75 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of Certain In- 
tegrals 10 0 0 

Electrolysis and Electro-chem- 
istry 35 0 0 

Meteorological Observatory at 
Montreal 50 0 0 



cxviii 


REPORT — 1901. 


jt’ $. d. ! 


Wave-length Tables of the 

Spectra of the Elements ... 20 0 0 

Action of liight upon Dyed 

Colours 8 0 0 I 

!^rratic Blocks 5 0 0 i 

Investigation of a Coral Reef 40 0 0 , 

Photographs of Geological 

Interest 10 0 0 | 

Life-zones in British Carbon- ■ 

iferous Rocks 15 0 0 | 

Pleistocene Fauna and, Flora 

in Canada 20 0 

Table at the Zoological Sta- 
tion, Naples 100 0 

Table at the Biological La- 
boratory, Plymouth 14 0 

Index Generum et Specicrum 

Animalium 100 0 

Healthy and Unhealthy Oys- 
ters iiO 0 0 I 

Climatology of Tropical Africa 10 0 0 

State Monopolies in other 

Countries 15 0 0 

Small Screw Gauge 20 0 0 

North-Western TObes of 

Canada 75 0 0 

Lake Village at Glastonbury :}7 10 0 

Silchester Excavation 7 10 0 


EthnologicalSurvey of Canada 75 0 0 
Anthropology and Natural 

History of Torres Straits... 125 0 0 
Investigation of Changes asso* 
ciated with the Functional 
Activity of Nerve Cells and 
their Peripheral Extensions 100 0 0 
Fertilisation in Phajopliyceaa 15 0 0 
Corresponding Societies Com- 


mittee 25 0 0 

i;i~^2~ 'o"" b 


1890. I 

Electrical Standards 225 0 0 | 

Seismological Observations... 65 14 8 ' 

Science Abstracts 100 0 0 

Heat of Combination of Metabs 

in Alloys 20 0 0 \ 

Radiation in a Magnetic Field 50 0 0 ; 

Calculation of Certain In- ! 

tegrals 10 0 0 | 

Action of Light upon Dyed j 

Colours 4 19 6 

Relation between Absorption 
Spectra and Constitution of 

Organic Substances 50 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest 10 0 0 

Remains of Irish Elk in the 

Isle of Man 15 0 0 

Pleistocene Flora and Fauna 
in Canada 30 0 0 


£ s. d. 

Records of Disappearing Drift 
Section at Moel Try faen ... 5 0 0 

Ty Newydd Caves 40 0 0 

Ossiferous Caves at Uphill ... 30 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generu'm et Specierum 

Animalium 100 0 0 

Migration of Birds 16 0 0 

Apparatus for Keeping Aqua- 
ticOrganisms under Definite 

Physical Conditions 16 0 0 

Plankton and Physical Con- 
ditions of the English Chan- 
nel during 1899 100 0 0 

Exploration of Sokotra 35 0 0 

Lake Village at Glastonbury 60 0 0 

Silchester Excavation 10 0 0 

EthnologicalSurvey of Canada 35 0 0 
New Edition of * Anthropolo- 
gical Notes and Queries 40 0 0 

Age of Stone Circles 20 0 0 

Physiological Effects of Pep- 
tone 30 0 0 

Electrical Changes accom- 
panying Discharge of Res- 
piratory Centres....; 20 0 0 

Influence of Drugs upon the 

Vascular Nervous System... 10 0 0 

Histological Changes in Nerve 

Cells.*. 20 0 0 

3licro-chemistry of Cells 40 0 0 

Histolpgy of Suprarenal Cap- 
sules 20 0 0 

Comparative Histology of 

Cerebral Cortex 10 0 0 

Fertilisation in Phyicophycero 20 0 0 

Assimilation in Plants 20 0 0 

Zoological and Botanical Pub- 
lication 5 0 0 

Corresponding Societies Com- 
mittee 25 0 0 


£\,m 14 2 


1900. 

Electrical Standards 25 0 0 

Seismological Observations... 60 0 0 
Radiation in a Magnetic field 25 0 0 
Meteorological ObservatoTy at 

Montreal* 20 O' 0 

Tables of Mathematical Func- 
tions 75 0 0 

Relation between Absorption 
Spectra and Constitution 

of Organic Bodies 30 0 0 

Wave-length Tables 5 0 0^ 

Electrolytic Quantitative 

Analysis 5 0 0 



GENERAL STATEMENT. 


CXIX 


£ s. d. 

Isomorphous Sulphonic Deri- 
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Gmrd Meeiinijs. 

On Wednesday, September 11, at 8.30 p.m., in St. Andrews Hall, 
Glasgow, Sir William Turner, K.C.B., F.R.S., resigned the office of 
Pi'csidcnt to Professor A. W. Riicker, D.Sc., Sec. R.S., P.R.S., who took 
the Chair, and delivei'ed an Address, for which see pager 3. 

On Thursday, September 12, at 8.30 p.m., a Soiree took place in the 
City Chambers. 

On Friday, September 13, at 8.30 p.m., in St. Andrew’s Hall, Pro- 
fessor W, Ramsay5 F.R.S., delivered a Discoui’se on ‘The Inert Con- 
stituents of the Atmosphere.’ 

On Monday, September IG, at 8.30 p.m., in St. Andrew’s Hall, 
Mr. Francis Darwin, F.R.S., delivered a Discourse on ‘ The Movements of 
Plants.’ ^ 

On Tuesday, September IJ, at 8.30 p.m., a Soiree t(K)k place in 
the Exhibition Buildings, 

On Wednesday, September 18, at 2.30 p.m., in the University, the con- 
cluding General Meeting took place, when the Pixiceedings of the General 
Committee and the Grants of Money for Scientific Purposes were explained 
to the Members. 

The Meeting was then adjourned to Belfast. [The Meeting is 
appointed to commence on Wednesday, September 10, 1902.] 
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PbofessoeAETHUR W. EUCKER, M.A., LL.U., 
D.Sc., Sec.E.S. 


PRESIDENT. 


ifJuE first thought in the minds of all of us to-night is that since we met 
last year the great Queen, in whose reign nearly all the meetings of the 
British Association have been held, has passed to her test. 

To Sovereigns most honours and dignities come as of right ; but for 
some of them is reserved the supremo honour of an old age softened by 
the love and benedictions of millions ; of a path to the grave, not only 
magnificent, but watered by the tears both of their nearest and dearest, 

Z d of those who, at the most, have only seen them from afar. 

This honour Queen Victoria won. All tlie world knows by what 
gicat abilities, by what patient labour, by what infinite tact and kindli- 
ness, the late Queen gained both the respect of the rulers of nations and 
the aiTection of her own subjects. * 

Her reign, glorious in many respects, was remarkable, outside these 
islands, for the growth of the Empire ; within and without them, for 
the drawing nearer of the Crown and the people in mutual trust; while, 
during her lifetime, the developments of science and of scientific industry 
have altered the habits and the thoughts of the whole civilised world, 
^he representatives of science have already expressed in more formal - 
their so^w at the death of Queen Victoria, and the loyalty and 
confident hope for the future with which they welcome the accession of 
King Edward. But none the less, I feel sure that at this, the first 
meeting of the Byitish Association held in his reign, 1 am only expressing 
the universal opinion of all our members when I say that no group of the 
King’s subj|ct^ trusts more implicitly than we do in the ability, skill, 
lud Judgment which His Majesty has already shown in the exercise of 
1^ powers and duti^ of his august oflBce ; that none sympathiBe more 
.with the sorrows which two great .nations have shared with their 
|overe%ns ; and that none cry with more fervour, ‘ Long live the King ! ’ 
But this Meeting of the British Association is not only remarkable 
he firal; in...arxieiv. reign. It is also the first in a neBL<ewtnr?. 
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It is held in Glasgow at a time when your International Exhibition has 
in a special sense attracted the attention of the world to your city, and. 
when the recent celebration of the ninth jubilee of your University has 
shown how deeply the prosperity of the ]^resent is rooted in the past. 
What wonder, then, if 1 take the Chair to which you have called me with 
some misgivings ? Born and bred in the South, I adi to preside over a 
Meeting held in the largest city of Scotland. , As your chosen moutl^r,. 
piece I am to speak to you of science when we stand at the parting" of 
the centuries, and trhen the achievements of the past and present, and 
the promise of the future, demand an interpreter with gifts of knowledge 
and divination to which I cannot pretend. Lastly, I am President of the 
British Association as a disciple in the home of the master, as a physicist 
in a city which a physicist has made for ever famous. Whatever the 
future may have in store for Glasgow, whether your enterprise is still to 
, add wharf to wharf, factoxy to factory, and street to street, or whether 
some unforeseen ‘ tide in the affairs of men * is to sweep energy and 
success elsewhere, fifty-three years in the history of your city will never 
be forgotten while civilisation lasts. " , ■ 

More than half a century ago, a mere lad was the first to compel the 
British Association to listen to the teaching of Joule, and to accept the 
law of the conservation of energy. Now, alike in the most difficult 
mathematics and in the conception of the most ingenious apparatus, in 
the daring of his speculations and in the soundness of his engineering, 
William Thomson, Lord Kelvin, is regarded as a leader by the science . 
and industry of the whole world. ^ 

It is the less necessary to dwell at length upon all that he has done, ^ 
for Lord Kelvin has not been without honour in his own country. Hsiny 
of us, who meet here, to night, met laot in Glasgow when the University 
and City had invited representatives of all nations to celebrate the Jubilee 
of his professorship. For those two or three days learning was sur- 
rounded with a pomp seldom to be seen outside a palace. The strange 
middle-age costumes of all the chief Universities of the world were 
jostling here, Ihe outward signs that those who were themselves distin- 
guished in the study •of Nature had gathered to do honour to one of the 
most distinguished of them all. , 

Lord Kelvin’s achievements were then described m addresses in every 
tongue, and therefore 1 will only remind you that we, assembled here 
Sp-night, owe him a heavy debt of gratitude ; for the facj that the British 
-^‘^sociation enters on the twentieth century conscioug, of a work to do 
of the vigour to do it is largely due to his constant presence at its 
^%tings and to the support he so ungrudgingly given! We have 

^%med to know not only the work of our great leader, but the man 
^mself V I count myself happy because in his life-long home, under 
>;ihe walls of the University he served so well, and at a Meeting of the 
Association which Ms genius has so often illuminated, 1 am allowed, 
your :^i»^ident^ to assure him in your name of the admiration, 
naiyi flfectio^^ - ^ ' 
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I have already mentioned a number of circumstances which make our 
j^eeting this year noteworthy ; to these I must add that for the first time 
we have a Section for Education, and the importance of this new de- 
parture, due largely to the energy of Professor Armstrong, is emphasised 
by the fact that the Chair, of that Section will be occupied by the 
Vice-President of the Board of Education — Sir John Gdifst. I will not 
attempt to forecast the proceedings of the new Section. Education is 
passing through a transitional stage. The recent debates in Parliament ; 
the great gifts of Mr. Carnegie ; the discussion as to University organisa- 
tion in the^ North of England ; the reconstitution p'.’ the University of 
London ; the increasing importance attached to the application of know- 
ledge both to the investigation of Nature and to the purposes of industiy, 
are all evidence of the growing conviction that without advance in educa- 
tion we cannot retain our position among the nations of the world. If 
the British Association can provide a platform on which these matters 
may be discussed in a scientific but practical spirit, free from the mis- 
' representations of the- hustings and the exaggerations of the partisan, it 
will contribute in no slight measure to the national welfare. 

But amid the old and new activities of our meeting the undertone 
of sadness, which, is never absent from such gatherings, will be painfully 
apparent to many nf us at Glasgow. Our sympathy goes out to the sister 
nation across th^ sea, which is watching by the sick-bed on which the 
President of the United States has been stretched by a coward hand. 
You will, I am sure, be glad to hear that the General Committee has 
already telegraphed, in the name of the Association, to President McKinley 
assuring him of their earnest hopes for his speedy and complete recovery. 
Nearer home the life-work of Professor Tait has ended amid the gloom of 
the war-cloud. A bullet, fired thousands of miles away, struck him to 
the heart, so that in their deaths ^he father and the brave son, whom he 
loved so well, were not long divided. Within the last year, too, America 
has lost Rowland ; Viriamu Jones, who did yeoman’s service for educa- 
tion and for science, has succumbed to a long and painful illness ; and one 
who last year at Bradford seconded the proposal that I should be your 
President at Glasgow, and who would unquestionably have occupied this 
Chair before long had he been spared to do so, has unexpectedly been called 
away. A few months ago we had no reason to doubt that George 
Francis FitzGerald had many years of health and work before him. He . 
had gained, in a remarkable way not only the admiration of the scientific 
world, but thetfifiection of his friends, and we shall miss sadly one whom 
we all cared fisr, and who, we hoped, might yet add largely to the 
ichievementSi which hsA made him famous. 

Ths f^eience of the Nineteenth Century. 

,, Turning from these sad thoughts to the retrospect of the centuiy 
which has so latelv AndAd. T bAVA fmmd it tA Via imnoaaiblA tn frAA mvaAlf 



ihe moment and were deiGnral^ 

to look backward f]^ staOdpOint of to-daj^ ; 

: ago Sir Michael Foster dealt with the work of the centpiry ; 

Last year Sir William Turner discussed in greater de^it 
Jbhe growth of a singly branch of science. A third and humbler i^k 
" remains, viz.. t& fix our attention on some of the hypotheses and assump* ' 
. tions on which the fabric of modern theoretical science (ias been built, and 
to inquire whether the foundations have been ^o ‘ well and truly ^ ia^di^ 
that they may be trusted to sustain the mighty superstructure which iflf 
being raised upon tjaem. , 

The moment is opportune. The three chief conceptions which for mtoy 
years have dominated physical as distinct from biological science have 
been the theories of the existence of atoms, of the mechanical nature of 
heat, and of the existence of the ether. 

Dalton’s atomic theory was first given to the world by a Glasgow pro- 
fessor —Thomas Thomson— in the year 1807, Dalton having communicated 
it to him in 1804. Rumford’s and Davy’s experiments on the nature 
of heat were published in 1798 and 1799 respectively ; and the cele- 
brated Bakerian Lecture, in which Thomas Young established the 
undulatory theory by explaining the interference of light, appeared in 
the ‘Philosophical Transactions ’ in 1801. The keynotes of the physical 
science of the nineteenth century were thus struck, as the century began, 
by four of our fellow-countrymen, one of whom— Sir Benjamin Thompson, 
Count Rumford— preferred exile from the ‘land of his birth to the loss of 

his birthright as a British citizen. * 

« 

« 

Doubts as to Scientific Theories, 

It is well known that of late doubts have arisen as to whether the 
atomic theory, with which the mechanical theory of heat is closely bound 
up, and the theory of the existence of an ether have not •served their 
purpose, and whether the time has not come to reconsider them. 

The facts that Professor Poincare, addressing a congress of physicists 
n Paris, and Professor Poynting, addressing the Physical Section of the 
Association, have recently discussed the true meaning of our scientific 
methods of interpretation ; that Dr. James Ward has lately delivered an 
attack of great power on many positions which eminent scientific men 
have occupied ; and that the approaching end of the nineteenth century 
led Professor Haeckel to define in a more popular manner his own very 
definite views as to the solution of the ‘ Riddle of the^ Universe,^ ar^ 
perhaps a sufficient justification of an attempt to l^y before jou the diffi- 
culties which surround some of these questions. 

To keep the discussion within reasonable limits I shall illusi/rate the 
pritociples under review by means of the atomic theory, with compara- 
tively little referetice to the ether, and we may also at first confine Dur 
attention to inanimate objects. 



' JtttOttBSSSI. 

a Model of NtUure. 

A natural phit^pber, ^^ the bid phrase, even if only possessed of 
the most superficial knowledge, would attempt to bring some order into 
the iwsults <^h^ Nature by grouping together statements 

with regard to ^phenomena which are obviously related. The aim of 
modern spience goes far beyond this. It not only shows that many 
phenomena are related which at first sight* have little or nothing in 
common, but, in sb doing, also attempts to explain the relationship. 

Without spending time on a discussion of the mining of the word 
< explanation/ it is sufficient te say that our efforts to establish relation- 
ships between phenomena often teke the form of attempting to prove 
that, if a limited number of assumptions are granted as to the constitu- 
tion of matter, or as to the existence of quasi-material entities, such as 
caloric, electricity, and the ether, a wide range of observed facts falls into 
order as a necessary consequence of the assumptions. The question at 
issue is whether the hypotheses which are at the base of the scientific 
theories now most generally accepted are to be regarded as accurate 
descriptions of the constitution of the universe around us, or merely as 
convenient fictions. 

Convenient fictions be it observed, for even if they are fictions they 
are not useless. From the practical point of view it is a matter of 
secondary importance whether our theories and assumptions are correct, 
if only they guide us . to results which are in . accord with facts. The 
whole fabric of scientific thewiy may be regarded merely as a gigantic 
‘ aid to memory ' ; as a means for producing apparent order out of dis- 
order by codifying the observed facts and laws in accordance with an 
artificial system, q.nd thus arranging our knowledge under a comparatively 
small number of heads. The simplification introduced by a scheme which, 
however imperfect it may be, enables us to argue from a few first principles, 
makes theories of practical use. By means of them we can foresee the 
results of combinations of causes which would otherwise elude us. We 
can predict future events, and can^ven attempt to argue back from the 
present to the unknown past. 

^ But it is possible that these advantages might i)e attained by means 
of axioms, assumptions, and theories based on very false ideas. A 
person who thought that a river was really a stfeak of blue paint 
night learn as much about its direction from a map as one who knew 
^t as it is. It is thus conceivable that we might be able, not indeed 
:o construct, but to imagine, something more than a mere map or 
liSrgram, something vdiich might even be called a working model of 
nanimate objects, which was nevertheless very unlike the realities of 
mature. Of course, the agreement between the action of the ‘ model and 
he behaviour of the things it was designed to represent would probably 
unless the one were a facsimile of the other ; but it is con- 
eivable tbat the; correlation of natural phenomena could be iihitated, 



8 


REPORT — 1901. 


with a. large measure of su(^cess, by means of an imaginary maohinei 
which shared with a map or diagram the characteristic that it was in 
many ways unlike the things it represented, but might be compared to a 
model in that the behariour of the things represented could be predicted 
from that of the^ corresponding parts of the machine. 

We might even go a step further. If the laws of th^ working of the 
model could be expressed by abstractions, as, for example, by mathe- 
matical formulse, then, when the formulae were obtained, the model ' 
might be discarded, as probably unlike that which it was made to imitate, 
as a mere aid in the^construction of equations, to be thrown aside when 
the perfect structure of mathematical symbols was erected. 

If this course were adopted we should have given up the attempt to 
know more of the nature of the objects which surround us than can be 
gained by direct observation, but might nevertheless have learned how 
these objects would behave under given circumstances. 

We should have abandoned the hope of a physical explanation of the 
properties of inanimate Nature, but should have secured a mathematical 
description of her operations. 

There is no doubt that this is the easiest path to follow. Criticism is 
avoided if we admit from the first that we cannot go below the surface ; 
cannot know anything about the constitution of material bodies; but 
must be content with formulating a description of their behaviour by 
means of laws of Nature expressed by equations. 

But if this is to be the end of the study of Nature, it is evident that 
the construction of the model is not an essential part of the process. 
The model is used merely as an aid to thinking ; and if the relation of 
phenomena can be investigated without it, so much the better. The 
highest form of theory — it piay be said — the widest kind of generalisa- 
tion, is that which has given up the at^mpt to form clear mental pic- 
tures of the constitution of matter, which expresses the facts and the 
laws by language and symbols which lead to results that are true, what- 
ever be our view as to the real nature of the objects with which we deal. 
From this point of view the atomic theory becomes not so much false as 
unnecessary ; it may be regarded as an attempt to give an unnatural 
precision to i^as which are and must be vague. 

Thus, when Rumford found that the mere friction of metals produced 
heat in unlimited quantity, and argued that heat was therefore a mode of 
motion, he formed a clear mental picture of what he believed to be occur- 
ring. But his experiments may be quoted as proving only that energy 
can be supplied to a body in indefinite quantity, and that* when supplied 
by doing work against friction it appears in the form of heat. 

By using this phraseology we exchange a vivid conception of moving 
atoms for a colourless statement as to heat energy, the real nature of 
which we do not attempt to define ; and methods which thus evade the 
problem of the nature of the things which the symbols in our equa^ns 
represent |iaye been prosecuted with striking success, at al} everi^i- 
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within the range of a limited class of phenomena. A great school of 
chemists, building upon the thermodynamics of Willard Gibbs and the 
ntuition of Van ’t Hoff, have shown with wonderful skill that, if a 
efficient number of the data of experiment are assumed, it is possible, 
by the aid of thermodynamics, to trace the form of the r^fations between 
many physical a:^d chemical phenomena without the help of the atomic 
theory. 

* But this method deals only with matter as our coarse senses know it ; 
it does not pretend to penetrate beneath the surface. 

It is therefore with the greatest respect for its authors, and with a 
full recognition of the enormous power of the weapons employed, that 1 
venture to assert that the exposition of such a system of- tactics cannot be 
regarded as the last word of science in the struggle for the truth. 

Whether we grapple with them, or whether we shirk them ; however 
much 'Or however little we can accomplish without answering them, the 
questions still force themselves upon us : Is matter what it seems to be ? 
Is interplanetary space full or empty ? Can we argue back from the 
direct impressions of our senses to things which we cannot directly per- 
ceive ; from the phenomena displayed by matter to the constitution of 
matter itself ? 

It is these questions which we are discussing to-night, and we may 
therefore, as far as the present address is concerned, put aside, once for 
all, methods of scientific exposition in which an attempt to form a mental 
picture of the constitution of matter is practically abandoned, and devote 
ourselves, to the inquiries whether the effort to form such a picture is 
legitimate, and whether we have any reason to believe that the sketch 
which science has already drawn is to some extent a copy, and not a mere 
diagram, of the truth. 

Successive Steps vn uie Analysis of Matter* 

In dealing, then, with the question of the constitution of matter and 
the possibility of representing it accurately, we may grant at once that 
the ultimate nature of things is, and must remain, unknoyrn ; but it does 
)t follow that immediately below the complexities of the superficial 
lenomena which affect our senses there may not be a simpler'machinery 
: the existence of which we can obtain evidence, indirect indeed but 
)nclusive. 

The fact that the apparent unity which we call the atmosphere can be 
solved into amumber of different gases is admitted ; though the ultimate 
a.ture of oxygen, nitrogen, argon, carbonic acid, and water vapour is as 
aintelligibl^ as that of air as a whole, so that the analysis of air, taken 
y itself, may be said to have substitute many incomprehensibles for one. 

Nobody, however, looks at the question frOm this point of view. It 
( ^cognised that an investigation into the proximate constitution of 
^gs may be useful and successful, even if their ultimate nature is 
Byond our ken, 
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Nor need the analysis stop at the fii’st stop. Water vapour and car- 
bonic acid, themselves constituents of the atmosphere, are in turn re.solved 
into tlieir elements hydrogen, oxygen, and carbon, which, without a 
formal discussion of the criteria of reality, we may safely say are as real 
as air itself. r 

♦ 

Now, at what point must this analysis stop if we arc to avoid crossing 
the boundary between fact and fiction ? Is there any fundamental differ- 
ence between resoh'iiig air into a mixture of 'gases and resolving an 
elementary gas into a mixture of atoms and ether ? 

There are those who cry Ijalt ! at the point at which we divide a gas 
into molecules, and their lirst objection seems to ho that molecules and 
atoms cannot bo directly perceived, cannot he seen or handled, arid are 
mere conceptions, which have their u.ses, but cannot be regarded as 
realities. 

Tt is easiest to reply to lliis objection by an illustration. 

The rings of Saturn appear to be continuous masses separated by 
circular rifts. This is the phenomenon which is observed through a tele- 
scope. By no known means can we ever approach or handle the rings ; 
"'ygt everybody who understands the evidence now believes that they are 
not what they appear to be, but consist of minute moonlets, closely packed 
indeed, but separate the one from the other. 

In the first place Maxwell proved mathematically that if a Saturnian 
ring were a continuous solid or fluid mass it would be unstable and would 
necessarily break into fragments. In the next place, if it were possible for 
the ring to revolve like a solid body, the inmost parts would move slowest, ' 
while a satellite moves faster the nearer it is to a planet. Now spectro- 
scopic observation, based on the beautiful method of Sir W. Huggins, 
show.«? not only that the inner portions of the ring move the more 
rapidly, but that the actual velocities of the outer and inner edges are 
in close accord with the theoretical velocities of satellites at like distances 
from the planet. 

This and a hundred similar cases prove that it i.s possible to obtain 
convincing evidence of the constitution of bodies between whose separate 
parts we cannot directly distinguish, and I take it that a physicist who 
believes in tlie reality of atoms thinks that he has as good reason for 
dividing an apparently continuous gas into molecules as ho has for dividing . 
the apparently continuous Saturnian rings into satellites. If he is wrong 
it is not the fact that molecules and satellites alike cannot be handled 
and cannot be seen as individuals, that constitutes the diif(y.'cnce between 
the two cases. ^ ^ 

It may, however, be urged that atoms and the ether are alleged to have 
properties different from those of matter in bulk, of which alone our senses 
take direct cognisance, and that therefore it is impossible to prove their, 
existence by evidence of the .same cogency as that which may prove the 
existence of a newly discovered variety of matter or of a portion of matter 
too small or too distant to be seen. 
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This point is so important that it requires full discussion, hut in 
dealing with it, it is necessary to distinguish carefully between the validity 
of the arguments which support the earlier and more fundamental pro- 
positions of the theory, and the evidence brought forward to justify mere 
speculative applications of its doctrines which might be abandoned 
without discarding the theory itself. The proof of the theory must bo 
carried out stepljy step. 

Tho first step is cjiicerned wholly with some of the most general 
properties of matter, and consists in the proof ^at those properties are 
either absolutely unintelligible, or that, in the case ot matter of all kinds, 
we are subject to an illusion similar to that the results of which we 
admit in the case of Saturn’s rings, cloyds, smoke, and a number of 
similar instances. The believer in the atomic*' theory asserts that matter 
exists in a particular state , that it consists of parts which are separate 
and distinct the one from the other, and as such arc capable of indepen- 
dent movements. 

Up to this point no question arises as to whether the separate parts 
are, like grains of sand, mere fragments of matter ; or whether, though 
they are tho bricks of which matter is built, they have, as individuals, ' 
properties different from those of masses of matter large enough to be 
directly perceived: If they are mere fragments of ordinary matter, they 
cannot be used as aids in explaining those qualities of matter which they 
themselves share. 

W e cannot explain things by the things themselves. If it be true 
that the properties of matter«are the product of an underlying machinery, 
that machinery cannot itself have the properties which it produces, and 
must, to that extent at all events, differ from matter in bulk as it is 
directly presented to the senses. 

If, however, we can succeed in showing that if the separate parts have 
a limited number of properties (different, it may be, from those of matter 
in bulk), the many and complicated properties of matter can be explained, 
to a considerable extent, as consequences of tho constitution of these 
separate parts ; wo shall have succeeded in establishing, with regard to 
quantitative properties, a simplification similar to that which the chemist 
has established with regard to varieties of matter.* The many will have 
been reduced to the few. 

The proofs of the physical reality of the entities discovered by means 
of the two analyses must necessarily be different. The chemist can 
actually produce the elementary constituents into which he has resolved 
a compound mass. No physicist or cJiemist can produce a single atom 
separated from all its fellows, and show that it possesses the elementary 
qualities he assigns to it. The cogency of the evidence for any 
suggested constitution of atoms must vary with the number of facts 
which the hypothesis that they possess that constitution explains. 

I^t us take, then, two steps in their proper order, and inquire, first, 



12 


REPORT — 1901. 


whether there is valid ground for believing that all matter is made up of 
discrete parts ; and secondly, whether we can have any knowledge of the 
constitution or properties which those parts possess. 

I The Coarse-grahvedness of Matter, 

Matter in bulk appears to be continuous. Such substances as water 
or air appear to the ordinary observer to be perfectly uniform in all their 
properties and qualities, in all their parts. 

The hasty conclusion that these bodies are really uniform is, never- 
theless, unthinkable. • 

In the first place the phenomena of diffusion afford concltisive proof 
that matter when apparently' quiescent is in fact in a state of internal 
commotion. I need; not recapitulate the familiar evidence to prove that 
gases ^^ftd ynany liquids when placed in communication interpenetrate or 
difius'e into each other ; or that air, in contact with a surface of water, 
gradually becomes laden with water vapour, while the atmospheric gases 
in turn mingle with the water. Such phenomena are not exhibited by 
liquids and gases alone, nor by solids at high temperatures only. Sir W. 
Roberts Austen has placed pieces of gold and lead in contact at a tem- 
perature of 18® C. After four years the gold had travelled into the lead 
to such an extent that not only were the two metals united, but, on 
analysis, appreciable quantities of the gold were detected even at a dis- 
tance of more than 5 millimetres from the common surface,, while within a 
distance of three-quarters of a millimetre^, f rom the surface gold had 
penetrated into the lead to the extent of 1 oz. 6 dwts. per ton, an amount 
which could have been profitably extracted. 

Whether it is or is not possible to devise any other intelligible account 
of the cause of such phenomena, it is certain that a simple and adequate 
explanation is found in the hypothesis that matter consists of discrete 
parts in a state of motion, which can penetrate into the spaces between 
the corresponding parts of surrounding bodies. 

The hypothesis thus framed is also the only one which affords a rational 
explanation of other simple and well known facts. If matter is regarded 
as a continuous medium the phenomena of expansion are unintelligible. 
There is, apparently, no limit to the expansion of matter, or, to fix our 
attention on one kind of matter, let us say to the expansion of a gas ; but 
it is inconceivable that a continuous material which fills or is present in 
every part of a given space could also be present in eveiy^art of a space 
a million times as great. Such a statement might be m(^e of a mathe- 
matical abstraction ; it cannot be true of any real substai^ce or thing. 
If, however, matter consists of discrete particles, separated from each 
other either by empty space or by something different from themselves, 
we can at once understand that expansion and contraction may be nothing 
more than the mutual separation or approach of these particles. 

Again, no clear mental picture can be formed of the phenomena of 
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heat unless we suppose that heat is a mode of motion. In the words of 
^ Rumford, it is ‘ extremely difficult, if not quite impossible, to form any 
distinct idea of anything capable of being excited and communicated in 
the manner the heat was excited and communicated in [his] experiment 
[on friction] except it be motion.’ * And if heat be motibn there can be 
no doubt that i^is the fundamental particles of matter which arc moving. 
For the motion is not visible, is not motion of the body as a whole, while 
diffusion, which is a movement of matter, goes on more quickly as the 
temperature nses, thereby proving that the internalnnotions have become 
more rapid, which is exactly the result which would follow if these were 
the movements which constitute sensible heat. 

Combining, then, the phenomena of diffusion, expansion, and heat, it is 
not too much to say that no hypotheses wliich make them intelligible have 
ever been framed other than those which are at the basis of the atomic 
theory. 

Other considerations also point to the same conclusion. JMaiiy years 
ago Lord Kelvin gave independent arguments, based on the proper- 
ties of gases, on the constitution of the surfaces of liquids, and on the 
electric properties of metals, all of which indicate that matter is, to use 
his own phrase, .coarse-grained — that it is not identical in constitution 
throughout, but that adjacent minute parts are distinguishable from each 
other by being either of different natures or in different states. 

And her^ it is necessary to insist that all these fundamental proofs 
are independent of the n^^ure of the particles or granules into which 
matter must be divided. 

The particles, for instance, need not be different in kind from the 
medium which surrounds and separates them. It would suffice if they 
were what may be called singular parts of the medium itself, differing 
from the rest only in some peculiar state of internal motion or of distor 
tion, or by being in some other way earmarked as distinct individuals. 
The view that the constitution of matter is atomic may and does receive 
support from theories in which definite assumptions are made as to the 
constitution of the atoms ; but when, as is often the case, these assump- 
f tions introduce new and «Qore recondite difficulties, it must be remem- 
bered that the fundamental hypothesis — that matter consists of discrete 
parts, capable of independent motions — is forced upon us by facts and 
arguments which are altogether independent of what the nature and 
properties of^these separate parts may be. 

As a mat^er*of history the two theories, which are not by any means 
mutually exclusive, that atoms are particles which can be treated as dis- 
tinct in kind froih the medium which surrounds them, and that they are 
parts of that medium existing in a special state, have both played a large 
part in the theoretical development of the atomic hypothesis. The atoms 
of Waterston, Clausius, and « Maxwell were particles. The vortex-atoms 

* JPMI, Trans,t X798, p. 99. 
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of Lord Kelvin, and the strain-atoms (if I may call them so) suggested 
by Mr. Larnior, arc slates of a primary medium which constitutes a 
physical connection between them, and through which their mutual 
actions arise and are transmitted. 

Projjerties of the Basis of Matter. 

It is easy to show that, whichever alternative be adopted, we are 
dealing with something, whether we consider it under the guise of sepa- 
rate particles or of ^iliiferentiated portions of the medium, which has 
properties different from those of matter in bulk. 

For if the bas^is of matter had the same constitution as matter, the 
irregular heat movements could hardly be maintained either against the 
viscosity of the medium or the frittering away of energy of motion which 
would occur during the collisions between the particles. Thus, even in 
the case in which a hot body is prevented from losing heat to surrounding 
objects, its sensible heat should spontaneously decay by a process of self- 
cooling. No such phenomenon is known, and though on this, as on all other 
points, the limits of our knowledge are fixed by the uncertainty of experi- 
ment, we are compelled to admit that, to all appearance, the fundamental 
medium, if it exists, is unlike a material medium, in that it is non- viscous ; 
and that the particles, if they exist, are so constituted that energy is not 
frittered away when they collide. In either case, we are dealing with 
something different from matter itself in the sense that, thosigh it is the 
basis of matter, it is not identical in all its pr^^^perties with matter. 

The idea, therefore, that entities exist possessing properties different 
from those of matter in bulk is not introduced at the end of a long and 
recondite investigation to explain facts with which none but experts are 
acquainted. It is forced upon us at tlie^very threshold of our study of 
Nature. Either the properties of matter in bulk cannot be referred to 
any simpler structure, or that simpler structure must have properties 
diflerent from those of matter in bulk as we directly knew it — properties 
which can only be inferred from the results which they produce. 

No a priori argument against the possibility of our discovering the 
existence of quasi-material substances, which %ire nevertheless different 
from matter, can prove the negative proposition that such substances 
cannot exist. It is not a self-evident truth that no substance other than 
ordinary matter can have an existence as real as that of matter itself. 
It is not axiomatic that matter cannot be composed of part(H whose pro- 
perties are different from those of the whole. To assert <.that even if 
such substances and such parts exist no evidence however cqgent could 
convince jis of their existence is to beg the whole question at issue ; to 
decide the cause before it has been heard. , 

We must therefore adhere to the standpoint adopted by most scientific 
men, viz., that the question of the existence of ultra-physical entities, 
such as atoxhs and the ether, is to be settled by the evidence, and must not 
be ruled oujyj |a i nadmissible on a jpriori grounds. 
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On the other hand, it is impossible to deny that, i£ the mere entry on 
the search for the concealed causes of physical phenomena is not a tres- 
pass or: ground we have no right to explore, it is at all events the 
beginning of a dangerous jourruiy. 

The wraiths of phlogiston, caloric, luminiferous col^puscles, and a 
jrowd of other phantoms haunt the investigator, and as the grim host 
vranishcs into nothingness he cannot but wonder if his own conceptions of 
itoms and of the ether 

‘ shall dissolve, >v, 

And, like this insubstantial iJiigeant faded, 

Leave not a wrack behind.’ 

But though science, like Bunyan’s hero, has sometimes Jiad to pass 
bhrougli the * Valley of Humiliation,’ the spectres which meet it there 
are not formidable if they arc boldly faced. The facts that mistakes 
have been made, that theories have been propounded, and for a time 
accepted, which later investigations have disproved, do not necessarily 
iiscredit the method adopted. In scientific theories, as in the world 
around us, there is a survival of the fittest, and Dr. James Ward’s 
ansympathetic account of the blunders of those whose work has shed 
I'lory on the nineteenth century, might viutatis mutandis stand for a 
description of the history of the advance of civilisation. ‘ The story of 
the progress so far,’ he tells us, ‘is briefly this : Divergence between 
theory and fact one part of the way, the wreckage of abandoned fictions 
for the rest, with an unattainable goal of phenomenal nihilism and ultra- 
physical mechanism beyond.’ * 

‘ The path of progress,’ says Professor Karl Pearson, ‘ is strewn .with 
die wreck of nations. Traces are^e very where to be seen of the hecatombs 
)f inferior races, and df victims who found not t.he narrow way to the 
greater perfection. Ycti these de^id peoples arc, in very truth, the. step- 

f ing- stones on which mankind has arisen to the higher intellectual and 
eeper emotional life of to-day.’ - 

It is only necessary to add that the. progress of society is directed 
iowards an unattainable goal of universal coiiteiitinent, to make the 
Parallel complete. " * 

And so, in the one case as in the other, we may leave ‘ the dead to 
)ury their dead.’ The question before us is not whether we too may not 
)e trusting to false ideas, erroneous experiments, evanescen^ theories. 

doubt we are ; but, without making an insolent claim to be better 
han^ bur fatbeit, we may fairly contend that, amid much that is uncertain 
ind temporasy, some of the fundamental conceptions, some of tlie root- 
deas of science, are so grounded on reason and fact that we cannot 
3Ut regard them as an aspect of the very truth. 

Enough has, perhaps, now been said on this point for ‘my immediate 

* James Ward, NaturaMvm <md Agnosticism ^ vol. i. p. 153. 

* Karl Peaxson J^atAovuii Life from the Standpoint of ScienoCt p* 62. 



REPORT — 1901. 


purpose. The argument as to the constitution of matter could be de> 
veloped further in the manner I have hitherto adopted, viz., by a series of 
propositions, the proof of each of which is phased upon a few crucial 
phenomena. In particular, if matter is divided into moving granules or 
particles, the p^ienonienon of cohesion proves that there must be mutual 
actions between them analogous to those which take place between large 
masses of matter, and which we ascribe to force, thereby indicating the 
regular, unvarying operation of active machinery which we have not yet' 
the means of adeqi^^tely understanding. For the moment, I do not wish 
to extend the line of reasoning that has been followed. My main object 
is to show that the notion of the existence of ultra- physical entities 
and the leading outlines of the atomic theory are forced upon us at the 
beginning of our study of Nature, not only by a priori considerations, 
but in the attempt to comprehend the results of even the simplest 
observation. These outlines cannot be effaced by the difficulties 
which undoubtedly arise in filling up the picture. The cogency of 
the proof that matter is coarse-grained is in no way affected by the 
fact that we may have grave doubts as to the nature of the granules. 
Nay, it is of the first importance to recognise that, though the funda- 
mental assumptions of the atomic theory receive overwhelming support 
from a number of more detailed arguments, they are tliemselves almost of 
the nature of axioms, in that the simplest phenomena are unintelligible if 
they are abandoned. 


7%e Range of the Atomic Theory. 

Tt would be most unfair, however, to the atomic theory to represent 
it as depending on one line of reasoning only, or to treat its evidence 
as bounded by the very general propositions I have discussed. 

It is true that as the range of the theory is extended the fundamental 
conception that mat ter is granular must be expanded and filled in by 
supplementary hypotheses as to the constitution of the granules. It may 
also be admitted that no complete or wholly satisfactory description of 
that constitution can as yet ber given ; that perfection has not yet been 
attained here or in an^ other branch of science ; but the number of facts 
which can be accounted for by the theory is very large compared with the 
number of additional hypotheses which are introduced ; and the cumula- 
tive weight of the additional evidence obtained by the study of details 
is such as»to add greatly to the strength of the conviction that, in its 
leading outlines, the theory is true. ^ 

It was originally suggested by the facts of chemistry^ and though, as 
we have seen, a school of chemists now thrusts it into the background, it 
is none the less true, in the words of Dr. ThorpOi, that ^ every great 
advance in chemical knowledge during the last ninety years finds its 
interpretation in [Dalton’s] theory.’ ^ 

The principal mechanical and thermal properties of gases have been 

Thorpe, on Higtorieai ChOmUtty^ 1894, p. 368. 
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explained, and in large part discovered, by the aid of the atomic theory ; 
and, though there are outstanding difficulties, they are, for the most part, 
related to the nature of the atoms and molecules, and do not affect the 
question as to whether they eXi&t. 

The fact that different kinds of light all travel at the same speed iii 
interplanetary spr.ee, while they move at different rates in matter, is 
explained if matter is coarse-grained. But to attempt to sum up all 
this evidence would be to recite a text-book on physics. It must suffice 
to say that it is enormous in extent and varied in v.hci,]ie!.cter, and that the 
atomic theory imparts a unity to all the physical sciences which has been 
attained in no other way. 

I must, however, give a couple of instances of the wonderful success 
which has been achieved in the explanation of physical phenomena by the 
theory we are considering, and I select them because they are in harmony 
with the line of argument I have been pursuing. 

When a piece of iron is magnetised its behaviour is different according 
;as the magnetic force applied to it is weak, moderate, or strong. When 
- a certain limit is passed the iron behaves as a non-magnetic substance to 
all further additions of magnetic force. With strong forces it does and 
with very weak forces it does not remain magnetised when the force 
ceases to act. Professor Ewing has imitated all the minute details of 
these complicated properties by an arrangement of small isolated compass 
needles to represent the molecules. It may fairly be said that as far as 
this particular set of phenomena is concerned a most instructive working 
model based on the molecular theory has not only been imagined but 
constructed. 

The next illustration is no less striking. We may liken a crowd of 
molecules to a fog ; but while th# fog is admitted by everybody to be 
made up of separate globules of water, the critics of scientific m*ethod are 
sometimes apt to regard the molecules as mere fictions of the imagination. 
If, however, we could throw the molecules of a highly rarefied gas into 
such a state that vapour condensed on them, so that each became the 
. centre of a water-drop, till the Tiost of invisible molecules was, as it 
^were, magnified by accretion into a visible mist, surqjy no stronger proof 
?o^‘ their reality could be desired. Yet there is every reason to believe 
^hat something very like this has been accomplished by Mr. C. T. R. 
Wilson and Professor J, J. Thomson. 

It is known that it is comparatively difficult to produce a fog in damp 
f the mixtu:^ consists of air and water- vapour alone. The presence 
irticles of vefy fine dust facilitates the process. It is evident that the 
mr condeniies on the dust particles and that a nucleus of some kind is 
ssary on which each drop may form. But electrified particles also 
as nuclei ; for if a highly charged body from which electricity is 
ping be placed near a steam jet, the steam condenses ; and a cloud is 
formed in dust- free air more easily than would otherwise be the case 
is discharged into it. 
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Again, according to accepted theory, when a current of electricity 
flows through a gas some of the atpms are divided into parts which 
carry positive and negative charges as they move in opposite directions, 
and unless this breaking-up occurs a gas does not conduct electricity. 
But a gas can be made a conductor merely by allowing the Bdntgen rays 
or the radiation given off by uranium to fall upon it. A careful study of 
the facts shows that it is probable that some of the atoms have been 
broken up by the radiation, and that their oppositely electrified parts are" 
scattered among l^heir unaltered fellows. Such a gas is said to be 
ionised. 

Thus by these two distinct lines of argument we come to the conclu- 
sions : — 1st, that the presence of electrified particles promotes the forma- 
tion of mist, and 2nd, that in an ionised gas such electrified particles are 
provided by the breaking up of atoms. 

The two conclusions will mutually support each other if it can be 
shown that a mist is easily formed in ionised air. This was tested by 
Mr. Wilson, who showed that in such air mist is formed as though nuclei 
were present, and thus in the cloud we have visible evidence of the 
presence of the divided atoms. If then we cannot handle the indi- 
vidual molecules we have at least some reason to believe that a method 
is known of seizing individuals, or parts of individuals, which are in a 
special state, and of wrapping other matter round them till each one is 
the centre of a discrete particle of a visible fog. 

I have purposely chosen this illustration, because the explanation is 
based on a theory — that of ionisation — which is at present subjected to 
hostile criticism. It assumes that an electrical current is nothing more 
than the movement of charges of electricity. But magnets placed near 
to an electric current tend to set thevnselves at right angles to its direc- 
tion ; a fact on which the construction of telegraphic instruments is based. 
Hence if the theory be true, a similar effect ought to be produced by a 
moving charge of electricity. This experiment was tried many years ago 
in the laboratory of Helmholtz by Howland, who caused a charged disc 
to spin rapidly near a magnet. The result was in accord with the theory ; 
the magnet moved as » hough acted upon by an electric current. Of late, 
however, M. Cr<5mieu has investigated the matter afresh, and has obtained 
results which, according to his interpretation, were inconsistent with that 
of Rtiwland. 

M. Crdmieu’s results are already the subject of controversy,' and are, 

I believe, likely to be discussed in the Section of Physicsi This is not the 
occasion to enter upon a critical discussion of the question at issue, „and I 
refer to it only to point out that though, if M. Crdmidh’s result were 
upheld, our views as to electricity would have to be modified, the fouuda- 
tions of the atomic theory would not be shaken. 

■ See July 1901i p. 144 ; and Johnt SopHnt Ohivertity Olrovlars, 

XX. No. 1#2, May-Jnne 1901, p. 78. 
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It iS| however, from the theory of ions that the most far-reaching 
speculations of science have recently received unexpected support. The 
dream that matter of all kinds will some day be proved to be funda- 
mentally the same has survived many shocks. The opinion is consistent 
with the great generalisation that the properties of^. elements are a 
periodic functioji of their atomic weights. Sir Norman Lockycr lias 
long been a prominent exponent of the view that the spectra of the 
stars indicate the redii'i tion of our so-called elements to simpler forms, 
and now Professor J. J. Thomson believes that we can break off from an 
atom a part, the mass of which is not more than offe thousandth of the 
whole, and that these corpuscles, as he has named them, are the carriers 
of the negative charge in an electric current. If atoms are thus 
complex, not only is the a ^priori probability increased that the different 
structures which we call elements may all be built of similar bricks, but 
the discovery by Lenard that the ease with which the corpuscles 
penetrate different bodies depends only on the density of the obstacles, 
and not on their chemical constitution, is held by Professor Thomson to 
be ‘a strong confirmation of the view that the atoms of the elementary 
substances are made up of simpler parts, all of which art^ alike.’ ' On 
the present occasion, however, we are occupied rather with t he foundations 
than with these ultimate ramifications of the atomic theory ; and having 
shown how wide its range is, I must, to a certain extent, retrace my steps 
and return to the main line of my argument. 

• 

The Properties of Atoms and Molecules, 

For if it bo granted that the evidence that matter is coarse-grained 
and is formed of separate atoms |ind molecules is too strong to be resisted, 
it may still be contended that we can know little or nothing of the sizes 
and properties of the molecules. 

It must be admitted that though the fundamental postulates are 
always the same, different aspects of the theory, which have not in all 
3ases been successfully combined, have to be developed when it is applied 
bo different problems ; but in spite of this there is little doubt that we 
have some fairly accurate knowledge of moleculifr motions and magni- 
budes. 

If a liquid is stretched into a very thin film, such as a soap bubble, 
«ve should expect indications of a change in its properties when the 
thickness of tke film is not a very large multiple of the average distance 
between two fteighbouring molecules. In 1890 Sohneke - detected evi- 
lence of suck a change in films of the average thickness of 106 millionths 

* 

* For the most recent account of this subject see an article on * Bodies smaller 

bhan Atoms,* by Professor J. J. Thomson in the Popular Science Monthly (The 
Science Press), August 1901. * 

* Wied, Ann,, 1890, xl. pp. 946-956, 
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of a millimetre (/i/li), and quite recently Budolph Weber found it in an 
oil-film when the thickness was 115 

Taking the mean of these numbers and combining the results of 
different variants of the theory we may conclude that a film should 
become unstable and tend to rupture spontaneously somewhere between 
the thicknesses of 110 and 55 /u/u, and Professor Reinold and I found 
by experiment that this instability is actually exhibited between the 
thicknesses of 96 and 45 There can therefore be little doubt that 
the first approach to molecular magnitudes is signalled when the thick- 
ness of a film is somett^at less than 100 or 4 millionths of an inch. 

Thirteen years ago I had the honour of laying before the Chemical 
Society a r^sumd of what was then known on these subjects,^ and I must 
refer to that lecture or to .the most recent edition of O. E. Meyer’s work 
on the kinetic thbory of gases ^ for the evidence that various independent 
lines of argument enable us to estimate quantities very much less than 
4 millionths of an inch, which is perhaps from 500 to 1,000 times greater 
than the magnitude which, in the present state of our knowledge, we can 
best describe as the diameter of a molecule. 

Confining our attention, however, to the larger quantities, I will 
give one example to show how strong is the cumulative force of the 
evidence as to our knowledge of the magnitudes of molecular quantities. 

We have every reason to believe tliat though the molecules in a gas 
frequently collide with each other, yet in the case of the more perfect 
gases the time occupied in collisions is small coniparcd witli tliat in which 
each molecule travels undisturbed by its fellows. The average distance 
travelled between two successive encounters is called the mean free path, 
and, for the reason just given, the question of the magnitude of this 
distance can be attacked without any precise knowledge of what a mole- 
cule is, or of what happens during an eticounter. 

Thus the mean free path can be determined, by the aid of the theory, 
either from the viscosity of the gas or from the thermal conductivity. 
Using figures given in the latest work on the subject, and dealing with 
one gas only, as a fair sample of the rest, the lengths of the mean free 
path of hydrogen as determined by these two independent methods differ 
only by about 3 per cent. Further, the mean of the values which I 
gave in the lecture already referred to differed only by about 6 per 
cent, from the best modem result, so that no great change has been intro- 
duced during the last thirteen years. 

It may, however, be argued that these concordant values are all 
obtained by means of the same theory, and that a common error may 
affect them all. In particular, some critics have of late been inclined* to 

^' Annalen der Physik, 1901, iv. pp. 706-721. 

* PhU. Tram,, 1893, 184, pp. 506-529. , 

* Chem, Soc, Tram,, liii., March 1888, pp. 222-262. 

^ Kinetic Theory vf Oases, O. C. Meyer, 1899. Translated by R. E. Baynes. 

* Meyer’s Kinetic Theory of Gcues (see above). 
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discredit the atomic theory by pointing out that the strong statements 
which have sometimes been made as to the equality, among themselves, 
of atoms or molecules, of the same kind may not be justified, as the 
equality may be that of averages only, and be consistent with a consider- 
able variation i^ the sizes of individuals. 

Allowing this argument more weight than it perhaps deserves, it is 
easy to show that it cannot affect seriously our knowledge of the length 
of the mean free path. 

Professor George Darwin ^ has handled the problem of a mixture of 
unequal spherical bodies in the particular case in which the sizes are 
distributed according to the law of errors, which would involve far 
greater inequalities than can occur among atoms. Without discussing 
the precise details of his problem it is sufficient to say that in the case 
considered by him the length of the mean free path is what it 
would be if the particles were equal. Hence were the inequalities of 
I atoms as great as in this extreme case, the reduction of the mean free 
path in hydrogen could only be from 185 to 119 /u/i ; but they must be 
far less, and thei'efore the error, if any, due to this cause could not 
approach this amount. It is probably inappreciable. 

Such examples might be multiplied, but the one I have selected is 
perhaps sufficient to illustrate my point, viz., that considerable and fairly 
accurate knowledge can be obtained as to molecular quantities by the aid 
of theories the details of which are provisional, and are admittedly 
capable of improvement. • 

Is (he Model Unique ? 

But the argument that a correct result may sometimes be obtained by 
reasoning on imperfect hypotheses raises the question as to whether 
another danger may not be imminent. To bo satisfactory our model 
of Nature must be unique, and it must be impossible to imagine any other 
which agrees equally well with the facts of experiment. If a large 
number of hypotheses could be framed with equal claims to validity, that 
fact would alone raise grave doubts as to whether it were possible to 
distinguish between the true and the false. Thus Professor Poincare has 
shown that an infinite number of dynamical explanations can be found 
for any phenomenon which satisfies certain conditions. But though this 
consideration warns us against the too ready acceptance of explanations 
of isolated phenomena, it has no weight against a theory which embraces 
so vast a number of facts as those included by the atomic theory. It does 
not follow that, because a number of solutions are all formally dynamical, 
they are therefore all equally admissible. The pressure of a gas may be 
explained as the result of a shower of blows delivered by molecules, or by 
a repulsion between the various parts of a continuous medium. Both 
solutions are expressed in dynamical language ; but one is, and the other 


» Fhih Tratm,, 180. 
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is not, compatible with the observed phenomena of expansion. The 
atomic theory must hold the field until another can be found which is not 
inferior as an explanation of the fundamental difficulties as to the consti- 
tution of matter,, and is, at the same time, not less comprehensive. 

On the whole, then, the question as to whether we are attempting to 
solve a problem which has an. infinite number of solutions may be put 
aside until one solution has been found which i^ satisfactory in all its 
details. AVe are in a sufficient difficulty about that to make the rivalry 
of a second of the sanle type very improbable. 

The Phenomena of Life. 

But it may be asked — nay, it has been asked — may not the type of 
our theories be radically changed ? If this question does not merely imply 
a certain distrust in our own powers of reasoning, it should be supported 
by some indication of the kind of change which is conceivable. 

Perhaps the chief objection which can be brought against physical 
theories is that they deal only with the inanimate side of Nature, and 
largely ignore the phenomena of life. It is therefore in this direction, if 
in any, that a change of type may be expected. I do not propose to enter 
at length upon so difficult a question, but, however wo may explain or 
explain away the cliaracteristics of life, the argument for the truth of the 
atomic tlieoi y w’ould only be affected if it could be shown that livmg 
matter does not possess the thermal and mechanical properties, to account 
for which the atomic theory has been framed^.* This is so notoriously not 
the case that there is the gravest doubt whether life can in any way inter- 
fere with the action within the organism of the laws of matter in bulk 
belonging to the domain of mechanics, p^ysics, and chemistry. 

Probably the most cautious opinion that could now be expressed on 
this question is that, in spite of some outstanding difficulties which have 
recently given rise to what is called Neo vitalism, there is no conclusive 
evidence that living matter can suspend or modify any of the natural laws 
which would affect it if it were to cease to live. It is possible that though 
subject to these laws the organism while living may be able to employ, or 
oven to direct, their action within itself for its own benefit, just as it un- 
questionably does make use pi the [irocesses of external nature for its 
own purposes ; but if this be so, the seat of the controlling influence is so 
withdrawn from view that on the one hand its very existence may be 
denied, while, on the other hand, Professor Hseckel, following Vogt, has 
recently asserted that * matter and ether are not dead, and only moved by 
extrinsic force ; but they are endowed with sensation anS will ; they 
experience an inclination for condensation, a dislike for strain ; they 
strive after the one and struggle against the other.’ ^ 

But neither unproved assertions of this kind nor the more refined 
attempts that have been made by others to bring the phenomena of life 

Middle of the Univerae (English translation), 1900, p. 360. 
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and of dead matter under a common formula touch the evidence for the 
atomic theory. The question as to whether matter consists of elements 
capable of independent motion is prior to and independent of the 
further questions as to what these elements are, and whether they arc 
alive or dead. 

The physicist if he keeps to his business, asserts, as the bases of 
the atomic theory, nothing more than that he who declines to admit 
that matter consists of separate moving parts must regard many of the 
simplest phenomena as irreconcilable and unintelli^ble, in spite of the 
fact that means of reconciling them are known to everybody, in spite 
of the fact that the reconciling theory gives a general correlation of an 
enormous number of phenomena in every branch of science, and that the 
outstanding difficulties are connected, not so much with the fundamental 
hypotheses that matter is composed of distinguishable entities which are 
capable of separate motions as with the much more difficult problem of 
what these entities are. 

On these grounds the physicist may believe that, though he cannot 
handle or see them, the atoms and molecules are as real as the ice 
crystals in a cirrus cloud which he cannot reach ; as real as the unseen 
members of a meteoric swarm whose death-glow is lost in the sunshine, or 
which sweep past us, unentangled, in the night. 

If the confidence that his methods are weapons with which he can 
Gght his way to the truth were taken from the scientific explorer, the 
paralysis which overcomes those who believe that they are engaged in a 
hopeless task would fall upon^him. 

Physiology has specially flourished since physiologists have believed 
that it is possible to master the physics and chemistry of the framework 
of living things, and since they h^ve abandoned the attitude of those who 
placed in the foreground the doctrine of the vital force. To supporters of 
that doctrine the j)rinciple of life was not a hidden directing power which 
could perhaps whisper an order that the flood-gates of reservoirs of energy 
should now be opened and now closed, and could, at the most, work only 
under immutable conditions to which the living and the dead must alike 
submit. On the contrary, their vital force pervaded the organism in all 
its parts. It was an active and energetic opponent* of the laws of physics 
and chemistry. It maintained its own existence not by obeying but by 
defying them ; and though destined to be finally overcome in the separate 
campaigns of which each individual living creature is the scene, yet like 
some guerilla dhieftain it was defeated here only to reappear there with 
unabated confidence and apparently undiminished force. 

This attitihde of mind checked the advance of knowledge. Difficulty 
could be evaded by a verbal formula of explanation which in fact ex- 
plained nothing. If the mechanical, or physical, or chemical causes of a 
phenomenon did not lie obviously upon the surface, the investigator was 
tempted to forego the toil of searching for them below ; it was easier to 
say that the vital force was the cause of the discrepancy, ani that it was 
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hopeless to attempt to account for the action of a principle which was 
incomprehensible in its natui-e. 

For the physicist the danger is no less serious though it lies in a some- 
what different direction. At present he is checked in his theories by the 
necessity of moking them agree with a comparatively small number of 
fundamental hypotheses. If this check were removed hjs fancy might run 
riot in the wildest speculations, which would be held to be legitimate if 
only they led to formula in harmony with facts.- But the very habit of 
regarding the end as everything, and the means by which it was attained 
as unimportant, wtfuld prevent the discovery of those fragments of truth 
which can only be uncovered by the painful process of trying to make 
inconsistent theories agree, and using all facts, however remote, as the 
tests of our central generalisation. 

‘ Science,’ said Helmholtz, ‘ Science, whose very object it is to compre- 
hend Nature, must start with the assumption that Nature is comprehen- 
sible.’ And again : * The first principle of the investigator of Nature is to 
assume that Nature is intelligible to us, since otherwise it would be foolish 
to attempt the investigation at all.’ These axioms do not assume that all 
the secrets of the universe will ultimately be laid bare, but that a search 
for them is hopeless if we undertake the quest with the conviction that it 
will be in vain. As applied to life they do not deny that in living matter 
something may be hidden which neither physics nor chemistry can explain, 
but they assert that the action of physical and chemical forces in living bodies 
can never be understood, if at every difficulty and at every check in our 
investigations we desist from further attem j»tB in the belief that the laws 
of physics and chemistry have been interfered with by an incomprehensible 
vital force. As applied to physics and chemistry they do not mean that 
all the phenomena of life and death wil^. ultimately be included in some 
simple .and self-sufficing mechanical theory ; they do mean that we are not 
to sit down contented with paradoxes such as that the same thing can 
fill both a large space and a little one ; that matter can act where it is 
not, and the like, if by some reasonable h3rpothesis, capable of being 
tested by experiment, we can avoid the acceptance of these absurdities. 
Something will have been gained if the more obvious difficulties are 
removed, even if we have to admit that in the background there is much 
that we cannot grasp. 

The Limits of Physical Theories, 

And this brings me to my last point. It is a mistake ho treat physical 
theories in general, and the atomic theory in particular, asi^though they 
were parts of a scheme which has failed if it leaves anything unexplained, 
which must be carried on indefinitely on exactly the same principles, 
whether the ultimate results are, or are not, repugnant to common sense. 

Physical theories begin at the surface with phenomena which directly 
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Etffect our senses. When they are used in the attempt to penetrate deeper 
R^to the secrets of Nature it is more than probable that they will meet 
with insuperable barriers^ bv,t this fact does not demonstrate that the 
fundamental assumptions are false, and the question as ^ whether any 
particular obstacle will be for ever insuperable can rar^y be answered 
with certainty. » 

Those who belittle the ideas which have of late governed the advance 
of scientific theory too often assume that there is no alternative between 
the opposing assertions that atoms and the ether are ':^ere figments of the 
scientific imagination, or that, on the other hand, a mechanical theory of 
the atoms and of the ether, which is now confessedly imperfect, would, if 
it could be perfected, give us a fuU and adequate representation of the 
underlying realities. 

For my own part I believe that there is a via mediae 

A man peering into a darkened room, and describing what he thinks 
he sees, may be right as to the general outline of the objects he discerns, 

I wrong as to their nature and their precise forms. In his description fact 
; and fancy may be blended, and it may be difiicult tp say where the one 
ends and the other begins ; but even the fancies will not be worthless if 
they are based on a fragment of truth, which will prevent the explorer 
from walking into a looking-glass .or stumbling over the furniture. He 
who saw * men as trees walking ’ had at least a perception of the funda- 
mental fact that something was in motion around him. 

And so, at the beginning of the twentieth century, we are neither 
forced to abandon the claim to have penetrated below the surface of 
; Nature, nor have we, with all our searching, torn the veil of mystery 
from the world around us. 

The range of our speculationssis limited both in space and time : in 
space, for we have no right to claim, as is sometimes done, a knowledge 
of the * infinite universe * ; in time, for the cumulative effects of actions 
which might pass undetected in the short span of years of which we have 
knowledge, may, if continued long enough, modify our most profound 
generalisations. If some such theory as the vortex-atom theory were 
true, the faintest trace of viscosity in the primordis^ medium would ulti- 
^ mately destroy matter of every kind. It is thus a duty to state what 
(fVe believe we know in the most cautious terms, but it is equally a duty 
• not to yield to mere vague doubts as to whether we can know anything. 

If no other conception of matter is possible than that it consists 
of distinct physical units — and no other conception has been formu- 
lated which doSs not blur what are otherwise clear and definite out- 
lines— -if it is^ertain, as if is, that vibrations which cannot bo propagated 
f ordinary matter travel through space, the two foundations of physical 
leory are well and truly laid. It may be granted that we have not yet 
i'amed a consistent image either of the nature of the atoms or of the 
ther in which they exist ; but I have tried to show that in sjpite of the 
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. The deleminatimi of the Components of Magnetic Force on Board 
Ship. — Meport of the CommUtee, consUHng of Professor A. W. 
RCCKEB (Chairman), Dr. C. H. Lees (Secretary), Lord Kelvin, 
Professor A. Schustee, Captain E. W. Creak, Professor W. 
Stroud, Mr. C. Vernon Boys, and Mr. W. Watson. * 

The two instruments constructed a year ago, according to Captain 
Creak’s design, and described below were tested at Kew and found 
satisfactory. They are now on board the * Discovery.’ A third instru- 
jnent was ordered for use on boaad the German Antarctic ship 'Gauss,’ and 
a fourth has since been constructed and was exhibited at the Glasgow 
/Meeting of the Association. 


On a Nm Form of Imlmnmi Jor observing ^ Magnetic Dip ami 
Intensity on Board Ship at Sea, By Captain £. W. Creak, C.B., 
R.N., F.R.S. ■ 

One of the‘principd objects of the Antarctic expedition which sailed 
lost month in the ' Discovery ’ is to make as complete a magnetic survey 
of the regions south of the fortieth parallel of south latitude'as possible. 

^ As die greater portion of that region is open sea^ it is obvious that, 
with few chances of landing, the major portion of the survey must be 
conducted on board ship. ' » 

Previous experience in H.M.S. ships ‘Erebus'and ‘T^r’ in 1839-43 
[both wooden sailing ships) showed the serious effects of the iron in 
bhose ships in disturbing the magnetic instruments established on board, 
in the case of the^' Discovery,’ with engines, boilers, and numerous other 
iron b^ies on board, mametio observations would have been almost 
mpossible but* for the pmautions of first cho6sing a place for the 
magnetic observatory in the ship and then ensuring that no iron of any 
nnd should bo allowed to be placed within a 30*foot radius from that 
Josition. 

aiiip having thus been prepared, the important qucis^tion of a 
Hiable instrument for observing the magnetic dip and total Morce nn 
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board of her arose. The only instrument hitherto used for this purpose 
has been Mr. R. W. Fox's dip and intensity apparatus invented in 1835, 
and little or no advance made in its construction since then. It certainly . 
did valuable work in the Antarctic Magnetic Survey carried out in the 
‘ Erebus ' and ‘ Terror ' under Sir James Ross, and also in the * Challenger ' 
expedition oi. 1872-76. An examination of the work done in the 
‘ Challenger * under most favourable circumstances disclosed certain 
defects of a character which are quite inconsistent witlf the precision now 
required. 

For example the needles could not be reveAed, and hence there was 
constant nece^sity ^or frequent comparisons with an absolute instrument 
on land to obtain index erroi's. The magnetic moments of the needles 
were liable to change with no accurate means of knowing when the 
change took place, thus vitiating^ the sea observations of total force 
made by the method of a constant deflecting weight. Again the deflect- 
ing magnets used for a second method of obtaining the total force were 
liable to changes with no means for ascertaining the period of such 
change at sea. The Fox instrument was therefore not suited for the 
purposes in view. 

Previous experience having shown me the excellent values of the 
absolute horizontal force to be obtained with the Barrow’s Dip Circle 
fitted with Lloyd's needles, especially in high latitudes,* I arranged for a 
series of experiments to ascertain the best methods of applying the 
principles of .Lloyd’s method to an instrument which could be used on a 
gimbal table on board ship. The use of needles with cylindrical axles 
resting on agate planes, either for dip or force, was impossible, and trials ’ 
with various forms of needles and jewels resulted in my adopting the 
forms for both in the instrument exhibited. All the needles have axles 
terminating in a cone with the sharp point rounded off and highly 
polished. The jewels are highly polished sapphires fixed to the cross 
bars of the circle in which conical cavities, slightly larger than the axles 
of the needles, have been drilled and polished. The upper half of the 
jewel is removed, thus leaving a cup ^nto which the axles of the needle 
can be lowered by the ^Jifter provided. By this arrangement the needles 
can be retained in place even when the gimbal table, upon which the 
instrument is placed, is subject to irregular motions, due to those of the 
ship. 

With the circle thus fitted the absolute dip and total force can be 
observed agreeably with the usual methods described in the Admiralty 
Manual of Scientific^ Enquiry. 

As there might be a slight oscillation of the needle at times when the 
ship is unsteady in a s^way, I ^bave arranged that the ends of the 
needles shall come so near the graduated arc that the readings may txv . 
made directly by the microscopes without the use of verniers, as in the 
land instruments. 

To obviate friction between the axles of the needles %»nd the jewels I 
have fitted a knob on the top of the circle, which should Ibe gently rubbed 
with a circular motion of the ivory rubber provided. , ® 

The readings of the circle may be accurately made at night by placing 
a candle at the back of the circle when the light will be reflected by the 
ivory faces pfAbe microscopes to the graduated arc. 

The zerb of the graduations on the base plate is so placed that when- 
ever the jnagnetic direction of the ship’s head is known by a compass 
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adjacent the pla.ne of the circle can be immediatel 7 placed in the 
raafinetic meridian without the trouble of finding the meridian by the 
usual method with the circlo. 

Two instruments of the kind described are nqw in use in the Antarctic 
ship ‘ Discovery,’ and the German expedition in the Antarctic ship ‘ Gauss ’ 
have also one with two sets of needles. 


Experiments for improving the Construction of Practical Sta,nclnrds for 
Electrical Meadturements. — Report of the Ccsgimittee, consisting 
of Lord Rayleigh (Chairman), Mr, R. T. Glazebrook (Secretary), 
Lord Kelvix, Professors W. E. Ayrtox, G. Carey Foster, 
J. Perry, W. G. Adams, and Oliver J. Lodge. Dr. J. A. 
Muirhead, Sir W. H. Preece, Professors J. D. Evfjiett, A. 
Schuster, J. A. Flemixg, and J. J, Thomsox, Mr. W N. Shaw, 
Dr. J. T. Bottomley, Rev. T. 0. Fitzpatrick, Dr. G. Johxstoxe 
Stoney, Professor S. P. Thompsox, Mr. J. Renxie, Mr. E. H. 
GBIFF1TH.S, Professors A. W. RICKER, H. L: Callexdar, and 
Sir Wm. C. Roberts Austex, and Mr.. George Matthey. 

Appendix. — Notf on a Comparison of the Sileer deposited in Voltameters 
containing dtjferent Solvents, By S. Skinnebt . . . . . page 32 

During the year a number of comparisons have been made at the Kew 
Observatory among the standard coils of the Asi^ociation. The temperature 
conditions, however, in the temporary laboratory are not sufficiently 
satisfactory to make it desirable to report fully on the results ; it is perhaps 
sufficient to say that no ei^dence of any very marked change in the 
relative values has shown itself. It -is hoped that the coils and other 
apparatus will be moved to Bushey during the autumn. 

In the room which has been planned for their reception arrangements 
will be at hand for controlling tHe temperature, and the work of inter- 
comparison and control of the standards can on as in former years at 
Cambridge. 

Meanwhile some progress has been made* in the pi'eparations for the 
construction of mercury standards. A number of tubes of ‘verre dur’ 
have been examined, and some of these have been calibrated ; when the 
apparatus is set up at Bushey his work will go forward Vapidly. There 
has also been during the year some demand for tha i^ue of standards of 
capacity : this it hOvS not been possible to comply with, but the air con- 
densers will be set up again as soon as possible, and then capacity tests 
can be made. 

With regard to platinum thermometry, Mr. Matthey supplied the 
Committee wi4h ,a further specimen of wire, for which he had made a 
large stock. This was tested carefully, both at Kew and under Mr. Griffiths' 
directions, Ijy Mr. Green at Cambridge, and the values found for the 
<^pnstants were as under : 

8=sl-495±'005 

has proved in every way satisfactory, and the money voted 
this Committee last year (45?.) has been spent in purchasii^s? it. 
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Mr. Matthey, however, is retaining for the present, for the use of the 
Committee, some more of the wire, and it is, in their opinion, desirable 
that they should purchase it also. It is essential for the success of the 
scheme approved by the Committee at their last meeting that they should 
have a sufficient stock of the wire for a very long period, and they are 
anxious not to 15se the present opportunity of acquiring such a stock. 

Expense will also be incurred in the preparation cof the mercury 
standards. 

The illness and death during the year of Psofessor Viriamu Jones 
have prevented any great progress being made with the ampere balance. 
Some part of the apparatus, however, has been constructed, and is in 
Professor Ayrton’s hands, and the Committee have good hopes that 
further progress may be reported shortly. 

The Committee desire to put on record their sense of the loss which 
Physical Science has suffered by the deaths of Professors J. Y. Jones and 
G. 'F. FitzGerald, who. for many years had been members of the Committee, 
and had contributed in a marked degree to its work ; and by that of 
Professor Howland, whose redetermination of the absolute value of the 
B.A. unit i^a,s practically the starting-point of the work of the present 
Committee. Professor Rowland had on more than one occasion been a 
valued visitor at meetings of the Committee. 

A paper by Mr. Skinner on a pyridine voltameter is printed as an 
appendix. Professor Callen(|ar’s paper on the variation of the specific 
heat of water is closely connected with the work of the Committee^ 

In conclusion, the Committee recommend that they be reappointed, 
with a grant of 50/. ; that Ix)rd Rayleigh be Chairman, and Mr. R. T. Glaze- 
brook Secretary. 


APPENDIX. 

Note on a Comparison of tlie Silver dej^sited in Voltameters containing 
different Solveiita. By S. Skinner, J/.A., Demonstrator of Experi- 
mental Physicsy Cambridge, 

In 1892 Schuster and Crossley ' showed that when the same current 
is passed through two silver voltameters containing silver nitrate in 
aqueous solutioif, one voltameter in a vacuum and the other in air, about 
0*1 per cent, more silver was deposited in the vacuum than in air. 
This result was confirmed by Myers. ^ Thesb results clearly prove that 
there is an uncertainty in the action of the silver voltameter depending 
on the presence of air or oxygen, and consequently on the freshness of 
the solution. Werner ® found that a silver nitrate solution in pyridine 
gives by the rise in the boiling-point of the solvent a nearlji nonpal mole- 
cular weight for the salt ; and Kahlenberg ^ found that the solution was 
an electrolyte, and ' could be used in the silver voltameter^; but that, 
contrary to what follows, more silver was deposited from aqueous solution 
than from pyridine solution by the same current. In the following 
experiments a comparison has been made of the deposits produced by the 

* Proc, R,S,i 50, p. 344. * Annalen, 55, p. 288. 

' ^its, Anvrg. CAem,, 1897, 15, p. 23. * Joum* Physical Chem,, 1900, p. 349. 
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same current in silve;* voltameters containing aqueous and pyridine solu- 
tions of silver nitrate. 

The platinum bowls used are those numbered I. and V. in the paper 
on the Measurement of the Electromotive Force of the Clark 0^11^ by 
Mr. Glazebrook and inyself. The anode for bowl I. was a silver disc, 
5 cm. in diameter, Jhung by a silver rod, and a silver cylinder was u^ed 
for bowl V. The dimensions of the bowls are given in the paper men- 
tioned above. 100 c.c. of so^lution was ^sed in each case, and the pyridine 
solution contained 10 per cent, of silver nitrate, whilst the aqueous 
solution contained, as usual,, 15 per cent, of the salt. ^ 

The areas of the exposed surfaces were approximate^ as follows 

. Bowl I. BowlV. 

. Cathode aarface . • .75 cm. 67 sq. cm. 

* Anode surface . . 19*6 cm. ISaq. cm. 

Thq^onditions of current density in the two bowls may be regarded 
as practically identical. 

The deposit of silver from the aqueous solution was crystalline, and 
the character of the crystals appeared.^ yitty with the current density. 
The deposit was washed by staining uPdistilled water for several hours 
^ and dried over an alcohol dame. The deposit from the pyridine solution 
is continuous, and forms a hard coating : it is washed with water in which 
both pyridine and silver nitrate are soluble. It is sotnetiines slightly 
coloured, but bn drying becomes white. On further heating over the alcohol 
flame it develops a pearly lustre, and in this condition it has been weighed. 

A Western ampbre meter was included in the same circuit, and 
served to indicate the constancy, of the current, reading of the 

ampere meter is given in the second column of the%kble. ^ The variations 
of the current were very small. « In the i^ble the mult of every experi- 
'^ment which I have made is given. ' 


Current by Weight deposited! Weight deposited; DifBwence Percentage ^ I 
Weston , from from I_ p..— i Notes 

Meter |PyridineSolation|AquooesSoluti<m[^illigraimues j | 


Aug.]5j 

0'07 

•8116 

1 -8105 



10 

•124 

1 

16 

0 076 

•8695 

1 -8685 

1-0 

•116 


14 

013 

1-2665 

i 1 2625 

4-0 

-818 

w 

S\ 

0-233 

‘ -7866 

-7820 

* 4-5 

•676 

21 

0-255 

2-2796 

2-2730 

6-5 

-30 


61 

Q-368 

1-1390 

1-1340 

5-0 

4 '44 


12 

0375 

•9630 

•9600 

3-0 , 1 

•41 

(®) I 

.10 

0-415 

1-4225 

l*4ijb0 

• '-^5 . 

•276 

w . 

19 

0-52 

2 0010 ^ 

1-9982; 

2-8 ! 

•14 

20 

‘1-00 

2^0180 

2 0165 ^ 

• •• i 

•12 

i 

Total deposits . 

18-6570 

1 13-5342K 


-24 
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(a) ahrd In ^ese two experiments thh aqueous solution was in a partial 
vacuum (8 cm. pressure), and jJL per cent, has been added to the percentage difference 
to znake them comparable with the other experiments. / 

(s).— Fresh solutions were used in this experiment, and the same solutions were 

UBM on all subsequent dates. A few part 

voltometer in this e^fiment, August 14. 

result of these experiments is dearly that all the'yieposits 

^ 2VWI*, 1898, A. 

1901 .* ' 
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from \ the pyridine solutions weigh more than those from the aqueous 
solutions. 

In the measurements of the E.M.F. of the Clark cell by Mr. Q! j- 
brook and myself the same current was sent through two systems ofi^ 
silver voltameters in series, and 15*5123 grammes were deposited ih the 
bowls which received the greater deposits, as against 15*5055 grammes in 
those which gained the smaller deposits. This give» a mean percentage 
difference of *044, which may be compared with the mean percentage 
dififerenqe of *24 in the present experiments. It is obvious t|;iat^this 
difference is of a much higher order, but this difference is a ' ^ban of 
experiments wHfch differ much nfore between themselves. On that 
account I think it is better to discuss the experiments in groups. The 
experiments divide* themselves roughly into two groups, ^here is, firsts 
a group consisting of those in which the current was about *07 ampbre and 
from *5 to 1 ampSre. This contains the extremes as regards current, and 
in it the mean percentage difference would be just over *1 per cent. So 
that for these values of current the deposit from pyridine would weigh 
almost the same as Schustiir^and Crossley found for a vacuum, which; it 
will be remembered, was *1 per ufent. higher than in air. . 

The second group consists of those experiments in which the current . 
value lies between *13 and *41 ampbre, and here the mean percentaa * 
difference is much larger, t.e., *J38, Over this range one of the deposits . 
seems to be uncertain, and I think these experiments may be consider ;d 
to indicate that between these values of current in the given bowls one 
of the two voltameters is irregular in its action. The character of the 
silver crystals ajqiear^ to be variable, whilst the ^rd film of silver from 
the pyridine solution^ had ahvaya the same texture. Thq aqueous volta- 
meter seemed to wor^ best with the la^ge currents *5 to 1 ampbre when 
the crystals were small, hard, closely packed. At the lower values of 
current the^Myer crystals were thin, long, and friable. At the lowest 
value they yKS again' small and hard. One explanation of the variation 
may be that^&rticles^f silier are more easily lost during the washing, 
when the ci^tals are of thb seconci character. 

Conclusions : — 

(1) That FaradaVs law ^ds to within '24 per cent, in the mean for 
silver nitrate when dissplve^iHi two different Solvents. 

(2) That for current va|i|ies of ' *07 and ' *5 to 1 ampbre in the given 

bowls the "amount of silv^ deposited from a pyridine solution of silver 
nitrate is nearly the same as that deposited from an aqueous solution in a. 
vacuum. / ^ ^ 

(3) That for current valv^ between *1 and *5 ampbre more silver 
obtained in the pyridine voltc^meter than in the aqueous voltameter. 

. ,• ... 

Notfi oh ike Variation of the Specific liea^of Watorf 
\ % Professor *H. L. Callendar, 

[Ordered by the General Committee to be printed in extmso.] 

The method adopted for determining the variation of the specific heat*o^ 
water Vas described and the apparatus exhibited at the Toronto Meetii^ 
of the British Association,^ and the results up to a temperature^f 60^ CT 

» JB-A. Hep., 1807. 



were given in a preliminary note communicated to Section A at the 
Dover Meeting.^ The final results were communicated to the Rojiul 
Society in June 1900,^ and are now in course of publication in the ‘ Phil. 
Trans.' The object of the following note is to discuss one or two minor 
corrections and reductions which have been suggested* 

Values below 20^. 

^ At the Dover Meeting ot the British A>B 80 piation it was stated that 
' tne observations agreec'. very perfectly on the average with Bowland's 
from 5^ to 35^, but indicated a slightly more rapid change near the 
freezing-point. This change required further verifieation, and was not 
includj^ in the formulae then suggested. Subsequent observations have 
confirmed this effect, which may be represented within the limits of 
probable error by the addition of another term to the formula below 
20^ C. The formula given in 1899 for the specific heat s at any tempera- 
ture t between 0^ and 60^ was as follows ; — 

«=-9982+-0()0()W90-^^^ . . (1) 

bSIow 20^ the formula should read : ^ 

s=-9982f0000046(«-40)*^^0000005(<-.20)* . (2) 

This formula agrees with the curve and wi^ the correction to the total 
heat h of the liquid given in tlie note in the * British Association Report/ 
1899. Values calcidated by these formulsa are given in Table II. in the 
column headed B.A. 1899. 

The quantity actually observed by Rowland. the total hee!t of 
the liquid from the starting-point of each exj^ilment. /the following 
table 'snows the close agreement of his results with this ^toula : — 

Taslb I. — ValuetqfToittiSeatf^ Wiiterftf*-j^. 


Temperatare. 

Formulip (1) wd; (S). , 

. : Qowhmd. » 

0 

6 

6-587 : 

* 9 

6-0S7 

10 


E 10-068 

15 

, 18-068 

h ; 16*068 

. 20 

20*048 

20*071 

25 

26*066 - r 

^ 26 067 

ia*067 

30 

sooeb 

35 

86*062 
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In the 'British Association 189&^ ;Begnaalt’s formula was 

ulopted forth# variation above 60”, modified by subtracting a constant 
luairtity *0056, *to make it fit ^h fomula (l) at 60”, and to reconcile 
>)is rault^ with those Of Beynoios and Moor%. We thus obtain 

««6-9944+0 00004«’+*0000009<» . , . (3) 

'tj' '■ ' * 

; Subsequently to the Dover Meeting Dr. Barnes succeeded in obtfuning 

* fiw., 1889. • J>nh>. n.S., im. 

■ ' ■ ! na 










five or six results at points between 66^ and 92^, which are represented 
withixr one part in 10,000 by the linear formula 

«=:l + -000U(^-60) .... (4) 

This formula gives a value nearly 1 in 1,000 lower than (3) at 90^^ 
but it cannot bo reconciled with Kegnault’s observations between 110° 
and ld0° C., and it would therefore probably be'*better to ^retain (3), 
since it is likely that the specific heat would increase tnqre rapidly at 
high temperatures. q # 

Although the actual observations at these higher points agree with 
formula (4) much more closely than 1 in 1,000 it is conceivable that they 
might contain a constant error of this order at 90^. 

More complicated formulie are given by Dr. Barnes, ‘ but since the 
whole variation of the specific he^ is so small it does not seem worth 
while to change the simpler formulie already published in the * British 
Association Report,’ 1899, which represent the observations equally well. 

Comparts^ wUh Liidin, 

The results of the observations of Lfidin by the method of mixtuqps 
are given in Table II. for con^parison.- They agree very well below 20°, but 
show a minimum at 25° 0. Above this point they increase rapidly to a 
maximum at 85° C., which is 1 per cent, greater than the value found by 
Barnes when expressed in ^ terms of the same unit. This rapid increase 
may possibly be explained by radiatic^ error from the hot-water supply. 
The subsequent diminution between 85° and 100° may be due to 
evaporation of the l^ing water on its way to the calorimeter. These 
errors are p^uUar w , the. method of mixtures, and are completely 
eliminated in'* tjbe elmricli method. Moreover, the quantity measured 
in the method mixtures is nbt the jactuai specific heat at the higher 
limit ty buMhe mean spepifip .heat t and the temperature of the 

calorimeter. Tl^.vsjfues of the actual specific heat at f, which depend on 
differentiating we ^ curve of mean specific' are thus rendered 

extremely uncertmn near the extremities of Ae range. The electrical 
method avoids this uncertainty, since it directly measures the rise of 
temperature prbdqced by the same quantity of energy at different points 

of the scale. " r 

■ ■ " * ' 

CcyrrectionforVuri^onqfTempemtureGradUltlj^in 

If E is the difference of electric, potential in volts between the ends 
of the conductpr ; ' 

C, the current in ampbres through i^ 

J, the number of joules required to raise 1 gramme of water C« 
at the mean temperature of the experiment ; ' . 

Q, the water-flow in grammes per second ; 

fi, the rise of temperature ; : ^ / 

hd, the loss of heat by radiation, &cl, m joules per seoo^di 

we have the simple equation ^ o ^ 

EC*=JQ0+Ad . . . . (6) 

If we assume that *tbe heat-loss hO is the same for two different flows, 
provided that the electrical current is regulated so as to. secure the same 

* 1900 * 
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final rise of temperature ff, vre can easily eliminate k and find J. When 
the flow is large, the heat lois Ati is a small fraction, 1 or 2 per cent., of 
the whole. The gradient of temperature in the fiow-tube is then nearly 
constant, but diminishes slightly as the temperature ifises, owing to 
increased rftte of loss of heat. With smaller flows this efiect incr^es, 
as the magnitude of the loss AO becomes greater in proportion to the 
wjiole. There is therefore a small systematic Variation in the tempera- 
ture distribution when the flow is changed, which inay be calculated from 
the differential equation representing |the conditioi:\^^ of heat-loss and 
supply. The effect can be represented by adding to ^nation (5) a term 
llA^fl/25 JQ, in which the nUm6ri^MG|etor 11/25 depends on the relative 
dimensions of the tubes of the caldnmefbr employed. At a temperature 
of 30® O. A is 2 per cent, of JQ for the larger, flows, and the correction 
amounts to only 2 or 3 parts in 10^000. ,Dr. Barnes observed that the 
results 4'educed from the smaller flows differed systematically from those 
given by the larger flows, but the diSbr^ces were so small that he 
thought they might be due to l^iden^l errors of ob^rvation or some 
defect .>£ the method. I find, however, that these small systematic differ^ 
ei^es are almost exactly accounted for by the correction in question. This 
is an excellent verification of the accuracy of the work. The importance 
^ the correction arises from the fact that , the; heat-loss increases nearly 
as the fourth power of the absolute limperature, and the correction itself 
increases as ihe square of the heal^loBS., Although practically negligible 
at ordinary temperatures, it reaches one part in 1,000 at the higher 
points. The results published in the * Froc. B.S;y*^19ib, must be corrected 
for this source of ei^ror. The corrected values airh given in column (1) of 
Tablell. ' •' . . 

deduction 0 the SydtogefA 

The observations were all taken dhrectly with stahaAra platinum ther- 
mometers, and the temperatures w^re reduced by means of the difference - 
formula" 

t^pt^V50t (<rfi(^^0,(>00 ‘ ^ . (6) 

Thja gives a perfectly definite uqbIb agrees vexy 

closely, according to the observations of Callen^ar and Orifliths,^ with 
that of the constant Jffressure air«themometer. f It^is really pref^erable 
And express the results in terms of :this sbalei wH^^ the advantage 

that it can be reproduced .with much greater ^ur<^ than is attainable 
in gas-thermometry. If, how'ever/Wa f^sume^^t^ it coincides with the 
scale 6f the air-thermometer, it would:;]be desiiablA to reduce the results 
to the hydrogenhcale, as being » closer approach to the absolute thermo- 
dynamic scab. ■ ■ 

In making this reduction it wbuld tbe patural to assume the well- 
known formula lor the difference betweCh: the 'nitrogen and hydrogen 
scales given bj^Chappuis, and qumed by Guillaume and other authorities : 

I,,--I^«<(|.-100)(+6-318+000889<---0-(»1323<^^ . . (7) 

This has been done by Griffiths,^ who gives a table of' our i^ults so 
jcduoed. {There are, however, one or two objections to be considered. 
*a 1} The formula of (jhappuis makes the differences t^--ef^ negative be- 
tween 80*^ and 100®, W that the correction to the specific heat changes 
from ---2 i^ l0j0(K) at w® to 4-6 iu 10,000 at 100®. Chappuis himself 

;* PWt TVwHii, ISTO. 
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considers this impossible^ and has recently ^ proposed an emended curve, 
which would alter the correction by nearly , one part in 1,000 at 100^ 
(2) The experiments of Chappuis refer to the constantrvolume nitrogen- 
thermometer ( t one metre of mercury initial pressure, whereas the 
difference-formula is assumed to refer to the constant-pressure air-ther- 
mometer at 76 cm. pressure. The correction in the latter case is quite 
different, so that we should not assume Chappuis’ results for the reduction.. 
On the whole we shall probably be nearest the truth if we calculate the 
correction for the scale of the qonstant-pressure air-thermometer from 
the observations of Joule and Thomson^ by the method which I have 
explained in * Proo. Fhys. Soe.j^ ^UEarch 1901. It hapjpens that the 
correction to the results, when ^oulhted in this manner, is very nearly 
equal and opposite to that already given for the variation of Ihe 
temperature-gradient in the flqw-tub^ so that if both corrections are 
applied the results are practic^ly unchanged. It must be remembered, 
however, that one of these corrections is certain and obligatory, Vhereas 
the other is to a great extent a matter, of taste. It would r^Uy be 
more scientific to omit the uncertain reduction to the hydrogen scale. 

The value of the difference coefficient 1*50 in formula 6 is calculated, 
assuming the boiling-point of sulphur to be 444*’*5, on the scale of the con- 
stant-pr^sure air-thermomnter. If we took the boiling-point of sulphur 
to be 445^*2 (as determined by Hiilker and Chappuis with a constant- 
volume nitrogen-thermometer at ^O^inm. initial pressure), we should 
find dsssl*54. This would make a difference of 4 in 10,000 in the values 
of the specific heat at Of and 100^. But the correction from the constant- 
volume nitrogen scale would be much smaller, so that, by a curious 
coincidence, w final results i^uced tOcjbhe hydrogen scale would be 
almost identical with those already given. 

Tadl]B II . — of Heat of Water in terms of a JJnit at 20® C7. 


Tempera- 

ture 

B.8.1900 

1 Correoted* 

Beduced tQr 

H Seale 

BA. Beport, 
1899 

. 1 

Xittdiii, 1895 

o 

0 


i-flpa4 

1*0094 

1008i. 

5 


10066 

1*0064 

l-OOjft 

10 


1*0031 

lOOSfT 

1*0026 

16 

.10011 

1-0012 

loon 

' 1-0009 

20 

10000 


1*0000 

1-0000 

25 

•9991 ^ 

, *9991 

•9992 

•9998 

30 

•9987 

•9986 

•9987 

-9999 

36 

> -9986 

- *9984 

*9983 

1*0006 

40 

•9986 

•9984 

*9982 

L 1*0017 

46 

•9988 

•9986 

^ *9983 

10030 

* 60 

•9993 

•9989 

•9987 1 

1*0046 

66 

•9998 

•9994 

•9992 J 

1*0063 

. 60 

10006 


1*0000 J 

10079 

66 

1001 1 

1-0006 


1*0094 

70 

1*00X8 

1*0018 

1*0016 

0 1*0109 

76 

1*0024 

10020 

1*0024 

1*0123 


1*0033 

1*0027 

1*0033 

' 10131 

«s 

1*0040 

1*0034 

1*0043 

10137 


10048 

1-0041 

1-0063 

10186 

96 

1*0055 

1*0048 

1*0063 

1-P129C 


1*0062 

1*0065 

1*0074^ 

10U7 . 
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Radiation in a Magnetic Field, — Report of Hie Committee^ consisting of 
the late Professor G. P. FitzGerald (Chainncm)^ Professor W. E. 
Thrift {Secretary)^ Professor A. Schuste'r, Principal O. J. 
Lodge, Professor S. P. Thompson, Dr. Gerald Molloy, and Dr. 
W. E. Adeney. ^ 

The Committee hiAre to refer with feelings of the deepest regret to the 
death of their Chairman; Professor G. F. FitzGerald, and acknowledge 
that their work has been much impaired 1^ the loss they have sustained. 

That work seemed twofold: in thc^^first place, to obtain specimen 
prints and enlargements of the negatives left by Proton, in ^rder to 
consider the advisability of publishing them ; in the second place, to 
study the negatives and measure the' 8epil!i».tions of the various lines. 

Nineteen of these negatives are interesting, viz., ten of iron, five of 
cadmium and zinc, two of magnesium, one of strontium* i^nd one of nickel, 
but their. value is much lessened b^nse no information is obtainable 
concerning the corresponding strength of. the magn^ic field. However, 
from their examination of the specimen prints and enlargements which 
they have obtained, the Committee conclude that it womd be desirable 
publish prints of some, at least, of the negatives. They are interesting 
on account of their priority as photographic records of the i^ect of a 
magnetic field upon the spectral lines and oh account of the clearness with 
which they exhibit the effect, both i»ts normal and immanj^anomalous 
forms ; and the infoAnation deriMame from them would thus become 
wailable to all. The Committee, ^erpfbre, recommend their, publication, 
ind ask for reappointment, with a grant of Ifif., in order to carry this 
recommendation into effect. ; ^ 

The ^ork of measuring the negatives has been confined to preliminary 
nvestigations on the degree of accuracy attainable^ and to some observa- 
:ions on the iron spectrum. With the instrument U|ecl|^y Sir Robert 
Ball and D^. Rambaut for measuring star photography it 'MU possible by 
special arrangements to measure, iiwgeneral, to 0*006 tenth metre. This 

vould imply that the resulting values of for example, 25*8 x 10®, are 

\ 9 ' ' 

iccurate to 0*2 or 0*3. But the calculate Values of — for the lines, 

■ AX 

>bserved so fcr, show jmch variety that the verification for firon of the 
aw demonstrated by Preston for cadipium, zinc, and nmgztesiu seems 
nost improbable at present. 4 * 

Several anomalous lines have been obseWed, particularly the quintet 
tt3743*61. , ^ . i.:. • 

No .unaffected lines bi^e been met with ; those which are not split 
ip into separate components are much brbadyned. 

Interference and PohmsaMm of Metric Waves, 

• , Professor Dr. G. Quincke. 

[Ordered by tl» General .Committed to be printed in extemo.'] 

pT Physical Laboratory of the University of Heidelberg Dr. August 
decker has measured the wave-lengths o| electric vibrations in inter- 
erence-tubes with two branches or in T-shic^ped tubes of the form which 

rrofe^or Quincke used for acoustical researche^^ ♦ 

ifiaxima and minima of the waves have beep observed by means 
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o£ a coherer in air, and in different fluid or solid dielectrics. Through 
interference' tubes with two branches only those vibrations are transmitted ' 
which are parallel to the plane of the branches, and of a wave-length 
equal to 1*6 the diameter of the ti^. Such an interference-tube repre- 
sents for electoric waves a Nicol prism or a coloured glass plate for optical 
waves. Wave-length or velocity i^ide the interference-tubes is about 
of the wave-length or velocity outeide in the free air.^ The ratio of the 
wave-length in air and in fluids gived \/kf k being the speci^c inductive 
capacity of the fluid. 


Seismolo^^dlnvestigc^uma. — Sixth Report of the Committee^ consisting 
- of Professor J. W. Jddo (Ohai^^ Mr. J. Milne (Secretary^ 
Lord Kelvin, Professor T. G. Bonney, Mr. 0. V. Boys, Professor 
G. H. DARwn«| Mr.^HpRACE Darwin, Major L. Darwin, Professor 
J. A. Ewing, Professor 0. G. Knott, Professor R. Meldola, Mr. 
R. D. Oldham, Professor J. Perry, Mr. W. E. Plummer, Pro- 
fessor J. H. PoYNTiNG, Mr. Clbi^ent Reid, Mr. Nelson Richard- 
son, and Professor H. H. Turner, 

■ ‘boNTBKTS. • 

I. On Seismioglcal StatUim abroad aadin Orsat Britain . . • ' 40 

Analy^af R$i»rdi for iJia Year ^ • * . 4 . * * 

On the Atmromimato P^oquao^ ^ at 'different Statione. 

J. Mn^NS . ^ . . . . . # . 41 

EBoperimSnte upon Piers . . ^ . . . . . 48 

II. On the Cempariioniff MiaHiqmlte Begieters from Bern, Shide, Bideton, and 

Bdinbureh. J?y J. IflLNB . . . . . .44 

in. On the JStMorde obtained Jbwn two HmOOvr SeUmographe at Km. By 

Dr. Crables CbbBB . . 51 

IV. Movemente jf JRorUonM Penduhme in rotation to Barometrie JPreeeure. 

By J. M||[lboil;;^> .... • . * . 58 

y. An Attempt to iBfeasuire Kdrth Moeemente at Bidgeway FauU. By HobAOB 

Dabwin . . * . ; . * . 4 . . . . . . . 52 

1. On SeiSmodqgical Sthtions abroad and in Great Britain. 

Seismographs of the type locommeuded by the Seismological Investiga- 
tion Commit^ of the British Association have been constructed for and 
in most ins^ces are already established at the following stations 


♦1. Africa. 

*3. » 

3. Australia 

4. „ 

6. .. 

*6. Canada 

V- « 

8. Ceylon 
*9. England 
* 10 . „ 

♦ 11 . 

12. Germany 

13. Honolulu 
•14; India 
*16. „ 

16. „ 

*17. „ 

*18. Java 
*1^. Japan 


Cape town. , . 
Cairo; ■■ ■ " 

Melbourne..; j 
Sydney. ' ' ■ 
Western Austndia. > 
Toronto. 

Victoria, 3.0,;/ ' 
Colombo. 

Shide, Isle of Wight. 
Kew.. . - 
Bidston. 

Strassburg. 

Hawaii. 

Calcutta. V ^ 
Madras, KodalkasSl. 

Jugga Bow. 
Bombay. 

Batavia.^ 

Tokio. ^ 


>2P. Mauritius . . . Royal Alfred Ob- 
servatory. . 

,21. Mexico . . ^Mexico. 

\ New Zealand (2 ^WellhigtoB (21n- 
23. j instruments) stmments);' 
/24. Portugal Coimbra. 

. 25. Russia Irkutsk. 

26 . „ Tints. 

27. „ ' ' Tasobkent. , 

;*28. Scotland^ Edinburgh. ' ' 


#■ 


*30. S. Amerioq 
81. • „ 

*32. Spain' 

' 33. Syria 
34. Mnidad. 


Paisley. 
Cordova. " 


Arequipa; 

San Fexnaiido. 
Beyrut. ' 5. ! 


36. U.S. of America Philadelpbia; 
36. : ' , Baltimore* 
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The last instrument constructed is in charge of Mr. L. Bemacchi, of 
the ss. ^ Discovery.’ If possible it is to be used in the Antarctic Regions. 
Oontinuous records have been received from stations marked with an 
asterisk, whilst Mexico, New Zealand, Trinidad, PhiladejjphiiC, and Balti- 
more have sent occasional records. ^ ^ a 

The last registers issued by the British Asi^iation Committee are 
Circulars Nos. T and 3. These refer to Shidc^ Kew, Toronto, Y ictori^ B. C., 
Sam Fernando, Cairo,* Cape Town, Mauritius, Calcutta, Bombay, Kodai- 
kanal, Batavuu and Cordova. These; are complete up to the end of 
December 1900, excepting for Coidova (CSroular Na. 2 ), the entries for 
wUch end on June 21 , 1900. ^ 

^ The instruments now in use ibt:,loe Sbide station are : — f 

1. A photographic recording hdnspntal jpendutottit oriented North and 
South. This is the type of instiiu:|i|^ similar to^bse at other stations. 

) 2 . A pair of pendulums siibBiAir to the abovej^nented North-South 

and East-West. This instrument wu kindly p ^ your Secretary 

by Mr. A. F. Yaprow. 

3. A pair of horizontal pendulums writiuj^ ph smoked paper. These 
have arms 14 inches in len^h^ and each c^ 10 lb. weight. 

« 4 . A pair of horizontm pCnduliims also Writing on p^oked paper " 
The arms are 9 feet in lengt^ andpach weigte about ICK^b. This and 
instrument No. 3 give open diagraik 30 ^^ V 

5. A simple spiral sprK^ jj^ismogrt^h;^^^ motibii. Record 

photographic. ^ ' r; . ‘ ^ a " 

6 * A large balance arranged to show tHtih^. i 

An analysis of the ea^hquakes recorded drrinj^lile'^^r 1900, similar 
in character to that givep in theJPiftb Bej^rt issued by your Committee 
for the records of the previous year, is in progress. Its length precludes 
it from appearing in these r^rts. ; V 

On the Approxintat^Fre^un/!^ ef 4)tt 

In the Ifoilowing table the laige numerals to the rigli^ of or beneath 
the name of a given, station indicate ttbe a^ual M disturbances 

recorded at that station during givmi interviUs of time. For all stations, 
excepting three, these intervals are;^e^years 1899 and 1900. The three 
exceptione are .Cair(^ tor which the interval is the year 1900 ; Calcutta, 
from July to December 1900 ; and Cordova, from mnuary to June 1900. 
Inasmuch as all stations, for Of V reas^S^s, there have biimi 

intermptions the continuity of pb^rve intervals must 

only be regn*W^od as appipximatidtteiv • A^ in the case of 

certain minute disturbanc^si to determitie whether these have a seismic 
are due to (|^me other cause, the large numerals are only approxi- 

The Sinall; numerals to the right or left of a large numeral give 
the percentage of the earthquakes recorded at the station to which it refers, 
« 01 ^ common to tbpregisters of the other stations. For example, out 

of 210 records at Shidei|iiB per cent, of phem were.also noted at Kew, and 
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40 per cent, at one or more stations in Europe.^ These latter refer to 
Strassburg, Hamburg, Laibach, Trieste, or observatories in Italy. 
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Shide . 

210 

58 

32 

47 

49 

5 

12 

23 

7 

34 

19 

25 

19 

40 

Kew 

54 

220 

i 29 

35 

35 

3 

9 

19 

8 

24 

14 

19 

20 

33 

San Fernando 

87 

i 84 

76 

79 

75 

Al 

23 

48 

15 

63 

36 

59 

53 

69 

Toronto 

40 

. 34 

24 

241 

66 

3 

7 

16 

5 

21 

14 

19 

16 

29 

Victoria, R.C. 

40 

: 33 

23 

56 

246 

3 

9 

17 : 

4 

25 

17 

19 

17 

28 

Cairo . 

18 

i 12 

14 

15 

12 

45 


14 

2 

20 

18 

15 

12 

14 

Madras . 

22 

i 

1& 

18 

19 

3 

115 

19 ‘ 

4 

17 

9 

16 

0 

18 

Bombay 

00 

1 76 

62 

69 

71 

14 

.36 

58 i 

14 

65 I 

45 

52 

23 

62 

Calcutta 
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14 

14 

2 

7 

9 1 

67 

18 1 

14 

14 

— 

18 

Batavia 



21 

26 

29 

4 

9 

14 ! 

9 

237 

19 

18 

17 

21 

Mauritius 

48 

1 42 

39 

47 

53 

9 

13 

31 ' 

13 

54 

61 

41 

! 14 

38 

Cape Town , 

j 63 

i 47 

45 

48 

60 

8 


32 

10 

47 

85 

98 

i 2' 

45 

Cordova 

16 

1 16 

16 

16 

16 

7 


7 

— i 

23 

9 

12 

43 

5 

'(Argentina) 
















From what has been said it is clear that results indicated by the 
above table are, when we have at our disposal materials more dehnite in 
character, open to modification. 

Numerous records, as at Shide (210) and Kew (220), may indicate 
that in the examination of the record-receiving films, in certain instances, 
minute disturbances have been wrongly accepted as having a seismic origin. 
The high number of records accredit^ to Batavia may partly be accounted 
for by the fact at that place there are many local shocks the efiects 
of which have n^been' appreciable at distant j^ations. That the per- 
centage of the Shide records noted at other stations is, in all instances but 
one, greater than the percentage of the* Kew records at corresponding * 
stations (see the first two horizontal lines in the table) indicates that 
either the Kew instrument or the ground on which it rests is less sensi- 
tive to seismic influences thian the instrument or the ground at Shide. 
A similar conclusion is arirlved at if we inspect ^he two vertical sets of 
entries beneath the names of these two stations. 

The fewness of the San Fernando and Bombay records, and the large 
percentage of these which are'found at other stations, may indicate that 
at these stations disturbing influences non-recognisable as seismic but 
rarely occur. For Cairo and Calcutta not only afe Jjhe records few in 
number, but the perce^ages of these common to other stations are also 
low. The explanation of this probably rests on the fact that these two 
stations are installed upon alluvium. At San Fernando cand Bombay, 
where the installations are upon hard sjaterials, although the records are 
not numerous, the percentages of these recognised at other stations are 
high. If this is correct we have here the reverse' of what occurs in the 
case of earthquake motion that can be felt, the motion being greatest, 
upon the alluvium, and least upon the harder strata. 

The low percentages corresponding to the Cordova records may be 
accounted for by the supposition that many of its entries refer to shocks 

* See footnote to p. 47. 
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which do not reach distant stations. Although a list might be made of 
earthquakes recorded at the European stations here considered, but not 
at the thirteen widely separated stations indicated in the above table, 
an inspection of this table shows the converse to be eqimlly true, there 
having been many earthquakes recorded in the south of ^uth Amwica, 
on the east and^west of North America, in South Spain, and in Great 
Britain which have apparently escaped record in Central Europe. 

In connection with t^is subject attention may be drawn to the list of 
earthquakes on pp. 44-46. As this list has been drawn up with great care, 
it me^ be taken for granted that all entries which refer to approximately 
the rame times represent seismic disturbances. The larger of these will 
have been recorded at distant stations. To determine whether this is 
true for the smaller records observers are asked to make a close inspection 
of their photographic traces. 

Sa^rimerUs upon Piers . — At the end of March Professor H. H! Turner, 
E.B.S., visited Shide, where, in conjunction with your Secretary, he 
measured the stiffness of various piers employed to carry seismographs. 
To make a measure of this description a rope was tied round the column 
to be tested about 2 inches from its top. A. spring balance was attached 
to this, and a pull of from 5 to ^ lb. was exerted, with the result that the 
column was deflected. These deflections were measured by an astro- 
nomical level standing on the column, and in certmn instances also by 
the deflection of the boom of horizontal pendulums. The sUffest column 
tested was a 12-inch earthenware drain pipe, 3 feet in length. The appa- 
rent deflection was 0''-09 per one-pound pull. A brick column 6 feet in 
height, and in cross-section 3 feet by 1 foot 6 inches, had per lb. puH a 
deflection angle in directionsjMrallel to its sides of 0"'192 and 0'''05, the 
latter referring to its greatest width. 

II. On Earthquake Records obtained tU Statons on different Geological 
Formations , — The records referred to in tiiis note were Obtained at Kew, 
Shide, Bidston, and Edinburgh. The instruments used wqre Mibe 
horizontal pendulums with photo^phio recording apparatus. They were 
similarly installed, and, so far as it has been practical, were kept with 
similar adjustments. The geological formations at these four stations may 
be briefly described as follows : — , 

Kew . — Thick alluvial deposits of the Thames Valley, which in their 
upper parts at least arc saturated with water. 

/SAufs.— Here the pier carrying the instrument restd upon the dis- 
integrated outcrop of b^B of chalk which ioxp the east and west backbone 
of the Isle of Wight. These beds plunge at a steep angle, to rise again as 
a series of chalk downs to the north of ^e Solent rayond Portsmouth. 

Ridsion. —The Observatory at Bidston is situated on New Bed sand- 
stone. 

Adin3ury/tje-Blackford Hill, on which the Boyal Observatory is 
^tuated, is a gseat sheet of ^felstone;’ or porphyrite of Palseo^oic age. 

The recoi;^ obtained fro|n tbes$ statioiw are as follows 
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Earthquake Frequeuey , — As it is possible that an entry which only 
refers to one station and does not appear to have been noticed in Europe 
may not have had a seismic origin, in the summation of the above lists 
such entries have been omitt^. Adopting this precaution, the number 
of earthquake records obtained at the different stations^arc as follows 

Bidston, 33 or 36 ; Shide, 31 or 33 ; Kew, 26 ; Edinburgh^ 21.* 

Earthquake Duration . — In summing up the total number of minutes 
daring which the pendulums hav| been moved, only the fourteen earth- 
quakes are considered which were recorded or might have been recorded 
at the four stations. The results in minutes are as follows : — Bidston, 919; 
Shide, 887 ; Edinburgh, 825 ; Kew, 761. 

Accuracy in the Observation of Times of Commencenie^Us , — ^The greatest 
possible difference in time we should^nsider likely to exist between the 
commencement of movement for a given earthq|iake at two stations would 
be for disturbances travelling in a lAortherly or southerly direction between 
Shide or Kew and Edinburgh, and this could not be expected to exceed 
hve minutes. Between Shide and Kew there might be a difference of 
one minute, whilst between Bidston and the remaining stations the 
differences should not exceed two and a half minutes. In the columns 
relating to thase differences the zei*o indicates the station at which motion 
was first recorded. The minutes which elapsed before the same dis- 
turbance was noted at the remaining stations arq|indicated by numerals 
to the right or left of the zero. ^ 

A minus sign following one of thero numerals indicates that the time 
interval exceeds the expected interval, whilst a plus sign indicates that 
the numeral is a possible quantity. For the second entry the four minus 
signs indicate that there are not even two entries which are comparable. 
In the third entry for •February 15, Edinburgh and Bidston, like 
Edinburgh and Kew, are possible i^res, and therefore these three 
stations are credited with a plus. 
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Proceeding in this manner, we find th.at out of the eleven earthquakes 
considered, the number of commencements which may approximate to 
correctness are as follows : — Kew, 8 ; Edinburgh, 8 ; Shide, 6 ; Bidston, 4. 

In considering these results it must be remembered that the earth- 
quakes considered are for the most 2 >art small, and the difficulty of accu- 
rately analysing a small seismogram is greater than when analysing one 
that is large. * ^ 

AmplUudes, — For seven earthquakes the sum of the amplitudes of 
motion reckoned in millimetres at the four stations are as follows : — 
Shide, 17*3 ; Bidston, 14*7 ; Edinburgh, 12 8 ; Kow, 121. Assuming 
that these displacepaents represent tiltings, which is improbable, ,the 
results are as follows Kew, 9"'8 ; Shide, 8"*0 ; Edinburgh, 5"‘7 ; 
Bidston, 5''*1. 

The following four figures flftre sketches made from seismograms 
obtained on the specified* dates at Shide, Bidston, and Edinburgh. 
The figures following the letter S indicate the number of millimetres 
equivalent to one hour : — 




Fig. 1. Januaiy 18, 1901. 
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III. On the Records from two aimilar Seismographs at Kew, 

From the National Physical Laboratory, By Charles Curse. 

A Milne seismograph, No. 31, intended for Coimbra,, was set up for 
examination at the National Physical Laboratory on October 30, 1900, 
its pendulum being at the same level and having the same orientation as 
that of the seisnlbgraph No. 9 belonging to the Laboratory. The points 
of suspension of the two pendulums were about 1 1 feet apart. At first 
the supports of No. 31 rested simply on the stone floor, while those of 
No. 9 passed through the floor down to a cement bed* After a month’s 
trial, however, the seismographs were interchanged, with a view to elimi- 
nating the difference, if any, between the supports. The instrunc^ents 
were adjusted to nearly the same sensitiveness (assuming identity of gauge) ; 
they had very approximately the same period and the same rate of 
subsidence of artificially produced vibrations. 

Seven considerable earth tremors were recorded by both instruments. 
In the' four largest the times of commencement of the ‘preliminary 
tremors’ shown by the two traces were in excellent agreement, no differ- 
ence exceeding 0*2 minute. In the other three cases the apparent times < 
differed by from 1 *7 to 4*6 minutes, the difference being greatest for the 
smallest tremors. The times of commencement of the large movements 
agreed better than those of the preliminary tremors. 

As will be seen by a comparison of figs. 5 and 6, there were conspicuous 
differences in details in the records from the two instruments. This, 
presumably, is mainly due to the supports. The instrument standing on the 
fioor had, as a rule, a lessened amplitude of vibration, the reduction ave- 
raging some 30 per cent. There were, however, not infrequent exceptions 

• 

Fig. 5. December 25, IVKH). 


5.27.4 6.55.1 



Seismo. No. 9 on Coimbra table. 


Fio. 6. January 7, 1901. 



Seismo, No. 31 on Kew table. 
B 2 
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to the general rule. After allowing for the supports, a small difference still 
remained between the instruments, the mean apparent amplitude of dis* 
turbed movements being some 10 per cent, greater for No. 31 than for No. 9. 

During the comparison the observ'er, Mr. Constable, noticed that on 
certain days 6t high wind the trace from the seismograph standing on the 
floor showed numerous small movements, many possessing distinct 
asymmetry. Further investigation showed that these. undoubtedly arose 
from vibrations set up in the building by tlie gusts of wind. Minuter 
examination showed that the phenomenon also occurred, though ‘ to a 
much smaller extent, in the traces from the seismograph on the cement 
bed. Wind 9 tlfus clearly a cause of not infrequent tiny movements, 
whose source had hitherto escaped detection. 


IV. Movements of Horizontal Penduliims hi relation to Barometric Pressure, 

For many years it has been recognised that there is a relationship 
between the movements of horizontal pendulums and fluctuations in 
barometric pressure.^ 

An important and apparently practical addition to our knowledge on 
this subject has recently been made by Mr. F, Napier Denison, of 
Victoria, B.C., in a contribution to the Royal Meteorological Society, 
entitled *The Seismograph as a Sensitive Barometer.’ The instrument 
referred to is the one adopted by the British Association. Briefly stated, 
Mr. Denison’s conclusion is that the pendulum swings towards the area 
of greatest barometric pressure. For example, it has been found that 
when a storm ^ area is approaching from the westward the boom of the 
pendulum moves steadily to the eastward, and this often occurs eighteen 
to twenty-four hours before the local barometer begins to fall. On the 
contrary, should there be an important the West, the 

pendulum will swing in that direction before it is possible to ascertain 
the position of such an area on the current weather charts. 

As partial confirmation of Mr. Denison’s observation, it may be men< 
tioned that a gradual but decided movement of the Shide pendulum 
towards the West precedes stormy weather, whilst in the Report for 1895 
referred to above there are tables showing a close relationship between 
displacements of pendulums. in Tokio and the barometric gradients at that 
place. 


V. An Attempt to Detect and Measure any Relative Movement of the 

Uptcay^ that may now he taking place at the Ridgeway Faulty near 

Strata Dorsetshire. Second Report by Horace Darwin, June 1901. 

Many of the early readings havd been found to bo of <jio value, because 
water had got into the vessels containing the oil and hi^d blocked its free 
passage through the pipe ; this difficulty has, we hope, bee^n overcome by 
making the covers of the vessels more completely watertight. 

* Sec Reports on ‘Earthquake and Volcaoic Phenomena,* issued by the British 
AssociaUon in 1883, 1886, 1887, 1888, 1892, 1893, 1895, 1896. 

For a theoretical discussion of this subject see ‘ Applications of Physios and 
Mathematics to Seismology,* by Dr. C. Chroe, Phif. Mag,, March 1897, p. 185. 
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No slip of the Fault has been detected at present ; but we should 
hardly expect a definite result during the short time in which the appa- 
ratus has been in working order. 

TJie results obtained so far have been of use» in pointing out the 
difficulties to be overcome and the various defects of the instrument. 
The movement of the ground caused by slight earthquakes and earth- 
tilts is one of theSe difficulties, and our experiment on April 24 brought 
this to light in a very striking manner. The instrument was placed at 
the station SS. at the south end of the pipe,^ and readings were taken 
every few minutes from I to 3 p.m. These readings give the relative 
movement of a fixed point in the strata and the surface of the oil. The 
movement was most irregular, and during that time the maximum 
displacement was about 0*3 mm. This can only mean that a line passing 
through fixed points in the rock was constantly changing its angle with 
the horizon ; and that the oil was 4tfways flowing backwards ^and for- 
wards in its attempt to remain level. At about 1.40 p.m. the value of 
the readings reached a minimum, and then began to increase, showing 
that the angular movement of the strata changed its direction at this 
time. If we assume that the oil was level when the two readings were 
taken which diflered by about 0*3 mm«^, it shows that the rock tilted through 
an angle of about six and a half seconds. 

No doubt there was an exceptionally large movement due to slight 
earthquakes and earth- tilts during the time that these observations were 
being taken, as Mr. J. Milne tells me that his larga pendulum at Shide, 
Isle of Wight, was swinging regularly, and that this is supposed to be 
due to earth pulsations. 

A telegram from Rome appeared in the dai1y*papers reporting a slight 
earthquake on April 24 at ^30 P.M. at Lisbon, and a severe shock at 
4.30 P.M. in Algarve, near Lisbon. (4.30 p.m, at Lisbon is 5.7 Greenwich 
time.) 

A note appeared in ‘ Nature ’of July .18, 1901, saying that an account 
of the earthquake of April 24 in tllip neighbourho^ of Palombara Sabina 
is given by Dr. Luigi Palazzo in the * Atti dei Lincei,’ x. 9. He thinks it 
probable that the epicentre was at a sulphur spring about a kilometre 
distant from Cretone, and that the origin 6f the shock was in the strata 
from which the spring arises, at a comparatively small depth. Consider- 
able damage was done at Cretone. The shock was registered at the 
Central Meteorological Office at about 15h. 20m. 25s. Italiai) time : this is 
2h. 20m. 25s. p.m. Greenwich time. * , * , 

Mr. Rollo Russell noticed an unusual agitation of the sea at 
Bournemouth on April 24 at 7.50 a.m., and between 12 and 1 p.m. There 
an exceptionally large wave soon after 3 o’clock.® 

Mr. C. Davison-* thinks that the disturbances may have been due to 
the firing of heavy guns. ' The disturbances were noticed in South Devon 
asPwell as at Bournemrath. 

The movemeift of the earth on April 24 was no doubt exceptionally 
large, but observations at other times lead me to think that such move- 
ments, due to slight earthquakes and earth- tilts, take place very frequently. 


at connects four vessels^which contain oil ; they are in a 

anil to the Fault ; two of them are on each side of it at fot 

and nine metres from it. - 

See A^ature, May 2, 1001. ^ 


straight line 
four and a half 


XaUtre^ June C, 1901. 
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and these are sufficiently large to make the last two figures in the delicate 
micrometer measurements almost useless. 

I hope to reduce this motion of the oil by making the holes through 
which it enters and leaves the vessels sufficiently small to damp the oscil- 
latory movement without preventing the oil finding its own level. 

A similar instrument fixed to the rock at a place where there is no 
Fault would give a delicate and accurate method of measuring these slow 
earth-tilts. 

Tables of Certain MathemaUcal Functions. — Report of the Committee^ 
consisting of Lord Kelvin {Chairman), Lieutenant-Colonel 
Allan Cunningham, B.E. (Secretary), Dr. J. W. L. Glaisher, 
Professor A. G. Greenhill, Professor W. M. Hicks, Professor A. 
Lodge, and Major P. A. MacM^on, R.A., appointed for calcndatincf 
Tables of Certain Mathematum Functions, and, if necessary, for 
talcing steps to carry out the calculations, and to publish the results in 
an accessible form. 

The printing of the ‘ Binary Canon ’ was finished at end of last year. 
The work, as printed off, has been read again with the MS. ; a list of the 
few misprints discovered has been issued with the volume. The edition 
is 250 copies, of which 100 have been bound. Arrangements have .been 
made with Messrs. Taylor & Francis, of Red Lion Court, Fleet Street, for 
publicatioii on the usual terms : the sale price will be 15.?. About thirty- 
six presentation copies have been given away to various public bodies, to 
reviewers, and to those concerned in the work itself. The whole of the 
grants received (75/. from the British Association and 60/. from the 
Royal Society of London), total 135/., has Ween expended. 

The Committee wish now to recommend that a large set of new tables 
of Quadratic Partitions, prepared by Colonel A. Cunningham (for the 
checking of which a grant of 30/. has already been made by the Royal 
Society of London), should be published by the British Association, and 
hereby apply for a grant of 80/. for the same. 


Metem'ological Observations on Ben Nevis. — heport of the Committee, 
considing of Lord McLaren, Professor A. Crum Brown (Secretary), 
8ir John Murray, Professor R. Copeland, and Dr. Alexander 
Buchan. (Brawn up by Dr. Buchan.) 

The Committee are appointed for the purpose of co-operating with the 
Scottish Meteorological Society in making meteorological observations at 
the two Ben Nevis Observatories. 

The hourly eye observations, mc^e by night as well as by day, have 
been regularly made by Mr. Angus Rankin, the superintendent and his 
assistants. 

The health of the observers has continued good since laS»t report, with 
the exception of Mr. Rankin, who has not yet quite recovered from the 
two severe attacks of influenza he has had. The directors desire to ex- 
press their cordial thanks to Messrs. .W. Gentle, R. C. Marshall, and 
T. Affleck for Jlhe invaluable services they rendered last summer as volun- 
teer observers, thus rendering it possible to give the members of the staff 
the rest they need from their arduous work. 
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The principal results of the observations made at the two observa 
tones during 1900 are detailed in Table I. 

Table I. 


1900 I Jan. | Feb. |BIaroh| April | May | June | July | Aug. | Sept. | Oot. | Noy.| Dec. | Year 


Mean Presgv/re in Inches* 

Ben NeyisOb- 25*160 24*018; 25*417. 25*268 26*849{ 25*3861 25*450| 25*4601 25*476: 25*247 25*1231 25*041 3i*27l 
servatory 

Fort William 29*765 20*545 S0*087 29*848 29*907| 29*859| 29*925 29*948| 30*004] 29*685] 29*692| 29*83 

Differences . 4*651 

Mean Temp^atures. 

BcnNerisOb- 24*3 18^9 2*4 29^0 82^5 4f*8 42^3 40^8 89'*7 30**4 28^8 28^4 3l"6 

servatory * 

Fort William 40*1 33*3 *9 44*9 49*4 66*6 57*4 56*4 53*4 45*8 42*4 43*4 46*8 

Differences . 16*8 14*4 *6 15*9 16*9 14*8 16*1 15*6 13*7 16*4 13*6 15*0 15*2 

Extremes of Temperature^ Maxima, 

BenNcvisOb- 35*8 31*4 37*0 46*2 47*0 55*2 54*0 61*0 59*4 44*0 41*6 40*0 61*0 

servatory 

Port William 62*4 49*5 52*0 67*6 68*6 79*0 71*» 76*1 70*0 63*9 58*0 58*1 79*0 

Differences . 16*6 17*9 16*0 22*8 21 6 23*8 17*3 16*1 10*6 19*9 16*5 18*1 23*8 

Extremes of Temperatwre^ Minima, 

BenNievisOb- 16*0 6*0 9*3 16*2 19*8 82*8 80*3 28*7 24*8 19*4 18*6 ^18*5 6*0 

servatory 

Fort William 29*4 10*0 23*0 30*2 84*7 41*7 37*8 41*0 34*0 27*6 28*1 28*9 10*0 

Differences . 14*4 4*0 13*7 14*0 14*9 8*9 7*5 12*3 9*2 8*2 9*5 10*4 4*0 

BMtfallt vn Inches. 

Ben Nevis 6b- 35*32 7*75 3*84 20*22 14*76 6*97 13*12 11*86 16*96 20*93 10*28 48*84 210*34 

servatorjf 

Port William 9*99 3*26 0*64 5*87 6*04 4*40 4*51 6*06 7*40 8*80 4*87 20*85 82*19 

Differences . 25*33 ^ 4*49 3*20 14*35 8*72 2*57 8*61 5*79 9*66 12*13 5*91 27^49 128*15 

Number of Days 1 in. or more fell. 

BenNcvisOb - 1 13 2 19 5 0 1 5 617 2 18 

servatory I 

Fort William! 2 0 0 0 2 0 0 2 2ri 0 6115 

Differences .111 2 1 9 3 0 1 3 416 2 12] 54 

Nvmher of D^s 0*01 in. or more fell. 

BenNevlsOb- 30 20 15 21 20 21 28 18 28 26 24 30 276 

servatory 

Fort William 28 17 10 22 18 17 24 16 19 24 20 81 

Differences .2 3 5 +1 2 4 4 2 4 2 4 +1 

Mean Bainhand (scale 0-8). 

BenNevisOb- — 1*1 1*6 — — 8*1 2*9 8*2 2*6 — 1*6 1*9 

servatory 

Fort William 8*7 3*0 2*7 3*1 3*6 4*0 4*8 - 1*1 4*0 3*8 3*6 4*0 3*7 

Differences — — — — » .i.. — 

Number of Hours of Bright Sunshine. 

BenNevisOb- 4 84 103 80 98 189 48 92 76 24 17 4 718 

servatory 

Fort Wmiarn 15 62 119 121 146 182 97 189 86 59 24 1 1,040 

Differences . 11 18 16 41 47 43 49 47 11 35 7 +3 822 

^ ^ Meun Hourly Velocity of Wind^ in Miles. 

BenNevisOb - 1 18 ( 19 | 9 ( 10 | 14 | 11 1 11 12 

servatory J ^ ' ' ' ' ' ‘ 

Percentage of Cloud. 

BenNevisOb- 96 80 70 70 82 79 93 84 78 90 89 97 84 

servatory 

Port, William 84 72 64 68 76 72 88 72 70 63 66 86 73 

Differences . ]2 8 6 2 7 7 6 12 8 27 23 11 11 

This table shows for 1900 the mean, monthly and eii:treme temperature 
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Hnd pressure ; the amounts of rainfall, the number of days of rainfall, and 
days on which it equalled or exceeded one inch ; the hours of sunshine ; 
the mean percentage of cloud ; the mean rainband ; and the mean velocity 
in miles per hour of the wind at the top of the mountain. The mean 
barometric presshres at Fort William are reduced to 32^ and sea level, but 
those at Ben Nevis Observatory to 32° only. 

At Fort William the mean atmospheric pressure w&«i 29-831 inches,, 
or 0*026 inch under the average. The mean at the top was 25*275 inches, 
or 0*031 under the average. The mean diiference for the two observa- 
tories was 4*556 inches. At the top the absolutely highest pressure for 
the year was 25*97*4 inches in March, this being the highest hitherto 
recoi-ded in March, and the lowestr 23*972 inches in December ; and at 
Fort William the highest was 30*687 ^ches, and the lowest 28*411 inches 
in the same months, the differences being respectively 2 002 inches and 
2*276 inches. 

The deviations of . the mean temperatures of the months from their 
respective averages are shown in Table II. : — 

Table II. 


¥ 


Fort 

William. 

Top of 

Ben Nevis. 


Fort Top of 

William. Ben Nevis. 

January . 

* 

o 

. +1*0 

o 

+ 0-3 

Jaly- . . 

o 

. +0*7 

o 

+ 1*6 

February . 


. -.6 0 

-5*0 

August 

0*0 

+ 0*4 

March 


. -2*0 

-1*2 

September 

. +0*4 

+ 1*8 

April 

. 

. -0*2 

+ 1*0 

October . 

.,-0*8 

-1*2 

May 

, 

. -0*7 

-0*6 

1 November 

. -0*4 

0*0 

June 


. +12 

+ 2*5 1 

1 December 

. +3-8 

+ 32 


February was the coldest month, the temperature at both observa- 
tories being 5°*0 under the average. In this month south westerly winds 
were six days short of their average prevalence, and northerly winds four 
days in excess. Hence the unusually low temperature which was equally 
felt both at the foot and top of Ben NeVis. On the other hand, temper- 
ature was above the average in the four months from June to September,^ 
the excess 1°*6 at the top of Ben Nevis, but only 0°*6 at Fort \V’illiam, 
the difference being due to the frequent occurrence of the anticyclonic 
type of weather during the summer of 1900. The absolutely highest 
temperature for the year at Fort William was 79°*0 on June 13, and at 
the top 61°*0 on August 13 ; and the lowest at Fort William 10° *0 on 
February 10 and 12, and at the top 6°*0 on February 7. 

In Table III. are given for each month the lowest observed hygro- 
metric readings at the top of Ben Nevis ; — 


Table III. 


I lorx) 

! 

: Dry Bulb 
Wet Bulb 
Dew-point 
Elastic Force . 
Itelatlve Hamiditv 
[Sat. « 100] 

Day of Month 
Hour of Day . 


JL 


Jan. 

Feb. 

Mar. 

April 

May 

Juno 

July 

Aug. 

Sepl.' 

Oot. 

Nov. 

Deo. 

e 

24-0 

120 

2G'5 

29*2 

■ 38*8 

S&S 

49*8 

gS-o 


21-1 

2f-0 

24-7 

20*1 

9-2 

19-7 

26‘1 

30-2 

40‘2 

89‘0 

41*0 

41-2 

22-0 

211 

22*1 

-3*0 

-19‘7 

-12*9 

10-8 

20-8 

29-9 

20-4 

290 

26-0 

4-7 

-6-0 

7-4 

‘038 

‘018 

•023 

•070 

•112 

•166 

•162 

•160 

*141 

*054 

•032 

•060 

29 

23 

16 

44 

51 


46 

89 

29 

40 

22 

45 

10 

11 

4 

27 

16 

3 

10 

15 

18 

16 

18 

4 

• 23 

23 

1 

20 

8 

17 

20 

» 

16 

6 

2 

7 
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Of these relative humidities the lowest, 16, occurred on March 4 with 
a dew-point of — 12°*9. The lowest dew point, — 10®'7, occurred on 
February 11, (he dry bulb being 12®-9 and the wet bulb 9®-2. A marked 
feature of the table is the singularly high minimum humidities in April, 
May, June, July, and December. 

The rainfall for the year at the top was 210*34 inches, being' 
52*61 inches, or 3l!l( per-cent., above the average. This large rainfall heus 
been exceeded only by that of 1898, which amounted to 240*05 inches. 
The December amount, 48*34 inches, is the largest monthly fall yet 
recorded at the Ben Nevis Observatory. The following ^re the four 
wettest months of the year : — 

« . 

Inches 

December ...... 4834 

January 35 32 

October . ^ 20 9.3 

April 20*22 


Total . . 124*81 in four months. 

Taking Scotland as a whole, the year 1900 was one of the wettest yet 
^ recorded, and has been only exceeded by the rainfall of 1872. Excep- 
. tionally heavy daily rainmlls were of frequent occurrence, the two 
^ heaviest being 6*81 inches on January 22, and 5*41 inches on December 8. 
At Fort William the annual rainfall was 82*19 inches, being 5*28 inches, 
or 7 per cent., above the average. The largest monthly amount was 
20*85 inches in December, accompanying the extraordinary prevalence of 
. south- westerly winds during the month. 

At the top of Ben Nevis the number of rainy days was 276, and at 
Fort William 246. At the jtc^ the maximum monthly was. 30 days in 
January and December, and at Fort William 31 days in December and 

28 days in January. In March there were only 15 rainy da^s at the top 
» and 10 days at Fort William. During the year the number of days on 

which 1 inch of rain or more fell^^t the top was 69, whereas at Fort 
William the number of days was only 15. 

The sunshine recorder on Ben Nevis showed 718 hours out of a 
possible of « 4,470 hours, or 16 per cen^ of the possible sunshine. The 
average of the past 17 years being 747^ours, the sunshine of 1900 was 

29 hours under the average, ^he two maximum months are June, 139 
hours, and March, 103 hours, and the two minimum months. January and 
December, with 4 hours each. At Fort William tlje number of hours 
'was 1,040. This 'is lower than any recorded since these observations 
began to be made, except in 1896, when the nunUlier was 1,036 hours. 
The maximum, 182, was" recorded in June, and the minimum, 1 hour 
only, in December. This is the lowest minimum ^et recorded, but the 
same low minimum, 1 hour, was also recorded at the top for December 
1883. In the tl^e dfimmer months, June, July^ and August, of 1899 
the hours of sunshine at the top were 425, and at Fort William 488 ; but 
Di the same moCiths of 1900 these were respectively only 279 and 418. 

At the Ben Nevis Observatory the mean percentage of cloud was 84, 
William 73, both being very nearly the average. At the top 
the high mean percentages of 97 in December and 96 in January were 
observed ; and at Port William 88 per cent, in July and 86 in December. 

Auroras were observed only once, viz., March 2. Thiar is in accord- 
ance with the number of sunspots being near the minimum at this time. 
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St. Elmo’s Fire was seen on January 19, 20 ; February 18 ; June 30 ; 
and July 24. 

Zodiacal Light : — Not observed during the year. 

Thunder a^d Lightning : — June 11, 12, 13, 20, 21. 

Lightning only : — December 13. 

Solar Halos : — March 23 ; April 1 ; June 21 ; September 26. 

Lunar Halos ; — February 7, 9 ; March 17, 18, 19 j'wuly 13; October 
3, 30 ; November 8 ; December 3, 4. 

During the past year much of Dr. Buchan’s oirne has been occupied in 
a larger investigation than has hitherto been attempted of the fogs and 
of the storms *of winds round the Scottish coasts. These two distinct 
inquiries are based on 4;he observations made at the sixty five Scottish 
lighthouses night and day down to December 1900. 

As regards the fogs, the results show the mean monthly and annual 
number which have occurred at each of the £[xty-five lighthouses from 
1880 to 1900, thei number of hours fog has prevailed during these 
twenty years, and the mean number of hours the fog on its occurrence 
lasts at each place. As regards storms of wind, similar results have been 
worked out for the twenty years ending 1900. 

Now as regards weather forecasting, fogs are among the more pro- 
minent of the phenomena attending on the anticyclonp ; and storms of 
wind, rain, and snow are the most prominent features of the weather 
phenomena attending the cyclone. Diagranqs giving these results show 
that, as regards storms, the number which occur in each month strictly 
follow the sun, the maximum number being in December and the 
minimum in J une. This is the relation observ^ for the storms occurring 
in Scotland taken as a whole. 

On the other hand fogs also follow the « sun in the number of the 
monthly occurrences, but in a reverse order, the maximum number 
occurring in J une and the minimum in December. It is to be observed 
that the maximum period includes the two months J une and J uly, afid 
the minimum the three months Nove]||pJber, December, and January. 

These elaborate papers on storms and fogs are merely introductory to 
the wider discussion of weather phenomena which has been undertaken 
touching the relations of the Ben Nevis observations to storms^ of winds, 
widespread clouded skies, sever^storms of rain and snow, and fogs to 
the changing positions day by day of the^ cyclones and anticyclones of 
North-western Europe. This research involves an analysis of the daily 
weather maps for Scotland, showing for each day from July 17, 1890, to 
this date the geographical distribution of storms of wind, the rainfall, 
thunderstorm, aurora^and other weather phenomena appended as sup- 
plements to the bi- daily weather maps issued by the Meteorological 
Council. It will be dt once evident that this research necessitates heavy 
labour, stretching over a long period — from two to three years at least. 

Mr. Omond’s time during the past year has if^en Idlrgely directed to 
the utilisation of the observations made at the High Level observatories 
of Europe viewed in connection with the Ben Nevis obrervations and 
their bearings on weather changes. In connection with this work the 
observations at the following High Level observatories are being utilised : 

In Fraruie — Barcelonette, 3,714 feet ; Servance, 3,990 feet ; Gavarnie, 
4,452 feet ; Puy-de-D6me, 4,813 feet ; Aigoual, 5,099 feet ; Mont 
Ventoux, 6,234 feet ; and Pic de Midi, 9,380 feet. In Oermany — 
Brocken, 3,766 feet ; and Schneekoppe, ,5,259 feet. In Austria — 
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Semmering, 3,297 feet ; Crkvice, 3,599 feet ; St. Anton, 4,285 feet ; 
Marienberg, 4,341 feet ; Schneeberg, 4,810 feet ; Schafberg, 5,827 feet ; 
Bathhausl^rg, 6,283 feet ; Schnittenhoe, 6,349 feet ; Obirgipfel, 6,706 feet ; 
and Sonnblick, 10,154 feet. In Italy — Monte Cave, 3,} 66 feet; and 
Monteversine, 4,518 feet. In /SmteeHand-— Chaumont, 3,701 feet ; Rigi 
Kulm, 5,873 feet ; Santis, 8,094 feet ; and Great St. Bernard, 8,130 feet. 
In Algeria — Ten%t-el-Haal, 3,738 feet; and Aflou, 4,679 feet. 

Along with these twenty- seven stations several Low Level stations 
are utilised in determining the vertical gradients of pressure, tempera- 
ture, and moisture. Particular attention is given to the different direc- 
tions of the winds at different heights, differences which so often point 
clearly to very different distributions of barometric pressure at the higher 
levels of the atmosphere than what prevails at sea-lbvels at the same 
time. It is just these different distributions of pressure in the higher 
layers of the atmosphere from what prevails at sea- level at the same 
time which is most likely to aid the forecaster of wdhther in seeing the 
most probable distribution of the sea level pressure one day, two days, or 
even three days in advance. 

Now it was pointed out in our report for last year that if the 
forecaster can guess what tile distribution of the barometric pressure will 
be at some future time, he can state what the weather will be at that 
time. Hence the whole problem of forec^isting resolves itself foreseeing 
the arrangement of barometric pressure in the future. The distribution 
of pressure does not shift arbitrarily, but the areas of high and low 
pressures existing on any one day change into those of the next day by 
movement over the earth and by increase or diminution in intensity, in 
accordance with physical laws. 

The scientitic study of thb causes of the movements of these areas of 
high and low pressures, called respectively anticyclones and cyclones, can 
only be said to be just beginning ; and until this great inquiry has made 
some substantial progress we cannot have a science of forecasting, as we 
have now a science of climatologioal meteorology. 

This is the inquiry which Mr. Omond, aided by the staff of the 
Scottish Meteorological Society, has enter^ on, and like the inquiry 
previously referred to will take from tyo to three years for the prepara- 
tion of a report showing the general relations of the observations made 
at the two Ben Nevis Observatories to the coming changes in the imme- 
diate future in the distribution of the sea-level pressures, .which rule the 
weather one day, two days, or three days in advance.. 

It is evident that in carrying on this large work Dr. Buchan and 
Mr. Omond require the help of well qualified assistants, and your 
Committee have much pleasure in intimating that this has been provided. 
As intimated in our last report a generous donor in July 1900 sent a 
handsome donation of^ 300i?. to the Directors of the observatories for this 
purpose, and a^the result Mr, Andrew Watt, M.A., has been on the 
staff during the past year. We have the further pleasure of intimating 
that another ^gen^leman, who dedir^ to be unknown, has fowarded a 
cheque for 500/. to provide additional help in carrying on these large and 
expensive inquiries. There is thus every reason to hope that the examina- 
tion and discussion of the work of the two observatories will be thorough, 
have scientific utility in the general study of the phenomena of 
weather, and a practical utility in its bearing on weather forecasting. 

It was intimated last year that provision had been made for the 
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inaiutenaiice of the observatories to the end of 11)01. We have the 
further pleasure of adding that Mr. Bernard has most generously given 
a fourth donation of oOO/., in addition to the 1,500/. previously given by 
him ; and the Meteorological Council have agreed to continue their grant 
of 250/. to the Low Level Observatory for another year. Provision is 
thus made for the maintenance of the two observatories to the close 
of 1902. 

In the meantime the printing of the observations made at the two 
observatories since 1888 proceeds, and already^ the first of the three 
quarto volumes has been printed, and will bo issued in the course of 
next winter. In addition to the observations, this volume will also con- 
tain several papers and discussion, many of which have been laid before 
the British Associlition in our reports from year to year. The publi- 
cation of these volumes has been undertaken by the Royal Societies 
of London and Edinburgh, and the cost is estimated nt 1 ,000/. 

• 


The CleariiKj of Tarhid Sohdiom, and the Moveitmil of Small Sus-^ 

pended Particles hy the Injluence of Light. By Professor G. 
Quincke, of Heidelberg. 

[Ordered by the General Committee to be printed in rHenso.'} 

By ‘ turbid solutions ’ or ‘ suspensions * (triibe Lbsungen, Triibungen) 1 
mean water in which many small solid or fluid particles are suspended for 
a long time. The small particles are visible with the microscope. 
Colloidal solutions with doubtful character will be discussed later. 

Sedimentation, or the formation of flocks, flocking, is observed if small 
quantities of acid or salt solutions are brought into contact or are mixed 
with the turbid solution. 

For instance, the sandbank at the mouth of a river is the effect of the 
clearing power of the sea water on the particles of clay suspended in the 
fresh water of the river. . 

Turbid solutions of clay, kaoline, silica, gum mastic, arc flocked by 
quantities of acid or salt so small that the increase of weight by the 
clearing substance cannot explain ^he augmented velocity, or the flocking 
of the falling particles, or the sedimentation of the turbid solution. 

Franz Schulze^ and Schloesing ^ found irrooo calcium or 

magnesium salts sufficient to clear suspensions of clay. Bodlander ^ has 
measured the clearing or coagulating power of diflerent salts for suspen- 
sions of kaoline ; Hardy ^ for suspension of gum mastic ; Spring ^ for sus- 
pensions of gum mastic, kaoline, silica. Bodlander found suspensions of 
kaoline flocked if the quantity of the added saltds greater than a distinct, 
very small quantity, the * Schwellenwerth ’ of the clearing substance. 
Electrolytes promote, insulators retard, the clearing of the suspensions,^ 
(Bams,® Bodlander). The clearing power of a salt depen(lrs on the valance 
of the salt and the kation of the electrolyte (Hardy, Spring). 

According to Hardy, the particles of gum mastic, orgeat-modified 

* Franz Schulze, PoggendorJBTs Annalen^ 1866, vol. cxxix. p. 366. 

* Ch. Schloesing, Compt. Rend., 1870, vol. Ixx. p. 1315. 

* G. Bodlander, Giitt, Nachr., 1893, p. 267. 

* W. B. Hardy, Proc. Roy. Soc., 1900, vol. Ixvi. pp. 111-119. 

* W. Spring, Rec. Trar. Chini. de» Raye Baz, 1900, vol. x. (2 ser. 4), ho. 3, pp. 
222, 294. 

* C. Bams, PUys, Beihl., 1 888, vol. xii. p. 663. 
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proteid move in a contrary direction to an electric current. In presence 
of a minute amount of barium cliloride or free acid the particles of 
gurn mastic, or heat-modified proteid, move with the electric current. At 
the isoelectric point, for a distinct small quantity of barium chloride or 
acid, the electric movement vanishes and coagulation dr precipitation 
occurs. An explanation of the clearing power of the acids or salts is not 
given. ^ 

In the coagulated solution^ I found flocks adhering to the walls of the 
glass vessels and many «air bubbles distributed among the flocks. Both 
phenomena prove that on the surface of the flocks at least, a short time 
after formation of the flocks, an oily viscous fluid exists. At the surface 
of separation of this oily fluid and the surrounding aqueous fluid, a 
surface tension acts and air bubbles are separated, as at the limit of two 
heterogeneous fluids. Probably changes of the surface tension of the 
boundary of oily jind aqueous fluid and the periodical spreading of hetero- 
geneous liquid will excite vortices and unite the smalj suspended particles 
and form the flocks. The surface forces are the same as the forces which 
form foam -cells by the contact of alkaline oleates with yvater, which I 
demonstrated at the meeting of the British Association at Oxford, 1894. 
The flocking influence of quantities of clearing matter so very small is 
now intelligible. 

I shall prove that this explanation is the right one. 

Alcoholic solution of gum 'mastic gives in a large mass of water many 
unseen tlircads and foam- walls, in which are distributed a great many 
small visible spheres. If copper sulphate is added to the water with the 
mastic foam the foam-walls move against the copper sulphate, become 
clearer, and are dissolved. The spheres and the foam-walls prove the 
formation of an oily viscous (|uid by the action of water and gum mastic, > 
which I will call mastic hydrate, and which possesses a surface tension at 
the surface of separation from water. The copper sulphate is soluble in 
water and in mastic hydrate, has tlie surface tension zero at the boundary* 
with water, and in the boundary with mastic hydrate, and must be spread 
out on the common surface of dlastic hydrate and surrounding >vater. 
The spreading excites vortices and draws the surrounding matter towards 
the spreading centre ; the surrounding fluid is stirred up, a new portion 
of copper sulphate is brought into contact with the mastic surface, spreads 
out, and so, in short periods, the spreading of the added salt and the 
formation of vortices are repeated, and the mastic particles are attracted 
by the copper solution. * 

The solution of copper sulphate, which is placed 'by means of a long 
thin funnel under a turbid solution of mastic in a test tube, wdll diffuse 
in the mastic solution, spread out on the surface of the suspended par- 
ticles,. excite vortices, anrf draw the mastic particles together or against 
the walls of the test tube, where they will adhere. The connected viscous 
•matter will flo^ together and form drops, bubbles, or coherent foam- 
cells, flocks. 0» the suriace of the mastic hydrate, as in all newly formed 
boundaries of two heterogeneous fluids, the absorbed air is separated in 
small bubbles. One part of the flocks will rise with the adhering air, the 
other part with the larger flocks wall sink to the surface of the salt 
solution. 

The spreading or vortices of sufficient energy and the connection or 
flocking of the suspended particles demand a certain concentration of the 
copper sulphate, corresponding to the ‘ Schwellenwerth ’ of Bodlander. 

Solutions of NaCl, HCl, K 2 ^** 2 ^ 7 > ^©^1.3, spread out on the surface of 
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mastic hydrate, as CuSo„ and have the surface tension zero. The coagula- 
tion, or clearing of mastic solution by this salt solution, is explained in the 
same way as with CUSO 4 . 

Turbid solutions of kaoline in glass cylinders of 100 x 10 cm. form a 
series of horizontal layers separated by equal intervals. After two 
months a great many flocks adhere on the shaded side of the glass. Under 
the microscope the flocks show threads or tubes of a downward flowing 
liquid, with spheroidal enlargements or contractions (Anschwellungen una 
Eiiisclinurungen). The sediment at the bottom pf the glass cylinder has 
the appearamre of solidified liquid, containing deformed bubbles and 
coherent foam-cello, smooth spheres of diameter 0*002 to 0*0004 mm., with 
greater refraction than the surrounding substance. 

The particles of kaoline are covered by the action of the water with 
an oily viscous fluid, probably silica hydrate, on the surface of which 
another fluid is spread out. The periodical spreading ponibines the sus- 
pended kaoline particles in larger flocks, which slowly sink to the ground 
or are drawn by th? vortices against the glass walls, where the particles 
covered with oily fluid adhere. The oily silica hydrate forms spheres, 
V)ubbles, or coherent foam-cells, and afterwards becomes solidified. 

Turbid solutions of | kaoline in test-tube solutions over CuSO,, 
FeCla, CaCl.j, or Ca(HO), give foam -flocks with thin walls in which 
many little grains are distributed, or with thick foam-walls in which, 
again, small chambers or cells with thin walls are enclosed. The flocks 
of kaoline formed in the beginning by the viscous fluid adhere to the 
glass wall. 

Also over solutions of sugar, solutions of kaoline form two thick 
flock-layers. ♦ 

Turbid solutions of potash soap have shown flocks over chloroform, 
sulphide of carbon, aqueous solution of sugar, CuSO.„ HCl. 

Turbid solution of oleic acid .has been flocked by solutions of HCl, 
* CuS() 4 , chloroform, sulphide of carbon, and sugar ; turbid solution of 
China ink by solution of CuSO^ and HCl. 

The order of the flocking solution, determined by the velocity of the 
clearing, changes with the concentration of the suspended particles. 

Electrolytes and insulators may be clearing substances. 

The flocks of mastic and k<aoline, formed by artificial clearing by means 
of the light, adhere to the shaded side of the glass- wall. 

The views of Barus, Hardy, and Spring on the clearing power of 
different liquids, especially of the electrolytes, are not confirmed by my 
experiments. It is not proved that the kation of the clearing electrolyte 
is the clearing substance. 

The fiocks of gum mastic in the turbid solution are formed by a thin 
Ijayer of mastic salt solution (inastixhaltiger Balzlosung), which is con- 
nected to the surface of the mastic particles by molecular force. This 
thin layer of mastic salt solution will develop no sensilfle electromotive 
force in contact with the pure salt solution outside, and no movement of 
the suspended particles with the thin layer by an electric current will be 
possible. My theory explains the formation of the fiocks &nd of the iso- 
electric flocks of Hardy, which are not. moved by the electric current. 
The process of clearing is the same in all turbid solutions. All flocked 
particles, or suspended particles united in fiocks, are covered with a thin 
layer of solution, nearly isoelectric with the surrounding pure salt solti- 
tion, and cannot be moved by electric forces. 
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If by the influence of light more spreading fluid is formed on the 
light side than on the shad^ side of the suspended particles the sus- 
pended particles will go towards the light. I call this phenomenon posi- 
tive photodroray. 

If the influence of light stops the formation of the spr&ding solution 
or the spreading film, the flocks would go to the shaded side, or will show 
negative photodrrmiy. 

A retarding imluence of the light is not probable, but many physicists 
suppose -with E. Becquerel a retarding or stopping influence of red light 
in the case of the fluorescence of Sidot-Blende. I think that the negative 
photodromy may also be explained by the heating effect of the light and 
the formation of air bubbles on the light side of the suspended particles. 
The air bubbles will hinder the spreading of the newly formed solution on 
the surface of the suspended particles, and the vortices of sufficient 
energy will only exist on the shaded side, and the flocks will go away from 
the light or show negative photodromy. 

Turbid solutions of gum mastic, silica, sodium or potassium silicate, 
kaoline, gummi gutti, shellac, soap, proteid, can remain apparently 
unchanged for months or years, but after some weeks or months we can 
always And flocks at the bottom of the solution. Moreover horizontal 
layers are formed with more or less suspended particles. 

What is the reason of the stability of the turbid solution ? Hardy ^ and 
J. J. Thomson see the reason for the stability in the electromotive force 
at the boundary of the suspended particles and the surrounding fluid, 
which hinders the movement of Jbhe solid particles, while, according to 
Dorn,^ electric work is done by the displacement of the particles. The 
action is the same as if the viscosity of the fluid had been increased. 

That electric work is done^by the displacement of suspended particles, 
or by the displacement of fluids over the solid walls of porous bodies, and 
that electromotive force exists at this boundary was known before the 
researches of Dorn, and is a consequence of my old researches on capillary 
electric currents.** If the explanation of Hardy and J. J. Thomson should 
be right, the turbid solutions musffhave the greatest stability if the sus- 
pended particles show the greatest electromotive force in contact with the 
surrounding fluid -t.e., sulphur, silica, shellac, suspended in water. But 
shellac gives turbid solutions of little stability. It may be that the 
electromotive force at the boundary of liquid and suspended particles may 
increase the stability of the suspension, but the principal reason of the 
stability may be that the velocity of the falling particles if? not constant, 
but variable or periodic. The impulses of the periodic velocity are 
propagated with the velocity of sound, and will be reflected inside or at 
the bottom of the turbid solution. The direct impulse will interfere with 
the reflected impulses, and the particles will be collected in horizontal 
layers at distances of half a wave length. 

* The air als<^ separated at the common surface of the suspended 
particles and th» surrounding liquid has in many cases an important 
influence, and will be attached to it or will cover it. The diameter of the 
air bubbles or thiokness of the thin air cover may be so small that it is 
not possible to see it with the best microscope, but it forms the condensa- 
tion nuclei for masses of absorbed air previously separated. 

1 Iloy. Soo,^ 1900, vol. Ixvi. p. 123. 

» Or?*- Annalen, 1880, vol. x. p. 70. 

Quincke, Poggevdorff^s Annalen^ 1860, vol. cx. p. 56 ; 1861, vol. cxiii. p. 546. 
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In turbid solutions of gum mastic, soap, or oleic acid one may see 
these air bubbles. In turbid solutions of kaoline or silica they act as a 
Cartesian diver ; the suspended particles and the layers of particles rise 
if they are lighted up by sunshine and sink again in shadow by a change 
of density or volume of the air. 

Vndergrouiul Temperature. — Twentipsecoiid Report the Committee^ 
cortsistinrf of Professor J. D Everktt (Chaimian and Secretanj), 
Lord Kklvin, Sir Archiuald Geikie, Mi. James Glaisher, P^- 
fessor Edward Hull, Dr. C. Le Neve Foster, Professor A. S. 
Hersciiel, Professor (L A. Lkbour, Mr. A. B. Wynne, Mr. W. 
(lALLowAY, Mr. Joseph Dickinson, Mr. G. F. Deacon, Mr. E. 
Wethered, Mr. A. Strahan, Professor Michie Smith, and 
Professor H. L. Callendar, apjmnted for the pur^}08e oj invcsti-- 
(fating the Kate of Increase of Vndertjrouyui Temperature downvards 
in various Localities of Drg Land and Under Wat(n\ {Diruni vp 
Inj Pix)fessor Everett, Secretarg.) 

Attention having been called to the copper-mining region on the south 
coast of Lake Superior as exhibiting an exceedingly slow increase of 
temperature downwards, the Secretary has availed lurasolf of the kind 
oftices of Professor William Hallock, of Columbia University, to obtain • 
authentic information on the subject. Previous reports, contain valuable 
material furnished by Professor Hallock respecting a deep well at Wheeling, 
in Virginia. 

The region in question is the most northerly portion of the State of 
Michigan, and includes a tongue of land jutting out some sixty miles into 
the middle of the lake, terminating in Keweenaw Point, which is marked . 
on all maps. The mine of the Calumot and Hecla Company, which is very 
extensive, and has upwards of twelve shafts, is nearly in the middle of^ 
this tongue ; and immediately adjoining it to the west is the Tamarack 
mine, with live shafts. These two mines are about four miles from the 
nearest coast (which is the north-west side of the tongue) and about eleven 
miles from the south-east coast, the tongue being about fifteen miles wide 
in this part. The ground is high, being 650 feet above the lake, which is 
itself 600 feet above sea-level. The mineral veins dip to the north-west 
under' the lake, the dip ranging from 22® at the end of the tongue to 56® 
at its root. The beds consist of a series of compact granular and amygda- 
loidal traps, sandstones, and conglomerates. 

The latitude is 47°, .and tlie mean annual temperature, according to 
isothermal charts, is 39° or 40® F. The average depth of the lake is about 
900 feet, and all the water below the depth of 240 feet was found, by 
surveys conducted in the months of August and September, to be at about 
39® F. As this is the temperature at which water has its maximum 
density, it probably remains unchanged all the year roRnd. The ground 
beneath the lake is accordingly at a permanent temperature, practically 
identical with the mean annual temperature of the air .above, and the 
bf)undary conditions for regulating underground temperature are practi- 
cally the same as if all the w.ater of the lake wei'C removed and the air had 
frf?e access to the bottom. The slope of the bottom in the neighbourhood 
of the mines in f question is .about 1 in 54 until a depth .of 300 feet has 
bi en .attained, and becomes gradually less steep to the depth of 700 feet, 
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which begins at nineteen miles from the shore and continues for fifteen 
miles further. The slope of the land from the mines down to the shore is 
about 1 in 40. The contour of the ground and the surface conditions in 
the neighbourhood may therefore be regarded as normal. , 

The leading authority on temperature -gradient in this part of the 
United States is Mr. Alfred C. Lane, the Michigan State Geologist. }Te 
writes in ‘ Mineral. Industry / (vol. i^. 1895, p. 767) : — 

‘ It is certain that, in the Lake Superior region, the rate of increase of 
rock temperature is not far from 1° in 100 feet from a surface temperature 
near 40°. For example, at 4,450 feet, the bottom of the North Tarnerack 
shaft, the rock is at 84° F.' 

Alluding to the preliminary announcement by Professor Alexander 
Agassiz, president of the Calumet and Hecla Mining Clbmpany, of the 
temperatures 59° F^. at 105 feet, 79° F. at 4,580 feet, he says : — 

'Since at 105 feet the rock temperature should be near the ]uean 
annual temperature of the locality, and since the mean annual temperature 
of Calumet is. according to all isotheimal maps, near 39°, and a mean 
annual tempeiature of 59° is found somewhere near Tennessee, I do not 
think we can safely assume a gradient very much less than 1° in 100 feet 
after all.' 

President Agassiz's announcement appeared in the ‘American Journal 
of Science ' for December 1895, p. 503, in the form of a preliminary 
communication to the editors, with the statement : — ; 

* We propo.se when we reach our final depth, 4,90Q feet, to take an 
additional rock temperature, ^nd then publish the full details of our 
observations.' 

This depth was .reached not long afterwards, the fact bbing recorded 
in the * Mining Journal ' for September 1896 ; but the promised details 
have never been given to the public ; and a letter addressed by the 
Secretary to Professor Agassiz in 1896 elicited the information that the 
rate of increase had turned out t<f be different from what it was believed 
to be when the preliminary announcement was made. 

The evidence tendered in favour of the abnormally slow increase of 
20° P. in 4,475 feet, or 1° in 224 feet, has thus been practically withdi’awn. 
Professor Hallock, writing in January last, says • 

‘ The observation of temperature in the Calumet hnd Hecla mine, to 
hich you refer, is thoroughly discredited in this country.' 

With the view of probing the matter to the bottom, Professor Hallock 
>n the suggestion of the Secretary) made arrangements for personally 
s^ploring, in the spring and early summer, the temperature conditions of 
le mines ; but irjJune he wrote : — ' 

‘The Mining Company [the Ta,marack Company], after having 
romised me permission to make temperature observations, withdrew the 
ermission, and declined to permit me to enter the shaft.* 

The pi^oposed trip was accordingly abandoned. Professor Hallock 
itts, however, sent large-scale maps and sections, and Mr. Lane has, at his 
^^^isbed information respecting underground temperature in 
1901. p 
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various parts of Michigan. It includes temperatures of deep wellj 
spouting above gi ound and of shallow springs. Mr. Lane’s general result 
is that — 

‘ in the flat, uadisturbcd sedimentaries of the Lower Peninsula [between 
Lake Michigan and the lower lakes] the geothermal gradient is not fai 
from 1° in 67 feet; while in the Upper Peninsula, near Lake Superior, 
the gradient is perliaps a little lower than 1® in 100 fet/c. This difference 
may be ascribed to the difference in conductivity, to which the geothermal 
gradient should be inversely proportional. The Upper Peninsula rocks 
are probably mor« conductive (trap *007) when dry, and certainly ar€ 
less porous and contain less water than those of the Lower Peninsula 
(limestone “005, sandstone ’OO'i. There has been no volcanic or very 
extensive oroge|pc disturbance since early Cambrian times, and but little 
Paheozoic faulting and folding. You will notice that the temperatures 
of shallow flows are higher than the mean annual temperatures as derived 
from the Weather Service ; which is not surprising when we considei 
that in the winter the surface of the ground is often blanketed with snow 
and not freezing, wlien the air temperatures are very low.’ 

Mr. Lane estimates the ‘ mean annual temperature ’ for the Calumet 
district at 38®'6, and the ‘ mean temperature at the depth of no variation ^ 
at 40°. If we take this latter as the temperature at 50 feet, and compare 
it w’ith the tempemture 84° at 4,450 feet in the Tamarack mine, we have 
an increase of 44° F. in 4,400 feet, or 1° in 100 feet. Mr. Lane*.s 
estimate for the Calumet district is 1° F. in 107 feet. He states that 
numerous corroborative data indicate a gradient lying between 1° in 
100 feet and U iu 115 feet. 

No authorities are cited for the conductivities which Mr. Lane assigns 
to the rocks, and fuller information on this point is desirable ; but, in 
view of the fji^ct that the President of Section C last year characteiised 
the variation in the British Isles ‘from 1° in 34 feet to 1° in 02 feet' as 
* a surprising divergence of extremes from the mean,' it is well to 
emphasise the connection Ixjtween gradient and conductivity. If tliere is 
anything like uniformity in the annual escape of heat from the earth at 
different places, there must necessarily be large differences in geothermic- 
gradients, since the rate of escape is jointly proportional to the gradient 
and the conductivity. 

The investigation of underground temperature is being energetically 
taken up by the United States Geological Survey. Mr. N. H. Darton 
has for some years been engaged in collecting data with a view to the 
preparation of an isogeothermal map of the United States. 

Brief allusions have appeared to observations taken in 1893 in a bore 
at Paruschowitz, near Ilybnik, in Upper Silesia, reputed to be the deepest 
in the world. The details, strange to say, have never yet been published, 
but they have been kindly furnished for the purpo.sesJ5f this report by 
be Prussian mining authorities. 

The bore is one out of a large number (400 or more) which have been 
;unk by the Prussian Government for the purpose of exploring the mineral 
esources of the country. A full account of the mode of sinking it and 
he difficulties which were encountered was given by Bergrath Kobrich 
.t the ninth ‘ Wanderversammlung ' of boring engineers, and te printed 
Q the mining journal ‘ Gliickauf ' for 1895, pp. 1273-1277; 

The boring was begun in January 1892, and finally discontinued in 
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August 1893. In May 1893 the operatiohs were suspended for the 
purpose of making changes in the machinery ; and it was during this 
interruption, which lasted three months, that the observations were 
taken. The bore had attained a depth of 2,002 metres, exceeding by 
25.'3 metres that of the Schladebach bore, which was previously the 
deepest in the worjjd. When boring was resume^ after the interruption, 
And had added about a metre to the depth above mentioned, the boring 
tool broke, owing to caving in, which proved to be of so serious a character 
as to render further progress hopeless. The total depth attained is given 
as 2,003*34 metres. • * 

The first 200 metres bored through consisted mainly of a greenish 
grey clay or marl (Tegel), which was liable to swell and crumble after a 
time if exposed to water. It also held the tubing with a^rip which was 
inconveniently tight. At about 250 metres a seam of coal was passed 
bh rough ; and in all eighty- three coal seams were found, with a total 
thickness of about 90 metres. No mention is made of any springs being 
tapped, but 14 metres of quicksand were passed through at the depth of 
200 metres, immediately above the Coal-measures. The seams of coal 
xlternated with beds of sandstone and shale. 

The lower half of the bore, from 1,014 metres downwards, was not 
:ubed, but the upper half contained eight difierent sizes of tubing. The 
* At and largest extended from the top to 70 metres. Inside of this was 
.he second, reaching from the top to 107 metres. Within this was the 
:hird, reaching from the top to 189 metres, and it was during the sinking 
)f the Ahird that the diamond borer was substituted for the percussive 
Irill. The fourth size extended from the top to 260 metres ; the fifth 
:rom the top to 319 metres ; tl\p sixths from the top to 571 metres; the 
jeventh from the top to 1,014 metres ; and the eighth from 540 metres 
:o 1,014 metros, the necessity for this eighth tul)^ having arisen from 
iccidental injury to the seventh* An accident which subsequently 
occurred broke away a large portion of the eighth tube also, and as 
repair was found to be impossible, a*considerable length of the bore (from 
:he depth 571 metres to the depth 754 metres) was left without tubing, 
:;onstituting a standing source of danger and trouble. 

I In place of the solid rods employed for supporting and working the 
Hd percussive drills, hollow rods are employed in diamond boring,, and 
rater forced down the interior of the hollow rods washes up the debris 
through the surrounding space. The hollow rods are usually of wrought 
ron, and this was the case at Paruschowitz till the depth^)f 1,450 metres 
ras reached, when, in order to diminish the ^enormous weight, it was 
lecided to replace the wrought iron by Mannesmann steel tubes ; a change 
•^hich was attended with great advantage during the remainder of the 
oring. 

As regards the ^iameter of the bore, the tubing which lined the first 450 
letres had an internal diameter of 92 millimetres. From this depth to 571 
^etres the diameter was 72 millimetres. Then occurred an untubed interval 
183 metres of considerably larger diameter, the tubing of 72 n)j|llimetres 
lameter commencing again at 754 metres, and continuing to 1,01 4 metres, 
which depth to the bottom at 2,002 metres there was an untubed 
'|On of uniform diameter which had been bored with a diamond crown 
I millimetres. 

•the method of plugging to prevent convection currents, which 
as employed at Sperenberg and Schladebach, was not repeated at 

V 2 
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Paruschowitz, possibly on i^ccount of the danger of caving in ; but in 
order to fulfil the same purpose as completely as the circumstances 
permitted, mud was pumped into the bore, and left undisturbed for 
some time, that it might acquire the permanent temperature of the 
strata. When observations were commenced, the last 40 metres of mud 
were found to have become so consolidated that the hollow rod employed 
for lowering the thermdineters could not be forced into it, and the lowest 
observation that could be obtained was at 1,959 metres, about 200 metres 
deeper than the deepest obtained at Schladebach. The following is the 
record of the observations 


Reference 

Number. 

Depth, 

Metres. 

•i 

Temp. 

Cent. 

1 Reference 
j Numbisr. 

Depth, 

Metres. 

Temp. 

Cent. 

i 1 

6 

^ o 

121 

33 

998 

0 

39*3 

* 2 

37 

131 

34 

1,029 

400 

a 

68 

14-3 

35 

1,060 

41-4 

4 

99 

146 

36 

1,091 

42-4 

5 

130 

15-6 

37 

1.122 

43*4 

6 

161 

160 

38 

1,153 

451 

7 

192 

16 5 

39 

1,184 

460 

8 

223 

173 

40 

1,215 

46*4 

9 

254 

181 

41 

1.21G 

47 0 

10 

. 285 

18-9 

42 

1,277 

48*4 

11 

.316 

201 

43 

1,308 

48 5 

12 

3i7 

20-4 

44 

1,3.39 

490 

13 

378 

211 

45 

1,370 

406 

14 

409 

21-8 

46 

1,101 

5()0 

15. 

440 

225 

47 

1.132 

50 1 

16 

471 

23-6 ’ 

'48 

i,io;; 

52 8 

17 1 

502 

246 

49 ; 

1,494 

53*4 

18 

633 . 
564 

26*4 

60 

1,525 

53-8 

19 

268 

- 51 

1,650 

550 

20 

595 

28-8 

52 

1,587 

66'8 

21 

626 

291 

53 

1,618 

56*2 

22 

667 ♦ 

304 

54 

1,649 

58*6 

23 

688 

30-8 

55 

1,680 

60*3 

24 

719 

31-3 

56 

1,711 

61*4 

25 

750 

31-5 

67 

1,742 

62*1 

26 

781 

31*6 

58 

1,778 

63*6 

27 

812 

32-8 

59 

1,804 

648 

28 

843 

34* 1 

60 

1,835 

65*5 

29 

874 

35-4 

61 

1,866 

65*6 

30 

♦ 906 

35*8 • 

62 

1,897 

669 

31 

936 

370 

63 

1,928 

67*5 

32 j 

967 * 

* 37*3 

64 

1,959 

69*3 ’ 


Each temperature recorded in the list is the mean of the indications * 
of* six thermometers, which were enclosed together in a steel case, 
supported inside the hollow rod near its lower end. The case had been 
tested and found watertight under a pressure of 2b0 atpospheres. The 
thermonieters were similar to those described in our account of the I 
Schladebach observations— mercury thermometers of the ‘ overflow * kind, ' 
open at the top, their indications being interpreted by placing them in ^ 
water which is gradually warmed up .till the mercury is on the point of 
overflowing. ^ 

As the operation of lowering a thermometer to any point in a bore 
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and hauling it up^gain disturbs the contents of the bore at all parts 
above this point, the general rule is to take the shallowest observation 
first and work downwards. On the other hand, when there is danger 
of caving in, it may be desirable to begin by securing the most valuable 
observation — that is, the deepest — and to work upwards. This latter 
was the order of observation adopted at Paruschowitz, the points of 
observation being m.t the uniform distance of 31 metres, the lowest at 
1,959 metres, and the highest at 6 metres. This makes sixty-four determi- 
nations, each being the mem of six readings. 

Though the observations were taken ^ under less favourable conditions 
than those at Schladebach, they are of very unusual Interest, and the 
withholding of them from publication till the present time is a notable 
instance of excessive modesty. When they are plotted the curve obtained 
exhibits a satisfactory amount of regularity, and does not depart very far 
from a straight line joining its two ends. 6f the two most conspicuous 
irregularities one extends over the portion where 183 metres of tubing 
were broken away the temperature here being a degree or two higher 
than one would have expected — and the other at the point where the 
change was made from wrought-iron rods to Mannesmann steel, the in- 
terval between the two consecutive temperatures on opposite sides of this 
point being about three times the average interval. Several other points 
can be selected which show an excess or defect of temperature amounting 
to 1^, but this is only what was to be expected from the alternations of 
different rocks. In som8 condensed reports of Bergrath Kobrich's com- 
munication (but not in the full paper as given in ‘ Gliickauf ’) the irregu- 
larities are attributed to chemical action in the t:oal seams, causing in 
some cases a heating and in others a cooling ; but in the absence of more 
direct evidence this explanation seems rather forced. 

The curve for the shallower portion from 6 metres to 533 metres is 
approximately a straight line of gradient 1° C. in 39*6 metres ; while the 
curve for the deepest portion — 1,680 metres to 1,959 metres — shows an 
average gradient of 1° C. in 31*0 ipetres. The intermediate ^portion — 
633 metres to 1,680 metres (which is rathef more wavy) — has an average 
gradient of 1° C, in 32-9 metres. , 

Comparing the shallowest observation, 12®*1 at 6 metres, with the 
deepest, 69®*3 at 1,959 metres, we have an increase of 57®*2 in 1,953 metres, 
which is at the rate of 1® C. in 34’1 metres, or I® F. in 62‘2 feet. This 
general average is the only result that has hitherto been published. 

No doubt seems possible as to the correctiftss of the determination 
69° *3 at 1,959 metres. The firmness of the clay, being sufficient to pre- 
vent a hollow rod weighing sevdial tons from going deeper, must ‘have 
^een sufficient to prevent convectiop. * 

As regards the determination 12® ‘I C. at 6 metres, one naturally 
it with the temperature found at precisely the same depth in 
the Schladebach iJbre, which 8®*3 R., or 10°‘4 C. Paruschowitz is a 
degree or degree and a half further south than Schladebach, but is 152 
metres higher, which about compensates the difference of latitude, so that 
one would expect their temperatures to be the same. Further light is 
Rrown upon the question of the temperature of Paruschowitz by com- 
par^on with the known temperatures of places lying around it. 

ihe following particulars respecting neighbouring places and their 
ean annual temperatures are taken from Hann’s ‘ Klimatologie ’ 
(Stutgart, 1897), vol. iii. p. 147 
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Lat. N. 

Long. £. 

. 

Hftght 

Tomp. C. 


O 

f 

0 

r 

M. 


Ratibor 

50 

6 

18 

13 

198 

8-1 

Qraoow . ^ . 

50 

4 

19 

59 

220 

7-8 

Prague 

50 

5 

14 

26 

202 

S-8 

Eger . . . . 

50 

5 

12 

2*2 

4A3 

7*1 

Datschitz . 

* 49 

6 

15 

26 


6‘4 

1 Briinn 

49 

12 

16 

37 

210 1 

8-4 

! Oppeln 

50 

40 

17 

55 

175 

8*2 

t Eichberg . 

* 60 

65 

15 

48 • 

349 1 

fvM 

! Breslau . . . i 

51 

7 

17 

2 

147 i 

8-3 

! Gorlitx . . * . 

51 

10 

15 

0 

210 

80 

i 


To compare with 




Paruschowitz 

1 50 

7 

17 

33 1 

j 254 

— j 


the latitude and longitude W Paruscliowitz (in absenct; of more exact 
information) being identified with those of the nearest town, Rybnik. 

The nearest of these places is Ratibor, wliich is only twenty English 
miles distant, and has the s^-me latitude. Its temperature is 8*1, and 
Paruscliowitz, being o4 metres higher, should Have a temperature of about 
7*8. The mean of the temperature.’^ of the ten place.s is also 7*8, their 
mean latitude being 50° 31' and mean height 235 metres. It appears 
certain that the temperature of Paruscliowitz cannot dilier by more than 
a few tenths of a degree from 8*0 ; and it is not usual for the mean 
annual temperature at the depth of 6 metres in the soil to dilier by more 
than a few tenths from the mean temperature of the Q,ir. The observed 
temperature 12*1 at 6 metres appears then to be about 4'" too high. 

This was apparently the latest of the sixty-four observations ; and the 
sixty-three lowerings and raisings again bf the thermometers with their 
supporting rods through the mud which filled the bore would carry down 
colder mud from the top and replace it by warmer mud brought up from 
below. 

Another cause tending to make th*) temperature at 6 metres too high 
is suggested by comparing the* temperature 10®'4 observed at this depth 
at Schladebach with 8°'4, which is gwen by Hann ' as the meiin tempera- 
ture of Leipzig, the nearest large town. The isolation by plugging in the 
Schladebach bore was very efiective while it lasted ; but it probably did 
not last long enough to restore the normal temperatures of the layers of 
rock surrounding the upper portion of the bore, after their prolonged 
exposure to. warm jvater brought up from below during the progress of 
the boring. 

The highest temperature that seem# at all po.ssible for the depth df 
0 metres at Paruschowitz is 9° C. If twe adopt 8*3, which is more prob- 
able, we have an increase of exactly 61® C. in 1,97)3 metres, or 1® C. in 
32 metres, or 1® F. in 58*3 feet. 

Treating the Schladebach observations |jn the sam^ way, if we adopt 
8*6 as the temperature at 6 metres, we have an increase of 48® C. in 1,710 
metres, or 1® C. in 33*6 metres, or 1® F. in 65 feet. Thi.4 exactly agrees 
with Herr Dunker's deduction as given in our report for 1889. 

It is very desirable that direct observations of the mean annual tem- 
perature of the soil at a small depth (say 1 metre or 2 metres) should be 
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taken at both Schladebach and Paruschowitz for the purpose of removing 
all doubt, 

Since'the presentation of their last report in 1895 the Committee have 
to deplore the loss of two valuable members, Professor Pfestwich, who 
compiled the most complete account of underground temperature observa- 
tions yet published and Mr. G. J. Symons, who, ever since the formation 
of the Committee in 1867, has been one of its most active members. 

They have pleasure in announcing that Mr. Bennett H. Brough, 
Secretary of the Iron and Steel Institute, who has rendered large 
assistance in obtaining the material for the present report, has consented 
to serve on the Committee. 


yola s/o- I' Tuifij do Pression, Par le Dr. C. E. Guillaume. 


[Ordered by the General Committee to be printed in extengo.'] 

Lditilite de I’emploi d*une unite de pression derivee du systeme C.G.S. 
n’est pas contestiible. De plus, une experience dej4 longue et sou vent 
r<-pctee nous a enseigno qu'unc unite n’est vraiment adniise en pratique 
qiie lorsque sa valeur normale en fonction d'un etalon a ete lixee, do 
iiianiere' a ce que la realisation precise de cette unite ainsi que sa 
i-eprescutation mat(.*rielle soit parfaiteinent assuree. L’adoption d'une 
valeur iiorinahi tie runitc* de pression, ou, si Ton veut, d'un etalon de 
pression derive du systeme C.G.S., coustituerait done une utile addition 
au systeme geiith'alement employe dans toutes le#branches de la scidhee. 

Les seuies (|uestions se rapportant a Tunite de pression au sujet 
desqiiolles il soit uecessaire de discutor Acore avant Tadoption definitive 
(I’lin etalon soni les suivantes : — . 

Quel sera Ic multiple deTunite C.G.S. qui sera coiisidere coinmo unite 
do pression pour la pratique ? 

Quelle sera sa representation ? ^ Eventuellement sera-t-il avail tageux 
do se rallicr k uii etalon definissablc par un nonibrc simple, et quel sera ce 
nombre ? 


Quels sont los domainos auxquels I’uuite de pression devra etre 
appliquoe? En particulier conviendra-t-il d'abandonner la pression 
uormale definie par Laplace, et adoptee par les meteorolocistes et les 
physiciens ? 

Midtiple, — Le choix du multiple est indique par Tutilite qu’il peut y 
avoir a se rapprocher, pour la nouvelle unite, des grarideurs d*cs unites les 
plus usuelles. Ces derni^res sont Fatmosphi re et le kilogramme par centi- 
motre carre, qui enserrent, a moins de 2 pour 100 pres, et par un heureux 
hasard le produit par 10« de Funitd C.G.S. 

On pourrait faire h ce multiple une seule objection, c'est de se trouver 
cn dehors du systAme coherent auquel le waU et lejou/e ont ete rattaches, 
ne telle sorte qu8 le produit de la nouvelle unite de pression par le 
centimetre culjp serait ^gale au dixi^me de Funite pratique d’^nergie, et 
noil a Funite pratique elle-mOme. Cependant il ne senible pas que ce 
^ 0 aut soit assez grave pour faire renoncer a Fa vantage do se trouver si 
pus des deux principales unites usuelles que, pour beaucoup d’applications, 
ic changeincnt serait insensible. 

^ ^yiprcsGiitatiou et Valeni \ — Letalon de pi*cssion serait convenablement 
epi’csoute par une colonne de mercure, aiiisi qu’il a 6te fait jusqulci pour 
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la plupart cles unites de pressioii employees. L’atmosphere mdtrique et 
la^mosph^re britannique sont dans ce cas, et ne ditTorent que par la 
temperature a laquelle le mercure eat considere, la hauteur de la colonne 
et le lieu de son exposition a Tattraction do la terre. En physique lea 
pressions qui ne sont pas expriiuees dans le systeme C.G.S. sont rapportdes 
a ratniospliore, et par merne a une colonne de mercure, ou sont directO' 
inent expriniees cn foiiction du millitnetre dc mercure. Jradoption gen^rale 
dc la reduction a 0°, merne par les metdorologistes qui, suivant le systeme 
britannique, ramonent la longueur mesurtSe f*ur lechello en pouces a 
G2° F., no laisse aucun doute sur la temperature la colonne mercurielle, 
qui devra etre cell'e de la glace fondante. 

Le dernier <:lement qui reste a fixer, en flehors de la hauteur elle-mdme 
de la colonne mercurielle, qui sera donnde par le calcul, est la valeur de 
I’accekVation de la pesanteur, a laquelle la pression sera due. Aussi 
longtemps que les geodesiens ont pu croiro.a Tcxistence d'une valeur 
nor male de racccloration, definissable par une latitude et une altitude, 
par exemple par la latitude de^45° et le niveau de la mer, il ne 
scinblait pas possible d’adrnettrc une autre valeur do Vacceleration que 
cettc derniri-(\ Mais les recherches de ces dernieres annees ont fail 
■decouvrir les anomalies locales qui rendent un peu incertaine et variable 
la valeur de racccloration que Ton avait considcrce comme noriiiale. 

La valeur de racccloration donnee par la reduction des stations du 
littoral mediterraneen est de 0tS0,714, en Icger cxces sur la valeur do 
Greenwich ct sur la plupart des stations continentales ; ce n est pas 
oependant une valeur exception nelle, et la r^uction de certaines stations 
donne^les noinbres encoi4 sensiblement plus'eloves. 

La masse specifique du mercure, e’est-a-dire Ic quotient de la masse 
d’une ccrtainc quantite de merc%re par ton volume a 0“^, est, dans le 
sy.sterac C.G.S. , cgaleA 13,5950 a 3 ou 4 unites pres du quatriemc chiffrr 
decimal. En comhinant les deux nombres qui* precedent, on trouve, pour 
la pression exercee par une colonne de mercure cle 1 metre, a 0°, et dans 
les conditions susdites <le la pe.santeur • 

1,33328 megadym par centimetre carrr. 

La prc.^sion qui devrait ctre adoptee comme' unitci pratique scrait done 
representee par une colonne dc mercure de 75,003 cm. a 0° et dans les 
conditions indiqudcs ci-dessus. 

Les incertitudes de ce nombre portent encore : 

1° Sur la masse du ddeim^tre cube d’eau ; 

2® Sur la densite relative du inercu e et de Teau ; 

3° Sur la valeur normale de la pesanteur. 

Les deux premieres sont encore de Tordre de deux unites du troisifeme 
chiffre decimal, et*diminueront avec le temps ; la troisi^me fait intervenir 
un doute plus grand, si Ton considere I’ensemble du Globe, et ce doute ne 
fera ])robablement que s’accentucr dmesureque les anomalies seront mieux 
ctudiues. 

On peut conclure dc ce qui precMe que Tunitc^ pratique de pression 
pourrait ctre reprt5sentee par une colonne de mercure de 75,000 cm. de 
hauteur a O'^ sans quo Von sorte des incertitudes resultant encore des 
mesures, et surtout de celles qui sont inh^rentes au problcnie lui-mcnie 
et a la constitution cle notro globe. 

On pourrait, pour diminuer cette incertitude, renverser le probl^me, 
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ot; apres avoir serrd de plus pres la valeur de la masse sp^cifique du mercure, 
adopter une valeur normale de Tacc^l^ration de la pesanteur telln que 
Vuniii de pression soil repr^mnUe rigoureuseinent par une colonne mer» 
curielle de 75 cm. de hauteur. Cette adoption n’aurait rien d’absurde 
puisque • les gdod^siens sont dcs inainteuant impuissants a de6nir une 
intensity normale de la pesanteur sans s’engager dans une voie arbitraire, 
et puisque, parasurcroit, la valeur resultant de la definition ci-dessus 
serait comprise entre les valeurs parmi lesquelles les g^od^siens pourraient 
choisir. 

Mais on peut se demander si une telle definition est devenue necessaire 
pour les besoins de Tunite do pression. II fe.ut distinguer, en efiet, deux 
cas de Temploi de cette unitd Toutes les fois qu’une precision de Tordre 
de 1/25 000 ne devra pas etre depassee, c’^st-a-dire dans Timmense majo- 
rite des applications, la difference entre la valeur actuellement la plus 
prohable de Tunitc de pression et la valeur ronde fournie par une colonne 
de mercure dc 75 cm. est entierement negligeable. Dans les cas, en petit 
nombre, ou une haute precision est exigde, les reductions a des conditions 
normalos ne pourront pas etre faites sans que Ton connaisse, au lieu meme 
dc Tobservation, la valeur de Tacceleration ; celle-^ci devra, dans ce cas, 
etre deterraint$e par des experiences directes et tr^s prdcises. 

Le probleme actuel est tres analogue a tous ceux, en nombre bien plus 
grand, dans lesquels inter vient la masse specifique des corps, deduite de 
leur density, et de la masse spdcifique de Teau. Dans toutes les applica- 
tions ordinaires, cette demi^re est admise comme ^tant 4gale a Tunite, 
tandis que, dans les calculs tres precis, il est ndeessaire, en principe, de 
tenir compte de la tres petite erreur commise* dans la construction du 
kilogramme. ♦ 

Extension . — II reste a fix^r les domaines dans lesquels il sera utile 
d’employer Tunite rationnelle de pression, et e’est la un point assez ddlicat. 
On peut s’attendre, d’ailleurs, a co que cette unitd n’ariive pas, d^s fe debut, 
a toute Textension dont elle est susceptible, et qu’elle ne gagne que de proche 
en.proche les domaines auxquels ^lle devra s’appliquer \ e'est pourquoi, 
tout en recommandant son adoption aussi universelle quo possible, il 
faudra s’attendre a ne la voir penctrer que peu a peu dans Tusage. 

Les cas bien indiqu^s de son application sont tous ceux ou n’inter- 
viennent que des considerations d’dlasticit^, dans les solides, les liquides 
et les gaz. Par une extension naturelle on y comprendra les phenomenes 
osmotiques, et ceux qui en d^rivent. Mais on peut se demqnder l^gitime- 
nient s'il serait praticable d’adopter Funit^ rationnelle coipme pression 
normale en mdt^orologie, et dans la determination de la temperature nor- 
male d'ebullition de Feau pour la fixation du point superieur de Fechelle 
thermometrique. 

Sur ce point les avis peuvent dtre trbs partages. D/une part on peut 
craindre k juste titre le changement dans toutes les constantes thermiques 
que Fadoption d<f la nouvelle unite, comme pression normale, entrainerait 
avec elle. D’autre part, on peut se demander s’il existe un lien logique 
entre les deuxi unites. 

Le voisinage de Fatmosphbre i\ormale et ,de Funite pratique C.G.S. 
aurait rendu, il y a un certain nombre d’annees, le ebangement facile, 
mume on peut dire que, si le systeme C.G.S. avait ete d6veloppd des 
Os (l(jl)uts de Fextension du systeme mdtrique, la*Suegadyne par centi- 
me re carre aurait ou bien des chances d etre adoptee comme pression 
normale. Mais la definition du point 100 des thermometres repose sur 
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des coiisidorations pratiques, et sur.une conv^entiou tout a fait arbitraire. 
Si la nouvelle unite de pression etait tres eloignee do Tatraosph^re, 
la question no se poserait memo pas, et on consid^rerait comme absurde 
de di^inir coupne temperature nonnale d*ebullition do Teau cello qui 
correspond, par exemple, a une demi-atmosphtre on a deux atmospheres. 

Done, bieii que par des raisons do simple unification, ou des raisons 
d’elegance scientiliquc, on ne puisse nier qu’il doive etre .^lus satisfaisanb 
do ne posseder qu’une seule unitt^ do pression, il ne faut pas perdre de vue 
le fait que, aussi longtemps qu’il s*agit simplcme];)t de la thermometrie, et 
des mesures qui on derivent immediateroent, il n’y a aucune raisou 
logique qui oblige a partir d’une unite de pression relieeau systeme C.G.S. 
et aucune ndeessite a rattacher le point de depart de la thermometrie a 
des considerations dtSpendant de^Telasticd^. 

<On peut, cependant, envisager le probl^ite par un autre cotd particu- 
lier, qui militerait en favour d’une seule unite pour les deux domaines. 
Nous admettons comme evident que les constantes elastiques des liquides 
et des gaz doivent etre exprimees en fonction de Tunite ratiomielle de 
pre^ssion. Les diverses constantes definissant Tt'^tat d^un liquide et do sa 
vapeur en fonction de la temperature et de la pression devront done 
dependre de Tunite employee pour mosurer cette derniere. Ainsi, la 
temperature iiormale d ebullition devra logiquement etre donnee sous la 
pression que nous considerons comme normale ; et, si nous rapportons les 
temperatures a celles que Ton obticiit en designant par 100 celle (jui 
r«‘sulto de T^bullition de Tcau sous cette meme pression, la loi des etats 
correspondants se presente sous une forme numericiucinent simple, tandis 
(lue, on conservant la definition ordinaire du point 100 de la thermo- 
metrie, cette loi se presente sous une formo compliqueo. 

Il resterait seulement a examiner si h. simplification resultant de 
Tadoption de la meme unit4 dans les deux cas, adoption qui certainemenb 
serait IcTgique, compensela perturbation qui resulterait d’un changement 
de toutes les donnees thermiques accumul^es depuis un sicclo. 

Il n’est pas inutile de rappeler en effet que le changement d(?. 76 a J5 
cm. de mercure modifierait Tintervalle fondamental do 0,4 degre environ, 
et les temperatures meteorologiques ordinaires d’une quantite de Tordre 
du dixiqme de degre. Il est vrai que cc changement serait pen sensible, 
puisque la reduction au.ther mom etre a hydrogene, encore tres incompletc- 
ment faite en meteorologie, eiitraine deja une modification du meme ordre. 
D’autre part les donnees relatives a la dilatation, aux chaleurs specifiques, 
aux chaleurs de combustion et de combinaison, les points de fusion, etc., 
seraient dcplaces ou modifies de 4/1000 environ. Seules, les temperatures 
d’ebullition seraient modifiees dans une moindre proportion, puisque la 
nouvelle pression leur serait appliquee. 

* 

La question est, comme on le voit, extreraement complexe. Kile peut 
se resumer en ces termes : 

11 est utile et meme urgent d’adoptcr une unite de pVession basec sur 
le systeme C.G.S. Cette unite doit etre egale k 1 million ,de fois 1 unite 
fondamentale. Pour tous les besoins de la pratique courante, et m^me 
de» mesures scientifiques, k I’exception des mesures de haute precision, 
cette unite peut etre representee par une colonne de mercure de 75 cm. 
de hauteur a 0® et dafis les conditions de la pesantcur encore envisagees 
comme normales par les physiciciis. Pour les mesures tres pnicises, il est 
n^cessaire de connaitro Tintensitc de la pesanteur au lieu de I’obscrvation, 
afin de pouvpir exprimer reellement la pression en unites C.G.S. 



NOTE SUR L’UNITfi DE PRESSION. 


75 


La nouvelle united doit s’appliquer a tous les cas de I’elasticitd. II 
convient de ne prendre aucune decision pour la thermom^trie avant d’avoir 
approfondi d’une part* les simplifications qui rdsulteraient pour la physique 
des fiuides et notamment la loi des 6tats correspondants de Temploi d’une 
seule unitd, et, d’autre part, la perturbation qu'introduirait dans la 
thermom^trie et les sciences ddriv^es un changement d6s bases de Tdchelle 
des temperature^. 

Alloys, — Report of the Committee^ emmstiny of i\ H. Neville 
{Chairman and Secretary), Mr. 0. T. Heycock, and Mr. E. H. 
Griffiths, appointed to investigate the Nature of Alloys, 

The Committee on alloys beg leave to report that Messrs. Heycock and 
Neville have been continuing«their study of the copper-tin alloys. 

A preliminary statement of the results obtained has been published 
in the ‘ Proceedings of the Royal Society,' vol. Ixviii. 1901, pp. 171-178. 
A fuller account will be presented to the Royal Society shortly ; in the 
meantime the f olio win summarises their conclusions. 

The work has been directed towards a verification of Roozebooin’s 
theory of solid solutions in its application to the copper-tin alloys. 
Pyrometric observations have shown that when one of these alloys cools 
from a high temperature at which it is completely liquid ther^ is often 
an evolution of heat, not only at the* freezing point, but also at one oi* 
more temperatures far below that of solidification. This is well seen' in 
the cooling curves published by Sir William Roberts-Austen and Dr. 
Stansfield some years ago in their reports on alloys. We have found it 
convenient to repeat some of these cooling curves, which show very well 
the remarkable nature of the|ie lower halts and the large amount to heat 
evolved at them. Roberts-Austen and Stansfield have shown^ in th^ir 
fourth report on alloys, and more recently in their paper on alloys pub- 
lished iji the ‘ Proceedings of the Congr^s International de Physique,' that 
if a continuous line in the concentration temperature diagram be drawn 
through these lower halts a cun?e is obtained^very similar to a freezing- 
point curve. We have reproduced this curve so far as our cooling curves 
enable us to do so, and in the figure the line C'XD'YE' is a copy of this 
curve. Our cooling curves and the C'E' curve have a certain value as 
confirming the original ones of Roberts-Austen and Stansfield, but we arc 
not prepared to say that they contain anything new ; in fact our C'E' 
curve is incomplete. We traced these curves because they were needed 
for our later work. * 

In our figure the uppeY^curve ABODE is the freezing-point curve — the 
* liquidus ' curve, as Roozeboom calls it. The dotted line Ablcde is a 
rough drawing of the ‘solidus' curve of Roozeboom so far as our experi- 
ments determine it. This curve is defined by the statement that when 
the temperatur,^ of an alloy falls below the ‘ solidus ' it sets to a solid 
mass ; the ‘ solichis ' might in fact be called the melting point curve. The 
dotted line is a Continuation of Roberts-Austen and Stanstield’s curve. 
The numbers at the base of the figure give the atomic percentages of tin 
contained in the alloys, so that DjD' on the 20 line corresponds to Cu 4 Sn, 
and EE' to CuaSn. A& will be seen, the figure does not deal with alloys 
much richer in tin than the latter formula. 

Asa microscopic study of the alloys, made in conjunction with a study 
f ^^*®®2iHg-point curve, has proved that in many cases the st ructure 
or the alloys could not possibly have arisen during solidification, but 



76 


REPORT — 1901. 


must have had its origin at lower temperatures,- we have attempted to 
obtain a permaneifb record of the structure of the alloys at diti^rent stages 
of temperature by cooling them slowly froi® a molten state to selected 
temperatures, a^id then chilling them. When an alloy had solidified 
before the moment of chilling, the subsequent changes in structure are 
generally very minute, often sub-microscopic, even if they take place at 
all . It may be doubted whether the chilling does absolutlBly prevent the 
later changes, but it enables us to distinguish the large scale structures 
already existing before the chill from the necessaiily much more minute 



structure formed during and after the chilling. We are thus by chilling, 
polishing, and etching able to form very trustworthy conclusions as to 
the structure of an alloy immediately before it was chiller*. 

Numerous experiments of this kind show that an #l]6y chilled in the 
region of temperature between the solidus and liquidus cjntains large 
primary combs which, from their size, must have been formed before the 
chilling : and that between them one often sees a crop of minute 
primaries similar to the large ones, but formed during the chilling. 
When the polished surface of a section of alloy is heated in the air the 
combs cjxidise more rapidly than the mother substance in which they are 
imbedded. They are also softer than the ground, for by prolonged 
polishing they are eaten out int<^a pattern. These peculiarities, as well 



ON ALLOYS. 


77 


as the behaviour of the alloys to etching reagents, make it certain that 
the combs are riches in copper than the average of each alloy or than the 
mother substance round them. The alloys cliilled between the liquid us 
and the solidus were partially liquid at the moment of chilling, and as 
the chill was effected by dropping the alloy into water, the result was 
often to granulate the alloy ; one always finds in these chills more or 
less of a iin-ricl» mother substance. Alloys which had been cooled below 
the solidus before chillidg are never granulated, and never show the 
second crop of primari'^s ; they must have been solid before the chill. 
Moreover, in the case of the AB alloys, when chilly below the solidus, 
the primaries fill the alloy ; a sure proof, as it seems to us, that an alloy 
becomes solid when its temperature falls below the solidus. This is still 
more marked in the case of the LODE alloys, for if these are chilled below 
the solidus, but above Roberts- Austen and Stansfield's curve, they 
appear to be homogeneous, though sometimes lines can be seen dividing 
the area of the etched surfaces into irregular polygons. Below the 
solidus the primaries are lost, not because they ^ease to exist, but 
because they have completely filled the alloy and assimilated the mother 
substance in which they grew. It appears, therefore, that each of these 
alloys is an approximately uniform mixed crystal phase when its tem- 
perature lies between the solidus and Roberts- Austen and Stansfield’s 
curve. On the other hand, alloys whose percentages lie between B and L 
do not solidify homogeneously. If chilled below the blC line they are solid, 
but they contain copper-rich primary combs imbedded in tin-rich mother 
substance ; near B the combs preponderate, but with more tin the 
mother substance grows until at; the percentage of L Jt forms the bulk, 
and in certain chills the whole of the alloy. Moreovw, if chilled abpve 
the mother substance appears uniform, while below C' it breaks up 
into a minute eutectic of two bodies. Successive chills of one of these 
alloys at a scries of temperatures from hlO to C' show a remarkable 
growth of the primaries. Eor example, in the chills of 80^2 taken close 
to hlQ the combs of copper-ricl^ primary are scanty and thb lobes are 
rounded, but as the chilling temperature is lowered the combs grow and 
become more angular and fantastic. Alloys between L and C show 
copper-rich primaries if chilled above Ic, but these vanish in the chills 
between Ic and 10\ whiletivhen the temperature falls below the curve 
ZC' a new copper-rich crystallisation appears. Photographs of the alloy 
^U8r>-6Sni3.5 are enclosed which illustrate these features. 

In the same way, the CD alloys which show copper-rich primaries if 
chilled above cd, and are uniform solid solutions between cd and C'D', 
are found to contain a tin-rich crystallisation of bands and rosettes if 
chilled below the latter curve. The photographs 4, 5, and fi of the paper 
published in the ‘ Royal Society Proceedings,' plate 3, vol. Ixviii., reproduce 
these facts. The alloys of the branch DE, and ^beyond, jmesent very 
similar phenomena. Tl^ey solidify in the narrow^ range of temperature 
between DE an3 die, but the solid solutions of the region below de are 
very unstably, and the habit of crystallisation of the solid phase that 
separates out along D'E' differs from that of the brancB XD', a minor 
change showing itself near Y. 

Thus we see that Roberts- Austen and Stansfield’s curve, in its relation 
the physical or chemical changes it indicates, closely resembles a freezing- 
above it there is an unsaturated solid solution, 
instead ^ the region of unsaturated liquids that lies above a freezing-point 
ur\e. The points bn the curve correspond to saturated solids, while 
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below the curve the saturation has broken down, and the solid solution 
has separated into two solid phases. Just as would be the case with a 
freezing-point curve, the phase which first crystallises on the descending 
branch /C' is cdpper-rich, while that of the ascending branch X E' is tin,- 
rich. Moreover,- when the temperature falls to the eutectic angle C' or X, 
the residual matter breaks up into the solid eutectic, ap|)arently common 
to all the alloys from B to D. . 

The solid at D' is practically homogeneous even after the transforma- 
tion of the lower curve has taken place ; that is, ‘the slowly cooled alloy 
here contains one phase : this may be the compound Cu.|Sn. The slow 
cooled alloy at E is also homogeneous, although when barely solid it is far 
from being so. There can be hardly any doubt that this alloy when 
slowly cooled or chilled below E' is the pure compound Cu.^Sn ; but be- 
tween the temperatures E' and e this body may possibly not exist, and 
above e it certainly does not. This decomposition of the Cu.^Sn at or 
even before melting explains why the freezing-point curve has no summit 
corresponding to # body which almost certainly exists in the slowly 
cooled alloys. It would be worth while to examine the changes in the 
electrical resistance of these alloys when chilled. 

Alloys containing somewhat more tin than CugSn go through similar 
changes as they cool. They solidify completely at temperatures that are 
not more than 30 or 40 degrees below their freezing point, the first 
matter solidifying being richer in copper than the alloy as a whole. When 
just solid the alloys appear to be uniform, and they remain so until their 
temperature falls to Roberts- Austen and^tansfield’s curve, at which point 
a solid, that may bf CusSn, crystallises out of the solid solution in long bars. 
Th^e bars do not entirely fill the alloy, but are surrounded by mother- 
substance which grows in bulk with increasing percentage of tin. 

The structure of the chilled alloys shows many other interesting 
features which the authors hope to discuss at a future time. 


homor^ho'Uit Derivatives of Benzene, — Seccynd Report of the Committee^ 
mndstinf] o/ Professor H. A. MlERS {Chah'man), Dr, W- P. Wynxe, 
and Dr. H. E. ARMSTRONG (Secretary),^ {Drawn vp hy the Secre- 
tary.) 

The investigation of the 1:3:5 series of sulphonic chlorides and bromides 
derived from I : 3 dichloro-, dibromo- and chlorobromo-benzeno has been 
continued during the past year and is almost completed. The results 
confirm and extend those previously arrived at, but also show that it will 
be necessary to study very carefully the dependence of the crystolline 
form on tenyperature and solvent. Progress has been made in preparing 
material for the eilkamination of the 1:2:3 series, the third set to which 
the - 1 : 3 di-derivatives can give rise ; and the sulphonic derivatives of the 
1 : 2 dichloro-, dibromo- and bromochloro-benzenes are also under inves- 
tigation. • ^ 

The crystallographical j^elationship of corresponding methyl-, ethyl-, 
propyl- and butyl-benzene sulphonic derivatives is also being made the 
subject of study, with a view to determine the alteration in crystalline 
form produced on introducing homologous hydrocarbon radicles into 
benzenes u1 phonic acid. The results thus far obtained show that a very 
thorough examination of the aeries will be required to bring to light the 
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real character of the relationship, which is apparently of a less simple 
character than that met with in the case of corresponding halogen deri- 
vatives. 


On Wave-^lemjth Tables of the Sj^ectra of the Elements and Convpounds. 
— Eeim't of She (^mmittee^ consisting o/Sir H. E. Roscoe (Chair- 
man), Dr. Marshall Watts (Secreiarif), 8ir J. N. Lockyer, Pro- 
fessor J. Dewar, Professor 6 . D, Liveing, Professor A. Schuster, 
Professor W. N. Hartley, Professor Wolcott (iiBBS, and Captain 
Sir W. DE W. Abney. 

Gold, Spark Spectrum, p, 79. iftgon , VacQum-tube Spectrum, p. 97. 

Manj^anese, Arc Spectrum, p. 89. Vanadium, Arc Spectrum, p. 100. 

Silicon, Spark Spectrum, p. 96. 

'Gold. 

Ultra-violet Spark Spectrum. 

Edcr and Valenta, ‘ Denkschr. kai^erl. Akad. Wissensch. Wien/ Ixviii. 1899. 
Exncr and Ilaschek, ‘ Sitzber, kaiserl. Akad. Wissensch. Wieni/ evii. 1898. 

* Observed in the Arc-spectrum by Eayser and Bunge. 

t Wave-lengths enclosed within brackets are from Eder *and Valenta's previous 
list of 1896. ♦ , 
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Eder and Valciita 


) Exncr and Ifkscbek 


Intensity ' 
and 

Character i 

i' 

\ 


Beduotion 
to Yaouum 



Oscillation 
Frequency 
in Vacuo 




4803-4 

' lb 

1-31 

j 6*7 

20813 

t (■' 

792-79) 

♦ 4792*79 

4r 



858-9 

c 

60-34) 

60-37 ^ 

In 

1*30 

6-8 

21005-4 


— 

00*4 

In 

1*29 { 5 9 

275 

(4(>8;P8‘1) 

• 4683-77 

1 

1*28 


344-4 

( 

07-80) 

07-72 

3 

12*6 

6-0 

69(>-7 

(4587-9J) 

4588-0 

lb 



789 


5906) 

69*1 

lb 

1-26 

6-1 

960 

( 

49-64) 

49*7 

lb 

1* 


986 


— 

4499*1 

In 

1-23 


22221 

(4488*43) 

♦ ^88*45 . 

4r 

fi 

6*2 

• 273-2 

( 

— 

76-7 

In 

If 


350 

37-37) 

* 37-80 

2r 

1*22 


629-0 

( 

— 

31*3 

In 

99 


647 

20*69) 

20*80 

2r 

1*21 

6*3 

623*2 

( 

10-66) 

10-5 

In 

99 

11 

667 


— 

00*6 

In 



718-7 

(4396*72) ^ 

4395*6 

» lb 



Z21 

( 

1634) 

16*37 

8r 

1*18 

eU 

23171-9 


- 

4278*0 

In 

1*17 

6*6 

369 

, (4260*01) • 

6006 

2 

,» 

•i 

477-3 


41-95) * 

* 42*00 

2 

1*16 

66 

567*1 


— 

26*89 

2ca 

9, 


661H 

( 2187) 
(4172-90) 

22-00 

4173-02 

In 

2 

»> 

1*16 

99 

6-7 

678*8 

966-7 

(4089'95) 

4089*9 

lb 

1*12 

6-9 

24449 


84*31) 

* 84*30 

o 

*1 

i » 

460*9 


* 4792-79, 4488-46, 37*44, 4241*99, 4084-26. 



80 


KKfOKT — 1901. 


Gold — / t « y/. 


Wavc-longth 

Tntoiiftity 

and 

! Reduction 

I to Vacuum 

Oscillation 
Frequency 
in Vacuo 

Eder and Valenta 

Exner and Haschok 

Character 

1 x + 

! I 

i A 



4083*49 

2 

112 ! 

^ 60 

, 24481*9 

— 

77*83 . 

1 

11 

' *» 

! 621*5 

(4076*60) 

76*52 

1 

„ 

If 

623*8 

( 55*20) 

r * 65*25 

15 

ft 

f. 

591-8 

— 

61-2 

lb 

♦» 

»f 

606 


67*0 ^ 

lb 


! ♦* 

! 612 

( 63*0 ) 

53*01 * 

* 7 

I’ll 

! „ 

• 6GG1 

( 41*07) 

* 41*06 

3s 


; 7*0 

i 738*9 

— 

30*1 

2b 

I, 

If 

i '801 

( 28*66) 

28*63 

1 


’ ,, 

! 815*3 

( 20*86) 

20*87 

a 


i „ 

1 863*0 

( 1627) 

16*28 

5r 

«» 

„ 

891*7 

( 12*87) 

12*8 

In ^ 

IJO 

11 

913 • 

— 

12*35 

an 

»* 

i ft 

j 916*3 

— 

02*6 

lb 

>• 

7*1 

999 

( 01*60) 

01-7 

Ib 

If 

>> 

998 

(3986 48) 

398648 

1 


i 

26077*8 

( 86*04) 

861 

In 

»» 

If 

075 

( 79 72) ^ 

79 74 

2n 

»♦ 

11 

120*1 

( 76 SO)’* 

76*77 

2n 

ft 


138*9 

( 59*36) 

59 31 

2 

1*09 

fi 

249*8 

( 46*19) 

46*2 

In 


72 

328 

— 

V ; 33*80 

4Ca 

1*08 

If 

425*0 

( 33*16) 

33*1 

lb 

If 

If 

412 

( 27*82) 

27-84 

3 < 

It 

If 

. 462*1 

( 16*15) 

ie-2 

2b 

It 

If 

516 

( 1503) 

14*93 

In 

It 

If 

636*0 

( 09 60) 

♦ 09*64 

Is 

It 

♦f 

571*2 

(3898 03) 

♦3398*1 

lOr 

tt 

7*3 

641 

— 

90*g6 

In 

1*07 

f r 

695*9 

( 89*68) 

r 89^61 

In 

«» 

It 

702*2 

— 

83*47 

1 

m 

tt 

It 

742*9 

( 80*34) 

80*45 

2 

If 

tf 

762*9 

( 77*45) 

77*42 

2 

If 

II 

783*0 

( 74*96) 

74*90 

3 

ft 

II 

799*8 

( 65*70) 

66*70 

In 

tt 

If 

861*2 

— 

60*8 

In 

tt 

If 

894 

( 69*33y 

69*60 

In 

4 

If 

If 

902*8 

( 65*60) 

‘ 65*52 

In 

1*06 


929*6 

( 63*76) 

5372 

2n 

tf 

If 

941*6 

— 

49*1 

In 

If 

If 

973 

— 

47*62 

In 

tf 

If 

982*8 

( 45*02) 

46*02 

2n 

tt 

tf 

26000*4 


44*42 

In 

tt 

tt 

004*4 


42*8 « 

In 

tt 


016 

( ^37*70) 

37*7 

lb 

tt 


060 

— 

36*62 

In 

tt 

tf 

067*3 

— 

35*40 

In 

If 

If ^ 

066*6 

— 

’32*60 

In 

ft 

• 

ft 

086*3 

♦( 31*31) 

* 31*27 

In 

It 

I* 

093*7 

( 29*52) 

29*60 

In 

tf 

It 

104*8 

( 28*66) 

28*4 

lb 

tt 

ft 

114 

( 26*87) 

23*87 

3n 

ft 

II 

130*5 

1 

j 

24*5 

In 

ft 

ft 

140 

( 23*20) 1 

23*12 i 

2n 

ft 

It 

149*3 


♦ 4065 * 22 , 41 - 07 . 3909 * 64 , 3898 * 04 . 
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O OLD — eoiit In ued. 


Wave-length . 


1 

j Intensity 

Ecduction to 
Vacuum 

Oscillation 

Ktlcr and Viilcnta 

1 

^ j Exncr and Haschcli 

■" and 

Charactci 


1 

A.*" 

Frequency 
in Vacuo* 

(3822- 11) 

:i«22-05 


3n 

1*06 

7-3 

26156-7 

C 20-46) 

20-40 


In 

»» 

j» 

1680 

C 16-50) 

16-42 


2q 

1-06 

i(7-4 

196-1 

— 

10-07 


In 

9P 

*> 

238-8 

— 

08-1 


: lb 

9t 

ft . 

246 

( 06*95) 

07*1 


•^flb 

! ■« 

99 

253 

— 

06-6 


lb 

' i> 

>1 

263 

( 04-22) 

04-20 


, . 6 

1 ** 

9* 

267*0 

C 00-75) 

00*60 

f 

, / In 

1 »f 

t> 

304-9 

(3799-44) 

3790*4 


In 

i 

( »» ■; 

ft 

312 

— 

98-15 


In 


' t9 

321-3 

( 96-16) 

96-10 


2n 

■ ** 

>9 

335-4 

— 

96-4 

^ ' 

lb 

l> 

99 

340 

— 

94*4 


lb 


19 

347-2 

— 

* 93-0 


In 

' - »» 

99 

357 


91-93 


'■ 

ft 

9* 

364-4 

— 

88-8 



-'■''■i- if.-C-v- 


390 

( 87-37) 

87-4 

' 

y'.-:ln. 



396 

— 

85-4 



'-'J 


410 

( 80-13) 

80-14 

■ • ■* 


»*=■ 

'w ■ 


— 

73*36 


; . 




C 71-12) 

71*1 


•••-■in 


• 


( 70-14) 

70*1 






C 66*76) 

66*7i 




»f ■ 


( 65-10) 

66*0 






( 63*10) 

63*1 






( 59-03) 

69*1 


^•-■¥ib ■ 


-,v^- 


C 54-86) 

;64*8 


'• :.^ib ■ 

:,f.W 



( 6290) 

62*8 

• 



LV"'.” ■ ' 


C 46-6 ) 

46*1 



;■ 

[''i - ** 


( 32-68) 

32-6 


[ .--'In 

lOf- 

7' ** 


— 

31-8 




tt 


( 30*92) 

31 0; 


t in ' 




( 18-02) 

X8*d 


:’-'^ln 

: ’ 

99 


— 

14-2 


. ;ln 

■n 

■a 


— 

09-8 


• In 

■■ 

■Ml 

948 

( 08-30) 

08-3 


In 

■fl 


• 959 

( 06-99) 

06*96 


3n 

H H 

tSm 

• 968-7 

( 02-49) 

;.02-50 


In 

■■ 

■H 

27001-2 

(3698-66) 

3698-6 


lb 

99 

99 

030 

( 96-68) 

96-6 


•-7 lb 

1-02 

19 

052 

( 94-14) 

94*1 


* ^Ib 

19 

99 

063 

( 00-18) 

90-2 


:^ib 

V 

99 

091 

( 87-60) ^ 

87-6 

't 

-r. lb 

99 

99 

lljp 

A 

» 83-00 

.■ 'jt 

■■■'y'ln 


7*7 

144*1 

( 81-39) N 

81*60 


In 

•9 ' 

99 ■ 

164*4 

.. T" > ' • 

80*9 


J: lb 

99 

■ *9 

160 

( 77-62) 

77*7 


lb 

99 - . 

99 

183 

( 76-62) 

76*6 


-■•■..-lb 

. •: 

’ 99 . • * 

-■* 91 

191 • 


76*0 


lb 

99 ' 

1 

1) 

203 

( 7303) 

72*9 


lb 

ft 


219 

< 71-34) 

71*3 


lb 

” 


231 

( 68 06) 

58*2 V 


lb 

*> 

99 

528 V. 

C 67 - 36 ) 

57*2 * 


lb 

1-01 


336 


54*8 


In 

ft ' 

99 

364 

t 




KEPORT — 1901. 


82 


Gold — continued. 


! Wave-length 

Intensity 

Stnd 

Character 

Reduction to | 
Vacuum i 

Oscillation 
Frequency 
in Vacuo 

Edcr and Valenta 

Exncr and Haschek 


1_, 

\ 

(3634-22) 

3654*4 

In 

1*01 

7-7 

27357 

( 

( 

63-98)1 . 
63-66)/ 

63*70 

2n 



361*8 

60*96 

1 


»• 

382*4 

c 

49-23) 

4926 

2n 

»» 

»» 

395-2 



46*1 V 

lb 

«> 


426 

( 

42*66) 

42*6 

lb 

fi 

7*8 

445 

( 

37*67) 

37*6 

lb 


483 

( 

35*21) 

35*36 

2n 

,, 

*♦ 

499*9 


34*84 

2 

1* 


603-7 


-- 

34*40 . 

1 


»» 

507*1 

( 

33*40) 

33*40 

5s 

»» 


614*6 

( 

32*81) 

32*8 

Id 


,, 

519 


- 

31*6 

In 



628 

( 

31-02) 

31-0 

In 

»> 

99 

533 


23*9 

In 

♦♦ 

99 

587 

( 

23-73) 

23*6 V 

In 

•» 

99 

589 

( 

22 93) 

22*9 

In 


99 

594 


— ' ■ f 

20*6 

lb 

tf 

99 

613 

( 

14-17) 

\ ; 14*20 

3n^ 

1-00 

99 

660-8 


; 09*74 

2 


♦’ 

695-0 

( 

07*69) 

. o^ro 

2n 

.. 


710-7 

< 

04*94) 

^ .:;-A,''”=06*0 

In 


)» 

731 

r 

01-171 

^'-■#"T*^01*22 

2n 


»> 

760-6 

C3598'28> 

, ' V$688-20- 

ln‘ 

»» 


783*9 

( 

94*20) 

, .'/.v;, 94*31 , • 

In 

*> 

7*9 

1 813*9 

( 

91*90) ! 


In 


99 

! 831*5 


,.,.v V':90*62 

In 

>» 

99 

843*2 

( 

86-66) j 


6n’ 

• »» 

** j 

871*8 

( 

65*68) ' 

V;66:6-. 

r 2n 

0*99 

99 

28117*6 

( 

63*72) 

♦ 63*70 

3n 


99 

131*8 


6166 

1 

>* 

80 

147*9 

( 

( 

49*26) 

48*26) 

, .-.^9*2.' 

«8*20 

lb 

l-T, J 

»» 

99 

99 

99 

167 

176*3 

( 

28*25> 

28*1 

2n^ ' 

0*98 

99 

336 

( 

23*42) 

/ 23*60 

1 

99 

99 

372*9 

(3492*99) 

3493*02 

. In 

0*97 

8*1 

620*4 

( 

87*34) 

, 87*33 

In 

•9 

»> 

667*1 


87*1 

In 

' »» 

>1 

669 

i 

! 


81*36 

In 


»* 

716*4 

( 

70*47) 

70*6 

In 

»» 

8*2 

806 

60*8 

In 

■ •• 

If 

887 


^ , - 

67*06 . 

In 

0*96 

If 

918*2 

( 

62*27) 

62*4 

lb 

21 

If 

967 

! ' 


41*6 

. la 

»» 

, 

29049 




21*37 


■ f» 

3*3 

219*8 




04*73 


0*95 

/ fi 

362*6 

i 

— 

04*06 

In 

If 

»i 

. 368*5 

j (3383-03) 

3383*06 

82*6 

2 

In 

99 

99 

8*4 

If 

660*6 

556 

( 

82-26) 

82*1 

In ' 

. *9 

If 

569 

( 

68*61) 

68*6 

lb 

0*94 

8*6 

767 

! ( 

66*36) 

, 65*29 

1 


II 

796*2 

: ’ ( 

08*36) 

1 ♦ 08*43 

1 

0-93 

8*6 

3021 M 

! (3230-72) 

! 3280*85 

1 2 A J 

0-92 

8*7 

47W 


* 36B3-72, 3308-42. 
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Gold — coaUuued. 


\Vavc*lcni;tli 


Intensity 

jftcauction 
to Vacuum 

j Oscillation 
” Frequency 

Ednr and Valonta 

...... 

Exner and Haschck 

and 

Character 

A f 

1_ 

A 

in Vacuo 

(3273*84) 

3274*; 


1 Cu 

092 

8*7 

30534 

( 8518) 

* 66*20 


1 

9t 

ft 

617*3 

— 

47*66 


1 

0*91 

8*8 

782-7 

— 

42*8 


. la 


• »* 

829 

( 30*73) 

♦ 30*76 


2n 


«f 

943-7 

( 28*0 ) 

28*16 


. In 


ft 

968*7 

( 21*94) 

22*0 


lb 

ft 

* 

31028 

( 04*75) 

* 04*8 

'• 

lb 

0*90 

8-9 

194 

(3194*90) 

♦3194*9 

• 

lb 

ft 

ft 

291 

( 56*73) 

56*78 


.1 

0*89 

90 

668*8 

( 22*88) 

* 22*97 


6 

0*88 

9*1 ; 

32011*7 

— 

22*63 


6s 

ft' 

- ft 

016*2 

(3033*35) 

*3033*3 


lb 

0*86 

9*4 

958 

( 29*32) 

* 29*31 


2 

^ fp " 

It 

33001*4 - 

( 15*93) 

16*97 



0*86 

9*6 

147*3 

— 

2996*09 



*f ' 

-.9*6 

378*4 

— 

90*42 


• 

■ - 'f»-.-' 

ft 

430*6 

— 

82*25 



. If 

622*1 

(2964*64) 

54*61 


• ' ■ 

-■ Vi/:' ’ 

T 0*7 

836*9 

( 32*33) 

* 32*32 


- 2 

.OrSter 

: 9*8 . 

34092*9 

( 18*48) 

' 18*52 


■••-■•■■In . 


fO-9 

, 254*0 

13*63* 

13*68 





311*3 

07*18 

07*19 


4» 


■»» ■ ■ 

387*6 

0807* 

06*05 


2n 


1^..- 

* 4oa-9 

2893*51 

2893*06 


. 3n , . 

'Si^ 

pjp-o 

649*9 

9205* 

92*07 


2n V 


is' w • 

567*4 

85*68 

85*72 



y«,- 

643-6 

83*59* 

83*67 


.-'■■•3 

ydM 

ky- 

669*1 

64*63 

64*6 


- lb 

SJCNH?; 

'10-1 

889 

60*80 


• 

•In'- ■ r'. 

-.'■tf-'.yr'.v; 

. + . 

H 

945-2 

57*04 

67*00 


. 2h 

» .!. 

-J- 'll 

991*4 

52*65 


- r- 

2b 


** 

35045*0 

52*30 

• ^ 


In 

- -i "If ■ ' 

If 

049*3 

47*23 

47*20 


3n 


10*2 

111*8 

38*16 

38*13 


5s 


ti 

224*1 

35*56 

35*5 


2s 


’ »» 

257 

331’6 

33*17 


2s 

■ .^ . y?. 

It 

286*0 

25*66 

26*58 




If 

• 380*9 

22*87 

22*85 



0*8Q 

»i0-3 

414*9 

2011 

20*11 


9n 

.'i» - 

tt 

449*4 

05*44 

06*40 


2 

'- /. ** 

ft 

635*1 

02*36 

03*30 

. > 

10s 

• M 

ft 

674*6 

2796*63 

2795*73 


1^/2 . 

■ 

10*4 

769*1 

80*93 

" 80*9jR 


" 3s 

0*7? 

ft 

948*6 

— 

49*0 


■:‘y^ln 

■' »; ■ ' 

It . ' 

10*6 

36366 

48*36* 

48*35 

"■B. 

Bs 

ti 

374*9 

46*80 



/ Is 

• »»■ 

■ ’ ft . 

408*7 

43*27 • 



•: Is 

, '»» 

ft 

442*2 

32*14 

32*10 


2s 

0*78 

ft 

591*0 

21*96 

21*94 , 


, 2s 

' ” ■ 

10*7 

727*7 

— 

06*13 


1 


n 

942*4 

03*44 

03*51 


2s 

t» 

10-8 

978*7 

— 

02*54 


— . 


991*4 


,a„* 326518, 30 73. 04-81, 8194-82, 22-88, S03'3'38, 29-32, 2932-33, 2913-63, 2906-98, 
2892-07, 2883-66, 3748-36r. 



84 


HEPOHT — 1901. 


Gold — conii n ucd. 


Wi'.vc-loiigth 


Eclor and Valcnta j Exnor and Hatichek 


' Iiitonsily 
i and 
j Character 


Hoduction to 
Vacuum 


2701 OX* 
r’G0J)*4 - 
07-8 
ni - 40 * 
ao -5 

S8-80*' 

88 - 2 « 

87-73 

S60 

82-3 

76-08* 

72-3 

70*7 

67*01) 

65-28 

51*2 
43 6 
41*65 

33- 4 

34- 4 

31-7 ♦ 
2714* 
23*60 
24*2 
22*0 
17*58 
16*HU 
13*8 . 

iM ) : 
10*36 
00-61 . 
07*4 
05*0 

2599*5 

92-18 

1M)*18>% 

83*6. 

80*1 

70- 4 
77*7 
76*3 

71- 4 
65*80 
62-7 
61-9 
58-0 * 
52-02 
30-28 • 
44*29* 
38*07 
37*0 
35*92 




' ’ 2688*82 
88*26 
.; s 7 - 7 a 


' \ ;67'00 

•■.v‘.:^-^n65*25’ 

v; Vi 59-67 • 

• / • * . ’■ ■ ■■ 

' ■ 

'M%r- 

' 3699-5 
• V;. . 92-20 
■• 90-18 



2701-03, 2634-40, 2688-86, 2676-06r, 2690-», 2644-30. 


Oscillation 
Frequency 
in Vacuo 


37012*2 

031*5 

056 

103*2 

157 

180*2 

188*0 

196*3 

219 

271 

357*1 

110 

432*6 

483*1 

509*0 

589*2 

708 

789 

845*4 

934 

948 

987 

38053*8 

076*4 

090 

128 

193*6 

206*1 

262 

275 

297 

309*0 

341 

377 

458 

566-1 

696-2 

096 

74.7 

757 

783 

819 

878 

962*8 

39010 ■ 

023 
082 
159*6 
199*8 
292*2 
388*1 
105 
421-9 
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85 


(J OLD — eontivved. 


Bcrluctlon to ; 
Vacuam 



Oscillation 


45*6 

44*3 

42*47 

37*83 

34*5 

33*67 

33*3 

28-06* 

23*8 
19*41 
19*1 
17^4 
16*68 
14-36 
13*27 
11*40 
10*7 • 
08*89 
07*42 
06*20 
04*97 
02*80 


A + 

1 

Frequency 
in Vacuo 

.f 

0-74 

11-6 

39455*9 , 


11-6 

643*0 


•11 

627 


♦ If 

660 

0-T% 

' ♦* * 

715 


' >9 ' 

747*1 


u*r 

802 

. • • ■ ».»i ■■ - 

. *♦ 

819*6 


886*5 
891*4 
934*8 
40064 
106*7 
123*4 
140*9 
165-3 
255 
305*1 
332*3 
346*6 
374*2 
410-0 
605-9 
667*3 
695*5 
716*6 
767*9 
836*7 
860*9 
867-7 
876-6 
900 
B29-9 
410070 
064 
078-2 
084 
172*3 
224-1 
246 
320-1 
327 
365 
367*9 
406*6 
424*7 
466*7 
470 
500*6 
.526*9 
663*6 
568*6 
606*3 


* 2610-66, 2428-06r. 
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Gold — vontin ued. 


Wavo-longth 


Eder and Volcnta Exiicr on^laschek 


IntrnHity 

and 

Character 


Redufti n to 
Vaciii in 


Oficillatioii 
ProqiKMicy 
in Viu uo 


00*2 
2399*3 
957 
93G2 
91*7 
88:26 
87-82* 
84-29 . 
82*50 # 
805 
79*3 


2401*68 

01*3 


2393*66 


78*0 
77*3 
:: 76 31 


57-9;j;^S^ 

66-63 

62*67*yfei 

61*69 

48*2 

4710 -I 

44-26 

43*6 

42*81 

41*6 

40*27 

34*20 






^:^^C•26•8 . 

^ 36*8() 
J 26-32 
vi- 24-73 


22-39 



11625-2 

632 

651 

666 

729 

764-6 

799 

857’5 

866*5 

92.S-.S 

960-0 

42095 

017 

010 

053 

0696 

124*7 

151*9 

174*0 

2163 

270*9 

277*1 

376 

396*9 

440*3 

490*9 

511*4 

673 

592*0 

644*9 

656 

671*1 

695 

716*8 

829*3 

868*9 

878*8 

883*6 

893 

964-6 

983*1 

991*9 

43002*8 

040*2 

064 

083-7 

120-5 

144-5 

166-7 

187*9 

234 

257*2 

286-4 

309-7 

372*8 


2387-86, 2864-69, 2862-76. 
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G OLU — coniinnrd. 


VVave-longth 


Edi r and Vulonta Exnor and Haschek 


IntcnBity 

and 

Character 


Eeduction to 
Yacuvim 


Oscillation 
Frequency 
in Vacuo 


lo-er 

1030 

05-92 

01-36 

2193-7 

92-7 

90-7 


2296-92 

96-62 

96-20 

94-1 

91-60 

88-66, V 

87-85 

86-80 

83-38 

82*94 

80-05 

79*40^ / i 
78-10"5v V 
77*66 : 

73-26 
70-27 . . 
67-07 
: 6601, 
''-eo-iOr^S 
■^■■■68-77^^ 
■.e2-7o.!:^ 

66-1 .-:m 

■■ 63-48 
49-13 

48-77 • , 
46-70 .. 
46-60 I 
46-63 
44-01 - 

42-78 > 
42-bO’^ 
*40-36 V 
37-66 
33-76 
31-40 
29-07 ^ 
:'-/"24-7 
V-V 22-70 
20 - 6 » 

19-26 V 
;,:.;il6-80,.::.^ 
r% ■.13*26 ;^':.; ■ 
^^:/^10-7S rt”';' 

:•> -^10-27" 
06-97 
01-42 
2198*66^ 


In 

Is 

In 

28 

1 

3s 
2b 
^ 6b 
2s 
3n 
in 
5s 
3n 

In Ag 
2n 

4n'- 

Is"’ 

y-29 ■:% 


0-69 13-1 


9 ’ 




43443-4 

468 

197 

623- 6 
629-2 
666-1 
677 

624- 5 
680-6 
696-0 
716-0 
779-5 
890-0 
845-5 
858-0 
8830 
889-7 
976-6 

44034-3 

096-5 

117-1 

134-9 

160-8 

181-6 

/208-0 

227-3 

313-8 

331 

362-4 

448-1 

456-3 

596-2 

600-2 

519-4 

549-6 

674-0 

589-5 

622-4 

678-1 

764-2 

801-3 

848-2 

936 

976-6 

45018-8 

046-6 

116-7 

168-6 

220-1 

229*5 

317-7 

45411*3 

674-3 

692-0 

636-2 


* 9283-42. 
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Wavc-lengtli 


Eder and Valenta Exner and Hasohek 


intensity 

and 

Character 


Reduction toj 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


2188*97 
♦ 86*9 
85*7 
8416 
72*26 
67*6 


29*03 
26*8 
25*28 
13*7 
10*74 . 
2098*8 : 

98*2 
96^ 
86*4 : 

83*1 
82*10 ■ 
71*7 . 

640 
69*9 
66*6 
66*4 
44-66 
12*10 
00*77 
1988*99 
77*69 
72*66 • 
65*64 
61*69 
48*48 
46*41 
44-36 
.36*13 
31*74 
26*19 
21*38; 
19*39 
18*04 
04*41 
1890*26 
86*86 
79*72 
61*68 


2189*03 
: ' 86*80 
86*66 
84*21 

.'67*40 
: 61-27 

68-18 f'v'" 

- V. .V457*21 - • 

•■.y;H5;44r27--# 

,;;>,-;{^r*4o*6 

.87*96 

•':v;.-'29*67 ^.^-v 


4s 

2 

. 2s 
"i; 2s 

. 2s 
2s 

■ '■ In 

^>^^"v-2n 
;Ar-^2n 

2n 

If 

Is ■ 
■ 23 

®;is 

6s 




bfrs • 
1977-6 


p p-61 


45668*3 

714*9 

739*0 

769*1 

46020-6 

124*0 

264*9 

270*3 

300*7 

341*9 

404*6 

621*6 

704 

769*4 

860 

943*3 

955*2 

47003*9 

037*1 

295-9 

361*1 

631 

645-6 

718 

Qq7 

48989*0 

012*7 

265 

434 

631 

609 

637 

891*5 

49683*6 

965*0 

50260-8 

660 

676*9 

51117*9 

223*9 

306*7 

360*2 

4146 

669*6 

760*2 

926*2 

52029*2 

083*1 

119*8 

492*8 

886*9 

981*2 

63182*1 

697*4 
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Manganese (Arc Spectrum). 

Hasselborg ; * Kongl. Svenska Yetenskaps-Akadem. Handl./ Bd« No. 2. 1807. 
♦ Coincident with Fraunhofer lines. 

j; These lines seem not to occur in Ezner and H^hek’s list of manganese spark 
lines, Sitzbcr, * Eaig. Akad. Wissensch. Wien.* civ. (1896), cv. (1896). ^ This list in- 
cludes 1,660 lines, extending from 4824 to 2112. iWithin these limits all the lines 
of the arc spectrum not marked { seem to occur. ? ^ 


^ave-length 

(Rowland) 


♦5849-33 

1716 

♦6780-42 

• 38-49 
6673-94 

* 73-27 
66-09 
6276 
62-24 

♦ 38-07 

* 36-77 

* 17-06 

15-06 

♦ 06-16 
04-63 

5497-67 

96-23 

81-67 

♦ 70-86 

♦ 67-71 
33-67 

♦ 3276 

♦ 20-68 

* 13-94 

* 07-63 

06-32 

♦5399-72 

* 94-88 

* 88-76 

* 77-83 
77-46 

* 60-08 
48-31 

* 44*66 

♦ 41*22 
24-63 
17-33 
09*16 

6299-09 

98-13 




Meduotion to 

a >* ^ 

Intensity 

and 

Character 

Provious blwinvations , ' 

Vacuum 

o o o 
•rt a a 
^22 

(Boijlaiid) \ Vi 

‘X+ ' 

1 

» 2.t2 

ll« 




a“" 

Om — 

2 

.■■■ ■ .'*/ ■, ■ . V. 

■ ■' 'i'l ► W.;' • -I*-',/*-;/ 

1-69 

4‘G 

17091-4 

2 


f9 

4-7 

185-8 

3 


1-68 

. 1* 

295-1 

4 

6787:910 Bowknd 

X-66 

>1 

421-5 

6 

4 

2 

• ; ■’ ■ ■ •:/. 

1-62 

t' 

** 

4-9 

11 

19 ' 

936-7 

937*9 

993-4 

2 

5 


■ 

II 

18004-2^ 

005*8 

7 


m-i. 

■ 99 

061*9 

4 



91 

054-4 

7 

2 


•:';i 

. >1 

. 

■• ., 

120-7 

127-3 

6 



•6-0 

164-5 

3 ’ 



11 

166-8 

2 

? 



1? 

*9 

184-5 

189-3 

6 



II 

237-6 

7 


|l-48 

II 

273*7 

4 



II 

317-7 

4n 

6 


^J48- 

ft 

«| 

398-8 

401-9 

4 

imeo ., I^^So- ■ 'iSl 

Pi* ' 

11 

443-2 

6 


j •• 

465-8 

V 

! *"*' " f 

• 11 

487-4 ; 

2 


9» 

• 1 

4953 

6 

■avOo-m . 

, «3M76 V •»iv;^-49i-889 ;V#V^-5 , 

1-47 

6-1 

614-4 

G 

% ” 

. ' ti 

631-0 

3 


. n 


552-0 



I* 

91 

689-8 

3 9 

. - V ' ■ .. ■: ■■ '' ■; '' ' . 

ft 

' 91 

591-0 

4 

-80^)69 

1'46 , 

! ' I* 

686-2 

•2 - 

•■ . ■ ■• '•■'■. • 

V- ■ 
j ■ 79 ^ • ; 

II 

712-4 

3n 

44-646 „• ■• 

\ ‘ 99 


706*2 

9 

. 41-4# - %, > ■ ■ 41-8S7 . „ 


1* 

717-3 

3 


1-46 

91 

775-9 

2 ~ 

11 

II 

801-3 

3n 

X‘. ;V> - * 

11 

11 

830-3 

2 


11 

5-2 

866-0 

2 


l> 

>1 

869-4 
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MANGA29ESE (ARC SPECTRUM)— 


90 


Wave-lengtli 

(Rowland) 


5261-00 

* 6B-61 
*5197-44 

* 96-77 

* 51-14 

* 49-40 

* 18-16 
*5087-02 

* 74-97 
42-86 
30-86 

* 30-02 
22-26 

* 10-58 

* 06-10 
1985-98 

74-60 
* 66-02 
* , 34-25 
01-00 
4889-12 

* 81-87 
62-28 

* 55-01 

* 54-76 

* 44-47 

* 3840 

* 27-10 

* 25-80 

* 23-71 
*4783-60 

* 66-58 

* 66-02 

* 62-54 

* ' 61-68 

* 64-23 

* 39-27 

♦ 27-63 

♦ 09-87 

♦ 01-30 
*4671-86 

* 43-01 
27-99 

* 26-74 
07-80 

♦ 06-63 
4595-61 

86-30 

48-76 

44-61 

* 42-62 
34-72 
30-01 

• 23-68 
04-03 



2 
6s 
2s 
5s < 
68 

3 

4 
2 
4 
2 
2 
3 

2n 

3 

4s 

3 

3n 

•fial 


Previous Obso'tvations 
(Rowland) 


6255-61 Thal6Q, 6265-492 Rofvlazid 
6197-01 6197-332 

96-741 
5lil2 
18-112 





4966-036 






^i??:|844-408 

;W- 

.^3•716^ 
;■ 4783-607 
■L 66-621 
66-060 
s ’ 62-667 


tiB6-64; 


7 ^ , 

^;i‘34 

ft 

61*718 


lOnri/ 


>» 

64-226 

tt 

68 

7 

1^89*14' 

37*64' 

?S'Q9:94' 

n 

tf ■ ' 

V • 39*291 
27-676 

»t 

7 • 

>» 

09,896 

■ it 

4 

mssim 

•2 

01*346? 

’ II 

4s 

46n-.68 

tt 

4671*858 

. II 

2 





2 





4s 

26*48 

•8 

26*718 

II 

3n 





5n 


f# 

•; ":^;0B-63$ 


3 





. 2 .r 




‘y ■ 

4 

4649*05 


" - y 


3 




4 





2 





2 



■ .. 


3 



4528*672 

II 

4 

03-95 

»» 

04-042 

II 


Reduction to 
Vacuum 


A + 


1-44 

1-42 

f> 

1-41 

1-40 

1*39 

1-38 

$9 

9« 

1-37 

>t 

1-36 


1-36 

1-34 


1*33 

>2 

•» 

»» 

1-32 


1-31 

1-30 


1-29 


1-28 

1-27 


V?6 


»» 

1-26 

•f 

1-24 


1-28 


6-2 

5-3 


6-4 


6-5 


6-6 


6-7 


6-8 


6-9 


6-0 


6-1 


es >-» 

|aS 

s 

g 2 fi 

of^’ 


19002-6 

022-4 

236- 0 

237- 4 
407-9 
414-4 
532-9 
652-5 
699-1 
824-6 
871-9 
875-2 
905-8 
952-2 
974-1 

20060-7 

096-6 

181-3 

260-9 

3984 

447-0 

478-3 

660-9 

591-6 

6926 

636-4 

662-3 

710-7 

716-2 

7262 

898-9 

973-6 

976-0 

991*4 

21995-2 

028-1 

094-6 

1464 

226-2 

262-0 

398-8 

631-8 

• 601-6 
607-6 
695-9 
706-9 
764-4 
798-1 
978-0 
998-0 

22007-6 

046-0 

068-9 

100-8 

196-2 
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Manganese (Arc Spectrum)— 


Wave-length 

(Rowland) 

Intensity 

and 

Character 

• 

♦4602-38 

7 

*4499*06 

1 

* 96*82 

3 

* 91-86 

4 

* 90*28 

7 

♦ 79*59 

4 

* 72*92 

6 

* 70*31 

G 

* 64*86 

7 

* 62*17 

8u 

^ 61*26 

7 

60*55 

5 

* 68*43 

7. 

57*71 

f*. 

67*22 

6 

* 66*05 

6 

* 55-60 

« 

* 55*19 


♦ 63-1 G 

<1 

62*731 

3 

♦ 61*75 

7 

* 47-32 

3 

* 36-62 

0 

36-24 

3 

• 19-96 

4s 

♦ 16-06 

0 

♦ 12-06 

4 

* 08-28 

3 . 

4389-96 

3 

88-27 

? 

82-80 

3n 

81-87 

4 

* 76-10 

4 

87-67 

2 

26-36 


2369 

— - 

21-36 


♦ 12-70 

6 

06-84 

2 

00-36 

3 

4290-29 

2 

* 84-22 

5 

* 81-27 

6 

78-86 

3<> 

* 66-08 

6 • 

* 61-46 

3 

* 68-48+ 

i 2 

* 67-80 

c 

* 39-88 

6 

* 36-46+ 

0 

• 36-28 

. 0 

p47t 

2 

30-31 

2 

• 20-79 

1 6 


1602'45 Xilaldn. 4502*388 Bowland 
i449«06 „ 4499*070 

96*676 
91*823 „ 

90 263 „ 

79*663 
72*967 

70*800 


PrcviouB Observations 
(Rowland) 


96*05 
91*86 
90*25 
79*76 
73-15 
/ 71*86 
170*26 
66*05 
62*26 
61*41 
60*66 
68*46 
57*66 
67*46 
66*16 
66*66 
66*26 
63*26 

61*96 

47*46 

36*46 

20*06 

16*05 

12*16 

08*36 


14383*10 

,82*30 

76*30 



2e-id .. 


jB-W „ 

. •• v: 


: 12*728 


-i- . ■ 

oo-» „ 

00*376 

4284-68 ; „ 

4284*223 

_ ^W‘38^4'.',r ‘ 

“81*267 

!8e-83 „ 

r*66*081 


61*496 

68-di „ 

57*816 

49-03 

39*890 

36-4? .. 

36*460 


36*298 

2113 

20*738 



r; 64^44 

^ 60-462 
;68?403 

VsMsxy 

^66-198 

'■IP 


....;a47-8oa3 

• 4389-98 r 
98 a« , 

...■.■89-84Ti 

■.y#&«8--04R?i 

■ '•■■:'87-W9^< 


92 


REPOIIT — 1901. 


Manganese (Arp Rpeptrum) — eontlnwd . 





Reduction to 

S 

Wdvo-longtl 

(Howland) 

1 liitensiiiy 

^ Previous Observations 

Vacuum 

•2gS 

2 

and . 
Charaoior 

, : , (Rowland) 

A + 

1 

a"" 

^ S d 

Ofo- 

♦42I2-64t 

■/■•2 ' 

# 

1-16 

0-6 

23731-5 

• 11-90 

4 ' ' 

4211-899 Howland 

1-15 


736-6 

* 01-88 

4 

4202'23Thal8n. 01-869 . 


792-3 

*4190-lfi 

4 ^ 

: V > 4190-147 „ 

?> 

6-7 

868-8 

* 76-73 

5 

''t- T ; „76-789 

»» 

1 

936-6 

* 67-21 

; 3 • ■■■. 

■ {s'OM67'' 

1-14 

1 

24048-6 

66-681 

3 


I* 


056-7 

* 61-16 

3 


»? 


! 082-9 

^ 48-94 

6 

■‘■"VrSfo- •>’48-948 

,, 

■ 68 

■ 096-7 

• 47-66 

4 

;«‘*7-846 ,, 

»» 


103-2 

• 41-18 

6 

41-208 

i «> 


1 140-9 1 

♦ 40-35 

2 


1 ^ 


146-7 

• 37-401 

♦ 'v:. 

■•; .37-428 „ 

* 9f 


163-0 

♦ 36-18 

' 6 

4186-W „ ,^36-191 „ 

1 >> 


176-2 

34-77 



it 

1 

178-3 

32-46 

2 ■# 


it 

I 

188*7 

31-60} 

.2 


ti 

1 

201-9 

* 31-26 

■ !. 6 


tt 


203-9 

♦ 23-68 


S’**’ - ” 

1-13 


243-4 

* 23-41 


12 


246-0 

- 22-92 





217-8 

14-63 


’i-%!j4*461 ■ 

>» 


297-3 

• 14-02 



»> 


3003 

♦ 13-39 



• » 


304-0 

* 10-98 


S®^^^^':v'-%§^Il'02i ' ■ „ ■ ;; . 

>> 

t» 

318-3 

* 08-01 



tt 

9l 

336-9 

* 06-61 
* 03-62 


: .../i 

»» 

)« 

t» 

It 

360- 7 

361- 9 

* 03-07 


08-097 „ ' 

11 

If 

366-2 

409967 

2 

r 

11 

6-9 

3860 

♦ 9681} 

8 ■ M 


11 

It 

402-2 

* 96-42 

* '1?$ 


It 

j, 

407-2 

96-17 

2 

11 

It 

412-0 

90-73 

2 


1-12 

ii 

438-6 

90-10 

4 


It 


442-3 

* 83-76 

® 

^^3?’i,.„; .4^88-783 ,V 

•» t 

ft 

It 

480-4 

* 83-09 


>1 

If 

484-4 

♦ 79-66} 

9 


•1 

It 

606-6 

♦ 79-36 

9 

-79*393 ■ 

It > 

ft 

606-6 

♦ 76-39 

3 

. -v?-: 70-431 

ft 

ft 

630-6 

♦ 7041 

6 " 


tt 


660-6 

* 68-13 

4s also Fe 

tt 


574-4 

66-38 

3 


tt 


685-0 

♦ 66-22 

4 


tt 


5933 

* 63-38 

7 also Fe 

■ .’;e8-63 „ •■• «-■ 


If 

G03-2 

♦ 61-88 

. 6 


It 

If 

612-2 

♦ 69-63 

6 

■/ "V. ««9-68frX' 

11 


626-5 

* 69-08 

' 7 : . 

■* - '• a:' ' T .'e2:59-08il*MV*-' ' ' • 

fi 

If 

629-2 

♦ 68-10 



11 


636-2 

* 66-68 
66-36} 

9 

4 

66-43 „ 4066-rOli „ 

. j; 66-866 

91 

If 

If 

** 

649-9 

661-9 

* 62-62 

4 

62-608 ^;:f„ 

1-11. 


668-6 

61-90 

4 



7*0 

672-8 

♦ 4916} 

4 




689*6 

♦ 48-88 ; 

8 

48-83 _ 4048-9IO 

.. 

.. 

691*2 
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Manganese (Arc SpECTRVM)-^co?iUnued. 


^Vave-lcngth IntcnBity 
(Rowland) 

Character 


1015 20 i 

* Jl-41* : 

i 

86*88 

* 84*60 
8:i*18 

* 80*87 

* 26*57 

* 20*18 
18*25 
12*09 
11*69 
0819 
03*42 

i 02*31t 
02*06 
; 31)97*34 
92*65 

* 90*10 
87*61 

* 87*23 

* 86*94 

* 86*36 
84*31 
83*07t 

* 83*72 
82*31 
77*34 
76*03 
53*00 j 
43*01 
36*91 
29*82 
29*41 

* 29*30t 

* 26*61 

* 24*24 

* 38*45 

* 22*82t 

* 22*20 

* 21*851 

* 18*43 
16*75 
11*67 
11*27 
08*34 
05*12 
04*47 
03*68 

3899*811 
99*46 
' * 98*60 


\ 

Previous Observations . v - , ; i 

Eeduct(pn to | 
Vacuum | 

(Howland) * . V/ ' 

• < ■ • ■ v. ■■ ■ 


1 


lOn also Fo 
4 
6 

20n r 
20n r 
20n r 
6 
3 
7 
2 
3 


4046*266 Rowland 
1011*33 Thalcn, 41*626 „ I 

. 38-771 
4036*883 
34*68.; n; 84*644 

33*63 „ V. 83*230 i i 

30*13 / ; : ^S0*919f * ‘« - ■ 

2e‘683 

^;20*22e^ 

■■A'.ii-683s ■ 

'j 


3992‘S ' 


.. 1^6^^ 

M - 

„ ■ W 88 - 81 (^ 
.ru2Si-22SP^ 

■ 18-39&^ 
' V-'--'- 16-6W*'- 
^ Ul-664 


■^2i-8Sfei-. 

18*3 


3899*701 

99530 

98*531 


24713*3 
736*3 
752*3 
770*7 
778*6 
787*3 
801*5 
828*0 
867*5 
879*4 
917*6 
920*1 
941*9 
971*6 
978*5 
980*1 
26009*5 
038*9 
054*9 
070*6 
073*0 
074*8 
084*7 
091*3 
099*2 
101*4 
103*0 
136*1 
143*5 
2900 
364-1 
393*4 
439*3 
441*9 
442*6 
469*1 
480*4 
480*6 
484*7 
488*7 
491*0 
513*2 
624*2 
668*0 
559*9 I 
679 0 
600*1 
604*9 
616*1 
• 635*0 
637*2 
i 643*5 


double 


. r 4018*269 
^ 1 18*234 
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Manganese (Abo Spectbus/^— 


I 


I 


Wave-length 

Intensity 

(Rowland) 

and 

Character 


Previous Obsorvaiions 
(Rowland) 


3897-47 

96-48 

* 94-85 

* 93-72 

* 91*92 
89-62 

* 86-42 
79-32 
72-36 
66-83 

* 6l*88t 
56-68 
53-60 

* 44-10 

* 41-17 

* 39-92 
37*68 

* 34-48 

* 33 96 
3012t 

* 29-81 

* 24*01 

* 23-64 
16*87 
10*85 
09*70 

^ 06*84 
03*04 

* 00*68 

*3799-38 

* 90-36 

* 85*67 , 

* 76*70 

* 74-81 

* 74-02 
71-62 
68-33 

* 67-84 
63-61 

* 66-80 



Reduction to 
Vacuum 

[ 3 o* 0 

' lii 

A. 1 

! 

A 

; ra cr> 

! SSc 
! Ofe*- 


.. ... . 

. 

1-08 ' 

7*a 

' 26660-4 

1*07 * 

4» 

666-9 

„ j 


667-6 


*f 

681-7 

It 

44 

687*0 

If 

If 

699*9 

« 1 

f« 

727*3 

- 

«t 

770*4 

I 

,, 

817*4 

** 

ft 

1 860* I* 

»» 


1 886*8 

tt 

„ 

1 921*7 

1*06 - 

41 

1 942*5 



26006*6 

1 

9* 1 

• 4 

026-4 

! 

,, 

034*9 



050*1 


44 

071*8 

»* 

44 

075*4 


44 

101-5 

»♦ 

>4 

103*6 

»« ' 


143*3 

,, 

,, ! 

145*8 

105 

7*1 1 

193*1 


4» 

233*5 



2.39*5 


1 

«« 1 

261*1 



294*3 

»» 

4» ^ 

.303*7 

U 

*» 

313*7 

„ 1 

44 

3763 



408-7 

1*04 ; 

41 

470-7 

4. ! 

i> 

484-0 

ff 

44 

489-6 


7*5 

606-3 

f> [ 

,4 ; 

24 

529*4 

«f 1 

42 

6.32-9 

f| 1 


663*4 

.. 1 

22 

610*9 i 


i OQAQ.AQ'j .■ ■. 

i^BwJand’s TabJ®'ci£ ^Bttl SpMtaram Wave-lengths gives 

the following lines (not^liiienltoned in -tiie above. listV as dne to Manganese: 
6467 640, 12-997, 6321-976, 4884-242, 4288-328, 4171-864, 4092-r47, 83 376, 46-371, 
33-814, 33-782, 31-942, 07 186, 3964-680, 62-103, '.87-973, 3896-b83, 88-971, 40-340, 
3696-800, 96-668, 91462, 84 680, 68 689, 68-044, 17-676, 16-631, 3690 109, 11-76.3. 
3488 437, 87 096, 74-287, 74-197, 60 174, 66-204i;66-121, 61-609, 42-118, 20-940, 
8386-086, 82-826, 82-129, 79-006, 70-770, 69-363, 68319, 66-661, 46-496, 43-804, 3()-802, 
20 783, 17393 , 1J8398, 16-661, 14-995, 14-874, 14-884* i3-862, 13-301, 12 063, 08-888, 
07-114, 06-001, 03-398, 3299-682, 98-361, 97-014, 96-961, 86-900, 78-687, 73 176, 70 47;), 
68-847, 64-833, 60-386, 68 642, 66-264, 66-617, 64-180* 83 090, 61-273, 48-637, 43-883. 
40726, 40-622, 36-906, 80-8(3, 28-219, 26 143, 24 882, 17-040, 13 004, 3178-620, 87-289, 
61 146, 48-283, 42-846, 40-430, 3079-724, 73-232, 70-872, 66*101, 62-222, 64-429, 48-99!). 
47-156, 45-698, 44-671, 40-712, 22-861, 2801-183, 2798-369, 94-911, 2693'810, 76-198. 
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Manganese (Anc Spectrum)— • 


Vave-lonpth Intensity 
(Rowland) and 

Character 

% 

3750-92 4 


Previous Observations 
(Rowland) , 


3750*916 Rowland 


Reduction to 
Vactyim 





682-1 { 
761*7 
787-4 
8090 
822-1 
881-1 
974-5 
27006-9 
016-0 
044-6 
061-3 
061-7 
070-8 
124-4 
129-1 
149-7 
163-8 
187-5 
235-3 
240-3 
243-7 
310-8 
452-6 
4958 
541-4 
586-6 
620-9 
689-6 
• 703-6 
711-0 
754-9 
758-8 
806-7 
873-3 
940-7 
28001-9 
004-0 
006-0 

174- 1 

175- 6 
177-4 

302- 4 

303- 4 

304- 8 
582-3 
688-2 
696-1 

. 656-0 
’ 702*7 
889-6 
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* Silicon (Spark Spectrum). 

Edcr and Valcnia, *Sitzber. kais. Akad. Wissensch. Wien/ ovii. (2), 1808. 

Esner and Haschok, iiui., cviii. (2), 1899. 

Lookyer, * Proc. Royal Soc./ Ixv. p. 449. 1900. 

f observed also by Count do Qramont» who gives also lines at 6969*7, 6342*2, 
5978-9, 5960*3, 6948*0 ?, 6060*0, 5046*6. - 

^ Observed also by Rowland, whose values are 4103*101, .3905*666, 2987*766, 
2881-693, 2631-392, 2528*690, 2624*206, 2619*397, 2616*210, 2311-417, 2506-994. 
21 13-460. 2438*864i 2435*247. 2216*760, 2211*769, 2210*939, 2208 060. Rowland gives 
also lines at 5948*761, 6771*3^. 6708*620, 5645*886, and 2218*146. 
t 3807 Lunt, « Asejfbph. J.’ xL p. 269 (1900). v - ^ 



.3086*8 

2987*77 

2881-70 

2689*8 

77-4 

69*0 

31*89 

2568*8 

41*89 

34'7 

33-2 

28-60 

24-21 

19-30 

16-21 

14-42 


20981-0 

21852 

886-4 

057*6 

24200 

217 

292 

364 

402 

447? 

743 

862 

26594*5 
739*7 
819*4 
880*7 
924*7 
939*5 
942*1 
26072 • 
125 

260*6 I 

332*6 I 
366 
.371 
31828 
32316*8 
389 

33450*8 
34688*4 
37181 
338 
697 
983*6 
38917 
39330 
440*9 
462*6 
530 
593*6 
666 
719*4 
760-8 I 
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Silicon (Spark Spectroh}— 


1 Eder and Valcmta 

Exner and Haschek 

Lockyer 

Reduction to 
Vacu^ 

Oscillation 

Frequency 

1 Wave-length 

Intensity 

and 

Chara^er 

Wave length 

Intensity 

and 

Char4fcter 

Wave- 

lengtli 

\+ 

j 

"a*" 

, 2606-99 

8 

*2507-01 

■Qm 

■i 

0-73 

m 

39861-0 

2479-8 

1 

24-^8-68 

1(CN) 

— 

9t 

K 

40317-6 

C-i2-22 

3 

62 23 

In 


•t 


A 762*9 

46-0 

3 

46-63 . 

1 


ms3 

98 

871-7 



— 

* 43-91 

In 



‘ 18 

904-7 


2 

* 4^7 _ 

In 


. 99 

99 

906-4 

‘ 38-86 


• 38-87 4 

In 



12-1 

988-5 

35-25 


35-22 

3 


n 

9* 

41040-1 

2356-9 





0-70 

12-6 

1 42416 

03-3 


— 



0-69 

130 

43403 




2296*96 

1«5) 


99 

99 

622-1 

2219-5 





mmmi 

13-7 

45041 

1 18-15 





n 

99 

053-4 

1 16-76 


* 16-76 

In 


98 

99 

092*8 

1 S 


• 11-87 


' Y-.' 


13-8 

194-4 

1 109 

3 

♦ 10-97 


’ "•-r '■-•Y'l; 


98 

217-3 

I 08-1 

n 

♦ 08-1 




99 

274 

;■ 2132-8 

2 

— 



ro«8 

14-6 

47092 

^ 19290 

1 

— 



la 

16-6 

61823 


Aboon (Yaohum 
The nd end of the ted qpeotrain 

Bongei • As^pb. lx, p. 981. : 188% 

Bunge and Baaoben, * Aatroph. pEL 88, 18818. 


Wavo- 

lenglh 

(Bunge) 


80H-73 

06-00 

7948-32 

7724-16 

7635-19 

7614-77 

04-04 

7436-77 

7384-18 

72-28 

63-42 

16-16 

1180 

727313 

07-20 


* Theaellnee belong algo to tbft * 

I I ■ 111— 


Intensity 

Previous ItImaieiM 

Bimbtion to 
Vacuum 

Oscillation 

Frequency 

Bunge and 
Pawhen 

Xayiw-- 

• i 

'•■’i 1 

1 

A" 

• 

CrooM'-'j 




1 

.... ( 

' / 


4n- 

34 

12473-6 

1 


— ■■ ■ 

■ • ■ ‘ * -'.‘’iY-l 

%6 

■ 

99 

487-2 

1 

7952 


■ lel-V Y=i 

2*16 

99 

677-9 

2 

7726 

77SP*4t 

, , ewena 

2*09 

3-6 

942-9 

3 

7636-2 

*7635*6 


WMm 

m 

13093 7 

,3* 

7516*4 

7516*1 

Mm ^ 

■2-04 

36 

303-5 

7 

04*6 

03-4 

7606 


. 99 

322-6 

1 

... 


.. 

ftliU 

99 

444*9 

5* a 


7883*3 

7377 

200 

3*7 

538-8 

1 • 





... 

560-6 

1 




1 1*99 

.. 

597-3 

f 




1-98 


664-7 

. 1 




.. 


* 672-8 

5* 

7273-04 

7271-6 

7263 

1-97 


746-6 

1 


— 

*— 

1-95 

— 

• 871-3 


Nasini, Anderlini, and Salvadori lAcead. ZineH Atti, Till. 269 (1899)1 give inba 

IMl** 


B 
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Abgon (yAC{nm*TVBii)^continued. 


^ t These lines belong only to the * blue spectrum.* 


Wave-length 


Previous Measurements 

Bcdnction 
to Vacuum 



Intensity 

and 

Character 

* 




Oscillation 

Frequency 

Bunge and 
Paschen 

ii: 

*K*yMr 

Crookes 

X + 

1_ 

x"* 

7147*30 

• 1 

7146*8 

■ _ 

194 

3*8 

13987*5 

7008*83 

1 

— - 

— 

1*92 


14142*8 

67*54 

5* 

7066-0 


•> 

99 

155*4 

30*54 

• ■«»* ' 

Ii 29*2 


1*91 

99 

219.0 

6965*81 


6964*8 

6965*6 

1*89 

3*9 

351*9 

37*99 

. 

OT*8 


1*88 


409*6 

6888*83 


't'-- ' 

.... 

1*87 

99 

612*3 

80*26 




’* * 

99 

30*4 

71*66 


: (tsiH 

— 

186 

99 

48*8 

27*85 



— 


4*0 

641*9 

6766*97 

1 1 


— 

1*83 


773*7 

56*58 


■ ■—■'1 


i> 


96*4 

53*15 

■ •5*'-rv 

6758*7 ;• 

6764 

t» 

It 

803*9 

19-33 




1*82 


78*4 

6699*06 





99 

923*5 

84*95 


.•-?,66S4-8,.^^v 


f» 

99 

65*0 

82*7 4i 



'■ ; 

1*81 


60 

79*01 


'• '■ ■'* ’ 

' — . 

»» 

99 

68-3 

77-61 


76*5 . 

6664 

f9 

99 

71*4 

64*^7 ; 


-T 


99 

4*1 

16001*3 

60*92 



F" * 

9f 

99 

08*8 

44*3 


' , 44'2.. r. 

-1— 

1*80 

99 

46 

40*6 

It'. 



19 

99 

55 

38*7 


:4 88*6 



99 

59 

32*07 


V-;' .-r-.v'.-. 

— 

>1 

99 

74*1 

15*2 



99 

99 

113 

05*05 

• 'r-d-:-. 

■-1I- « . 

o ^ 

1*79 

9* 

35*9 

6338*43 



T* . 

1*78 

■ ■ 

290*1 

13*87 - 



— 

1*77 

■ 1 

347*8 

6494*10 


.. 


1*76 


94*4 

83*6 

-'..af 

<482-6 ■ 


19 

19 

419 

81-17# 

66*65 



— 

»» 

It 

26*1 

69*8 

31*77 


- /.J 


1*75 


. 643*6 

16 54 


'V ^ 16*2 :-f 

6407 i, 

1*74 

• 

80*5 

03*21 * 

1. 

: ^ . 

i . 1 

99 


615*4 

6384*89 

5# 

6884*5 

(t 6377 

99 


67*8 

69*74 • 

4. 

68:0 


99 


• sifeo 

,66*02 


= ■, — 


1*73 

mm 

706*7 

34*24 

<1'^'- 

— i 


1*73 

H9 

82*9 

09*36 

1 



99 


846*2 

07*91 

6 

07*8 


99 < 


48*8 

6299*01 

<1 



1*71‘ 


71*2 

97*15 

5 

6296*8 

' 6302 

91 


76*9 

78*80 

2 

* — 


99 


922*3 

66*70 

1 

... 

■ ^ ■■W * 

1*70 


63*1 

69*58 

<1 



If 


71*2 

48*65 

4 


— ■ 

Ig 


992 

43*45 

8t 

43*7 

.. 

If 


16012*5 

405 

<;t 



II 


: 20 

38 58 

<1 

— 

■ 

»» 

■W 

26*0 
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II 6043*68, 6032*69, Sder and Valenta. 


. hS 


tUtePOat— i&Ol. 


AttGON (Vacuum-tube) — oaniinued. 


Wave-length 



Previous Measurement 


Intensitv 
and ^ 
Charaoter 


Beduotion 
to Vacuum 


1 

8 

4 

8 

6 

2 ■ ■:? 

4 

8 

a. 

<x - 

‘. a 

■ 



«888-Mf 
: 88-78I 


6061 1 


I 6928-8111818^ S889-02, 6888-03, 5860-69, Eder and Valenta. 

V#-. ^ Vaitadioh. ' 

Hasselbeti^ : ' KongX. 8r«liik8 Tetentkaito^AkadeiD. Hand!./ Bd. xxzii., No. 2. 189! 
Bowland and Harrlaon : * AatcophTa. Jour.* April 1898. . 

Exner and Hasch^: ^Sitaber* ntfa. Akad. Wiseensdi. Wien/ Bd. ovil. (2). ^1891 
Lockjrer and Baxandall ; * Proo. Boj. Boo./ vol. Ixvili. p. 189. 1901. 


t Coincident with Fmnnhofer lines. 



Are Spectrum 


Hasselberg 


6860-60 

46-66 

39-34 

30-97 


Bowland and 
Harrison 


Intensity 

and 

Charaoter 



Oscillation 
Frequency 
in Vacuo 
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YAXiAmnu-^eontinued, 


Arc Spectrum I 


Reduction to 




Intensity 

Vacuum 





f 




and 

Character 

XH- 

1 

x“* 

Frequency 
in Vacuo 

6817-80 

, ■ 

3 ^ 

1*69 

mSm 

17183-9 

17-33 

— 

8 

*t 

ft 

1863 

07-40 


4 

1*58 

It 

214-7 

0017 


3 

ft 

• 

236-2 

5788*85 


8 

It 

ft 

269*9 

86*42 

6786*413 ^ 

' 4 

ft 

ft 

277*2 

84-64 

84*646 

4 

#t 

It 

282-6 

83*76 

83*764 « 

2 

It 

It 

285*1 

83*14 


2 

It 

It 

286-9 

83-85 

82*848 

2 

It 

ft 

287-8 

76*95 

76*930 

46 

; 1-67 

tt 

805-6 

72*66 

72*667 

4s 

::V 'it , 

It 

318-3 

61*70 

61*674 

3 

‘ ft . 

tt 

.351*3 

52*99 

52*986 ^ 

3 

M 

ft 

377-6 

50*90 


• '■ 

■'-ft-;'.. 

It 

383-9 

49*13 


■ ' 4s ' 

K'-' w. ■; 

It 

389-2 

47-98 

— 

28 

. It . 

tt 

392-7 

43*67 

43*675 

:.‘-5- 


. It 

405-8 

37*28 

37*310 



' tt 

4251 

34*26 

34*264 



.ft 

434*3 

3S63 

— 

2 : 

.»,t ./-A 

ft 

4353 

3334 

33*336 « 

y -• 


If 

437-1 

31*48 


■ 7/ • 


■ 

442-8 

27*90 

27*900 

6 


. n 

463-7 

27*25 

27€89t 

8 

;■ -it 

- n - 

4666 

25*90 

25*881 

48 

•» ' 

tf 

459 8 

1649 

16-461 

3 

• , M 

4*8 

488-6 

09*25 

09*198 

3 

• ' 

...- -ft 

610-7 

07-26 

. 07-236t 


: It 

. ' ft 

616-8 

03*83 

6698*74 

03*825t. 

6698*766 

7 • 

V«5 


627-3 

Js 1 0*Q 

if.-- 8 ' 


It 

676-0 

88-02 

87*998 

2 


ft 

83*47 

83*461 




690-1 

71*10 

71*091 ; 


k 


628-6 

68*61 

68*608 

■6.^’0 



636-2 

67*67 

5711 

67-689 > 

67*119 

;V 3 

2’ ■, 



670-3 

672-1 

46-36* 

46*352 

6 

yw: 


705-7 

36*76 • 

36*742 

-.3; , 

’ ft, 


7.39-1 

— 

84*146 




744-1 

. 32*73 

82-702 

-: '2.- 

i w ' 

HlH 

748-6 

27*86 

27-886t 

,y 7 

1-63 


763-9 

26*27 

26*267 

-■ 5' - . , ■ 



769-0 

25*16 

26*121 

4 

n • \ 


772-6. 

24*80 

24*863 

24*446 

5 

.. ! 

Hlfl 

773*6 


3 

mm 


774-7 

22*34 

22*319 

3 

■M 

It 

781-4 

‘ 06*20 ^ 

.06*187 

6 . 

mm 

4*9 

836-7 

04*91 

04*876 

2 * 

.. 

It 

836-7 

04*44 

04*443 

6 

■■ 

It 

838-1 

01*63 

01*627 


■■ 

tt 

JB47-0 

— ■ 

6593*047 


■■ 

It 

868-6 

5593*22 

94*781 , ' 
93*208 

2 

3 

tt 

tt 

869-1 

873-9 

92*67 

92*670 

6 • 

If 

tt 

876-6 
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YAJSXDivu^eontinuad, 


Aro Speoferum 

Intensity 

and 

Character 

Beduotion to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Bowl&nd and 
Sarrison 

m 


5588 71 

5588*713 

3 

1-62 

4*9 

17888-3 

86-26 

86*232 

4 

1 ■* 

tf 

896*2 

85-00 

84-979t 

8?V 

tt 

tt 

900-2 

84-75 ^ 

84*746 

5 

It 

tt 

901-0 

i*. 

81'602 

4 

•• 

It 

901*6 


76-752 

4 

•» 

• ** 

926*7 


er-Toa 

4 

»* 

tt 

956*8 . 


66-156 

M 4 


It 

960*8 

61-92 

61-897 

4 

ft 

It 

974*5 

69-00 

^ 68*995 

4 

ti 

tt 

983-9 

67-71 


2 * 

ti 

tt 

988*1 

48-41 


2 

1-61 

tt 

• 18018-3 

47-31 

47*306 

6 

ft 

tt 

021*9 

46-18 

46-166 

^ 4 

ft 

It 

025-6 

4 -i- 

46101 . 

4 

ft 

It 

029*0 

’ — 

42*964 

. 4 

ft 

It 

036*0 


86-669 

: 4 

ft 

It 

069*8 


85*082 

' 4 

ft 

It 

061-7 

• ^ 

84-056 V 

4 

It 

It 

065*0 


■'• •17^37 

4 

It 

tt 

119*4 


: 16*801 

4 

ti 

. tt 

126*5 

11-41 

; U-413 ; 

8 

1*60 

t* 

139*3 


08-866 

4 

ft 

It 

147*6 

07*97 

07*744 

' 5 

ft 

It 

151*0 

— ■ -• 

06*097 

[.»• 4 *• 

i> 

It 

166*8 

05-13 

■ 06*097 

3 

tt 

It 

1600 

6490-22 

6490*181 

8 

t* 

6*0 

209-3 

88-18 

88-312 - 

4 

If “ 

It 

216-7 

87-48 

87-456 

3 

f 

tt 

It 

218-3 

71*56 

-71-663 

1 2 

1*49 

It 

271*3 

68-03 

■y; 

2 

If 

tt 

283*1 

64-30 


2 

ft 

ft 

296-6 

58-39 


4 

ft 

tt 

315-4 

— 

; 56-o3i± , 

V - 4 - 

It 

tt 

826-7 • 

43 50 

tV' '• 48*460 

2 

It 

tt 

365-6 

37-93 1 

•.'■.‘i; 8T-886 . 

8 

1*48 

It 

384-4 

34-43 

\ ■ 34-410 

4 

It 

ft 

396-2 

— ✓ 

^ 84-281t ; 

2 

tt 

tt 

s 430*6 

21-96- 


2 

It 

1, 

438-5 

20-32 


2 

tt 

,, 

444-1 

18*33 

18-318 

6 

ft 

t* 

450*9 

15-51 

16-4791 

6 

ft 

It 

460-5 

02-17 

09-148 

5 

tt 

tt 

506-1 

- 5398-13 


8 

1-47 

6*1 

519-8 

88-66 ; 

6888-634t 

8 

tt 

^t 

552-8 

86-39 f 

— 

4 

ft 

tt 

563-7 

83-68 

83*661. 

4 

tt 

tt 

569;6 

— 

6|-619 

4 

1-46 

It 

673-8 


88*812 

2 

tt 

tt 

725-7 

30-65 * 

' 80-616 

2 * 

ti 

• ft 

754-4 

29-05 

— * * 

2 

tt 

tt 

7600 

02-40 

— * 

2 

1*45 

5*2 

854-2 

K6287-88 

/ — 

2 

1-44 

tt 

906*0 


t 6455-02 Buthenitun. 


t 5424-274, 6416-48 iron. 
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Vakadium — continued. 


Arc Spectram 

Intensity 

and 

Character 

Redaction to 
Vafiuiim 


Hasselberg ^ 

Bowland and 
Harrison 

• 

A+ 


6282*75 


2^ 

1*44 

6*2 

18924*3 

72-92 

— 

2 

»9 

ft 

959*7 

71*28 

6271-119 

2 i 

19 

•u 

966-8 

66-33 

' — 

2 

ft 

ff 

983*4 

61-20 

* 61*149 

2 

M 

If 

19002*0 

^ 60-6G 

60*627 


ft 

ff 

004*3 

— 

68*308 


■ft 

ff 

012*3 

41-06 

41*065 

48 

1*43 

«f 

074*9 

40-40 

40*364 

2 

. »> 

ff 

077*4 

34-31 

34*249 

.48 

< ■■ 

•f 

099-6 

33-91 • 

33-895 

2 

'‘J ■ 

ff 

101*0 

2697 

25-920 

8 

-ft- 

ff 

131*7 


16-80 

f6-772 

8 

'■’ft 

ff 

163*7 


13-87 

13-837 

2 

ft ■ 

ff 

^ 174*5 


12-47 

12-399 ki- 

' •;/-'2 

1-42 

ft 

179*7 


07-89 

07-844 • 

.-2 

"■•j-'.fr ■ 

6*3 

196-4 


06-82 

06*790 

2 -- 


• ■•'’ff 

200*3 

— 

00-620 

•• 

■■■ 'M.'i'i 

ff 

228-6 • 

— 

6197-215 


' w '’’I 

ft 

235*8 

6196-58 

96-664t . 

-■‘4' 


. .If 

241*9 

95-01 

95-021 

4 


if 

243*9 

93-82 

93*796 

4 


ff 

248*3 

93-18 

93184t7 V 

4 

’ -w 


260*7 

92-22 

92-11» 

2 

' m ^ 

#■■■■ 

264*3 

83-07 

83*033 

2 

W'.’ 

ff 

288*4 

81*01 

80-926 

2 

i- f» 

ff 

296*1 

79-35 

• # 79*275 




302*2 

78-76 

78-733 

% 


If 

304*4 

77-03 

76-956 • 

4 ' 

•9 

ff 

310*9 

— 

76*683 

-2 . \ 

, ,.f» ’ V ! 

ff 

312*1 

— 

74*714 



tf 

.319*4 

72-35 

72*284 

'■'•••■-'■'2 ■■ * 


ff 

328*4 

70-15 

70*114 


IBWE 

.-'-'if 

836*6 

— 

69*126 * 

• ?i- 2 

hbH 

BBrrm 

■ 

840*3 

67-04 

66*961 


■'-ft 

fi' 

848*3 

66-14 

65*072 

1 r* 2.-‘ ' 

.. r- 

/ If ' ■ 

866*3 

69*56 

59*620 

Kr .4. 



876*3 

— 

‘ 59*438 

2 


% 

ff 

• 376*6 

67-27 




ft 

884*8 

48-96 

48*893 

' ' -tw-A 


If 

416*3 

89-74 

39*704 

■^;:4’ ' 


r ** 

461*0 

38-58 

88*697 

■ 4 

If ■ ' 

If 

455*3 

— 

87-772 

2 

1-40 

ff 

468-4 > 

28-71 

E 28*706 

6 

ft 

ff 

, 492*8 

06-37 

^ 06*324 

8 


6*4 

681*9 

6064-32 

6064*296 

'H 

1*39 

ff 

740*6 

60-91 • 

60*831 

2 

1*38 

I) 

764-0 

*— 

it 51-781 

2 

If ‘ 

II 

789*6 

— • 

♦ 47*484 

2 


If 

806*6 

14-83 

14*811 

♦c 

l"37 

6^5 

938*4 

02-54 

02*505 

4 


ff 

984*4 

4943-04 


.8 

1%6 

6-6 

20224*9 

83*82** 

4938*786 

2 

If 

If 

262*8 
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BBPORT-~1$01 


VANADlUM-*<Wtfi»V«^. 


1 Are Speotram 


Bednotionto 




Intenaity 

and 

Character 

1 VAAUum 

Oaoillation 





HMMlbetg 

Rowland and 
Harriaon 

\ + 

1 

7 — 

/V 

Frequency 
in vacuo 

*4932-24 

4932-^21 

4 

1-36 

5-6 

20269-2 

* 26-83 

25-837 

5 



296-9 

• 22-60 

f2«43 

3 

»• 

99 

809-0 

— • 

19*171 

2 

If 

99 

823*0 

• 6-48 

16-436 

3 

1-34^ 

99 

384-2 

08-92 


2 

2 

ft 

•9 

19 

99 

847-4,. 

365-6 

— 

07-046 

2 

91 


378-2 

• 06-06 


2 

91 


876-4 

* 05 -10 

06-060 

8 

I* 


881-3 

♦ 04-69 

04-876t 

6 

t* 


383-5 

♦ 00-84 

00-820 

5 

99 


899-1 

*4894-43 

4894-396 

4 

99 


426-9 

♦ 91-81* 

91-767 

4 

19 


486-8 

* 91-43 

91-414 

'#■ 3 

99 

99 

438-4 

* 9032 

;> 90-266 

8 

H 


443-1 

* 87-02 

* 86-990 

4 

99 


466-8 ' 

• • 86-86 

'88-8t7..".. 

4 

99 


4U1-7 


*82-369 

4 

»9 


476-3 

• 81-76 

81-745f > 

6 

>9 


478-9 

• 80-77 

80*746 

6 

M 


483-0 

* 76-66 

76-674t ’ 

8 

1-33 

99 

504*4 1 


78-170 

2 

99 


614*9 ! 

♦ 71-46 ♦ 

71-468 ' 

4'* 

.19 

ft 

522-1 1 


70-884 ^ 

* 2 

99 

ff 

626-9 

* 64-93 

. 64-948 

8 

99 

ff 

1 649-7 

* 62 83 

62-801t 

4 

• • 

t9 

668'6 

* 69-34t 

. — ■ 

4 

99 

6-7 

673*2 

— 

1 , *88^809 

1 4 

99 

ff 

676-6 

— 

•67-241 

2 

99 

ff 

682-1 


/«-n4 

m66 

1 

99 

99 

ff 

f f 

695-3 

603-7 

• 61-66 

1 61-6864 

'8 

99 

»f 

606-8 

— 

r; 49-468 .> ■ 

2 

99 


615-2 

— 

■ .W;49i!62 - 

2 


ff 

616-0 

♦ 48-98 

49-004 ■ , 

3 

91 

ff 

6iM 

#* 

'*46-799 

2 

ff 

ff 

626-6* 

♦ 43-lC 

’ 48-196 

8 

99 


641-9 

— 

- 8<W)40 

> 2 

1-32 


676-6 

— 

a4--264.'i«fe-. 

2 



679-9 


*84006 

2 



681*1 

♦ 38-17 

' 88018 

4 



684-5 

^ • 32-69 

8^8174 

81-8364 

6 



687-1 

* 81-80 

7 


ff 

690-4 

* 30-86 

80-879 

3 



694-5 

— 

99-«7 

2 



700-7 

♦ 29-00 

29O08 

3 


fft.' 

702-5 

* 27-62 

27-6884 

7 • ■ 

if 

ft 

708-4 

• 

23-031 

2 

9^* 

ff 

728-1 


— A ^ liookyer md BazandaU. whase nmnlMis an : 4982-28 , 25 W, 

22-60, 16-46, 08-90, 06 05, 06 06, 04-60, 00-82, 4894-42, 94-74, 91-40, 90-80, 87-08, 86-8». 
?? on ***®'**» 64-92, 62-83, 69-88, 68‘80, 67-20, 6M9, 49 06, 46-80, 

43-20, 34-00, 83-24, i|2-61, 81-86, 80-90, 29-00, 27-68. 
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YkYlkVilVU-^ntinued. 


AnSpeotmm I 

■■ 

Reduction to 

1 




Vacntun * 

OacillatioQ 

■■ 




Hastelberg 

Bowlandiand 

Harrifion 




Frequency 
in Vacuo 

n 

mu 

X 


*4819*22 

4819*226 

8 

1*32 

6*7 

20744*6 

— 

♦08*842 

2 

If 

•1 

789*3 

• 07*70 

07*736t 

7 

If 

• 

794*2 


*03*240 

8|;. 

1*81 

8« 

8136 


02*373 

2 

98 

II 

817*3 

♦4799*94 

4799*972t 

4' . 

•9 

II 

827*8 

■ • 99*20 

99*210 

, s -v. 

II 

II 

831-0 

♦ 98*12 

98*161 

8 

II 

•1 

> 836*7 

* 07*07 

97*119t 

■■■■ 6- ■■ 

18 

II 

840-2 

♦ 96*27 

96*293 

■4 

81 

n 

848*1 

— 

94*730 

2 

88 

D 

860 5 

♦ 93*10 

93*136 

• -4 

'' '•’•It 

HI 

867-6 


89*103 

*• 2 

•l' *■ 

HI 

876*0 

* 86*70 

86*706t 


w 

88 

885*6 

♦ 84*66 

84*663 


'' in 

81 

894*4 


81*614 

■■.■‘■f'"' .1 

/ 88 

68 

908*2 

• 76*70t 

76*644 

^ '■ 4 

„ ' W . 

18 

929*3 

* 76*641 

— 

:...:6';*’;n 


” 1 

929*8, 

♦ 73*25 

73*263 

' 8 


* 

89 

944*2 

* 72*74 . 

72*781 

■■ 8- ■; 


ft . 

946*4 

— 

19*208 

B 

.'''■fi' 

II 

962*0 

* 66*80 

66*888t 

. • 6 

l-8p 

18 

971*6 

* 66*84 

65*869 

8 

’ 88'* 

.. 91 

976*8 

— 

♦64i224 

2 

' n*. 

. 88 

9840 

— 

♦69*210 

■ 2 

Ml’ 

■ 88 

21006*1 

0ft*8 

* 67*68 

67*686 

■ .6 ■■ '''I 


■ 18 

• 57*66 

_ 

4 

.88 

If 

013*4 

♦ 64*13 


■■ ■. 6 

V 88 

18 

028*6 

* 61*76 

•62*036 

61*769* 

2 

• • 4,'‘'-' 

' ■■• If' 

. 88 

"t 

I* 

037*8 

039*1 

♦ 61*46 

61*463 


88 

II 

040*4 

* 51*16 

61*211 

■i 

H 

18 

041*6 

♦ 48*70 

48*723 


■ V. O’ 

18 

052*5 

* 47*30 

47*313 


■<* ' If - 

88 

068*8 


46*827 - 


'i’rii' ' 

18 

,060*9 


42*819 ' - 

> ' '4 


18 

■ 078*8 


89*849 


; ; 

88 % 

092*1 


* Lockyer and BazandaU. 4819 23, OS tt, 07*78, OS-Sl^ 4799*98. 99*20, 98-19, 97 08, 
98*«, 0316, 86*71, 84*72, 76*63, 78 29, 72*76^66*82, 66*91, 64 22, 69*20, 68*96, 67*62, 
6413, 62*06, 61*79, 61*46, 61*,18, 48*70, 47*80, 46*87j 42*86, 88*80. , 
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REPORT — 1901. 


VANADiUM^eimtinueii. 

" Signifies that the line is douhle; b* that the line is sharply defined on the 
Violet side and nebuloas towards the red ; and b' means that it is sharp on the less 
refracted side andT nebuloas towards the violet. 



Axo Speotnim 

Spark 

Spectrum 

p 

Intensity and 
Character 

Reduction to 
Vacvom 

Oscillation 


■* 







Frequency 
in Vacuo 

Hasaelbexg 

Rowland and 
Harrison 

Exner and 
Haschok 

Arc 

Spark 

^+ 

1 

x"" 


4738*61 

4738*6^6 


3 


1*30 

6*8 

21097*9 


37*91 

37-924 

■ ^ 

2 


*■ 

99 

100*6 


32*12 

32*108 


3 


99 

99 

126*4 


31*74 

31*746 


3 



99 

128*1 


31*42 » 

31*443 


3 


91 

9t 

129*5 


30*67 

30*574 


.4 


9> 

tf 

133*3 


29*73 

29*724 

- ■ -V . 

4 


1 29 

19 

137-1 


28*85 

28*840 

** \ * 

2 


»i 

It 

141*0 



*24-076 . 


2 


99 

ft 

162*3 


23*63 

23*626 

a. 

2 


ft 

tt 

164*3 


23*06 

23*066 


6 


9f 

ft 

166*9 


21*70 

21-704, 


6 


ft 

tt 

173*0 


21*42 

21*444 

* *’. 

3 


ft 

9t 

174*2 


17*85 

17*874 

■ • . '• . 

5 


9f 

*99 

190*3 


16*36 

16*377 


8 


ft 

t1 

197*0 


16*08 

lft079 'i 


4 


9t 


198*3 


1561 

15*660 


8 




200*3 



•16-4881^ 


2 

« 

ft 

9t 

200*9 


14*28t 

* 


.5 


9t 

99 

206*4 


13-61 

13-689 

‘ 

3 


>9 

tf 

209*3 


10*74 

10*746 


6 


99 

tt 

222*3 



09*130 

' / 

2 


99 

tt 

229*6 


w 

08-397 


9 


99 

9t 

232*8 


07*62t 

07*629 


4 


99 * 

6*9 

236*8 


06*76t 

06*761 


5 


99 

99 

240*2 


06*34 

^6*367 

^*278 

' . . 



99 

91 

242*0 


05*26 


4' 


19 

It 

246*8 



♦02*689 


2 ' 


99 

It 

258*6 


4699*62t 

4699*605 


4 


It 

>* 

i 272*9 


90*45 

90*438 


2 


1*28 

tt 

814*0 


88*24 



2 

i 

91 

It 

824*1 


87-tO» 

87*100 


6 


91 . 

tt 

8293 


84*64 ^ 

84*634 


4 


91 

99 

340*5 


t8209 7V 

. ‘ 81*073t>. 

•• ■ 

2 


99 

II 

362*1^ 


81*07 f 


3 ^ 


91 

II 

366*7* 


79*95 

79*961 

• 

3 


ft 

91 

361*8 


79*65 



2 


II 

19 

863*2 


73*83 

73*836 


2 


19 

9» 

389*8 


72'48t?V 

-.ft 

V 

2 


99 

It 

896:0 


7066 

70*666 

4670*66 

8 ^ 

a 8 ^ 

ft 

It 

404*3 


69*60f 

69*487 


2 

f 

i 99 . 

99 

. 409*7 


66'33f 


66*32 

4 



19 

424*2 



63*314 1 
♦62*605 ; 

6| 07i 

6 * 

a 

99 

99 

439*2 


62*02 



2 


99 

19 

444*0 

0 

m 

61*01 

67*17ct 

00 

CO 

57*16 . 

2 

1 ® 

2n 

91 

99 

99 

99 

448*7 

486*6 


* Lock]f«r and BaxandaU, 4788-60, 87-90, 82-17, 81-80, 31-40, 80-88, 29-77. 
28-86, 24-07, 23-66, 28-06, 21 Vl, 2140, 17 89, 16-89, 16 11, 16-62, 18-80, 14-39, 18-66, 
10-76, 07-64, 06-76, 06-88, 06-23, 02-70, 4690-46, 88-24, 87-11, 84-67, 81-19, 80^)8, 79-68, 
78-88, 72-48, 70-66, 69-80, 66-84, 62-60, 62-00, 61 00, 67-17, alao Unea at 4709-98 ana 
4682-93. 
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Vanadium— 



46 - 20 , 44 - 66 . 
18 - 00 , 17 - 00 , 
86 - 61 , 86 - 20 , 
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BEPUllT— lUVX. 


Vanadium — oantinued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Beduction to 
Vacuum 

Hasselberg 

Etowland and 
Harrison 

Exner and 
Haaoh^ 

Arc 

Spark 

A + 

1 

♦ 4670*60 


4670*67 

4 

4 

1*25 

6*0 



69*4 


2 

*• 

II 



67*40 


2 • 

t* 

II 

* 64-76 

4564*756. 

64*80 

2 

12 

ti 

II 



63*95 


2 

i» 

6*1 



63*55 


2 


II 

* 60*90 

60*893 

6090 

6 

12 

»• 

II 



58*60 


2n 

tf 

II 



56*95 


2n 

•« 

•1 



65-58 


2 

It 

II 

.♦ 53*25 


5389 

5 

8b» 

If 

II 


62*735 

58*67 


2 

II 

•» 

♦ 62-05 

62*016 

51*99 

4 

2 

II 

II 

• 49-8lt 

49*824 

49*8|f 

6 

12 

II 

II 



4797 


2 

II 

11 

• 45*57 

46*566 

4560 

7 ^ 

14 

11 

II 

• 41-57 


41*5 

2 

2b 

1*24 

II 

• 40-18 

40-i79 

" 4018 

4 

4 

II 

II 

* 37*84t 

87*884 

87-80 

4 

4 

II 

II 



86*1 

6 

2b 

II 

II 



85 78 


2 

II 

II 



85*4 


2a 

It 

II 

♦- 


84*94 ‘ 


2 

II 

II 


•84*107. 

84-11 

6 

4 

II 

II 

* 30-97 

80-978 

30*95 

4 

2 

II 

II 

♦ 29-76 


29*73 

5 

4 

If 

II 

♦ 29*47 

29*476 

29-45 

4 

2 

11 

11 

• 28*66 


. 28*69 

4 

8 

II 

II 

• 28-16 

28-168 

28*12 

5 

4 

II 

II 

• 25-31t 

25 337 

25*31 

, 4talso 

4 

It 

II 

* 24-38 

24*378 

24-41 


6 

II 

II 



23*97 


2n 

II 

II 



22*82 


2 

II 

II 



20*70 

• 

2 

II 

II 

* 20*67 

20*686 

20*63 

'3n 

2 

•1 

II 

♦ 20-31 

20*331 

20*32 

4n 

2" 

II 

II 

* 17*77t 

. 17*738 

17-70 

4 

4 

11 

II ♦ 


, «■ 

16-86 


2a 

II 

II 



16*21 


2a 

fi 

II 

* 15-74 

16-729 

16*71 

3 

2 

fi 

II 

• 14*36t 

14-357 

14*37 

, 5 also 

4 

II 

11 




Fe,C< 

> 



13-79 

13*792 

13-78 

4 

2 

11 

II 



12*92 


6a 

It 

II 

• 11-64 

11*606, 

11*60 

4 

2 

.[ ‘ 

II 

09*49t 

09^463 

.09816 

4 

2 

It 

II 



08^4 


2n 

II 


♦ 08-11 


08*05 

2 

2 

II 


* 06-77t 

06*744 

06*75 

4 

8 

( ** 

' II 


Oscillation 
Fre^ency | 
in Yactto 


218730 

879 

888-3 

900-9 

904-7 

906-7 

919-4 

930-5 

938*6 

946-2 

966*3 

958*9 

962-1 

972-8 

981*8 

993*3 

22012*9 

old'6 

030-9 

039-3 

041-1 

012-7 

044-9 

049-0 

064-3 

070- 2 

071- 6 
076-4 
078-0 
091-7 

096-3 

098-4 

106-6 

ni4-4 

114-7 

1162 

128-9 

133-2 

136-8 

138-7 

146-4 

148-2 

162-6 

168- 9 

169- 6 
174-6 
176-4 
182-9 


* Lodger and Baxandall, 4670-6)^64-79, 60-89, So 20-3f 

0-18, 37-M, 84-08, 80-98, 29-78, 29-60, 28-64, 28-19, ^88, 24 ?4«03-ll 

7-« 16-73 14-86 18-88, 11-68, $» 46, 0810, 06-78, 06-40, UnM 



WAVa-LfiSfiTH TABLES 0> Tta 8PECTHA OP THE ELEMENTS. 109 
Vanadium— 


- 


1 

Spark 

Intensity and 

Beddction to 

Aro Spectrum 

Spectrum 

Character 

Vucnuift 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A+ 

1 

A*" 

* 4306*41 


4506*40 

3 

2 

124 

6*0 

* 06*30 


06*27 

4 

2 


If 


02-12 

4502*121 

02*19 

6 

6b^ 

1*23 

If 



♦01*44 


2 


If 


0101 

01*001 

01*00 

4a 

2 

M 

If 



4499*97 


2 

»l 

If 



98*28 


2 

ft 

It 



97*88 


2 

If 

II 

* 4497*57 

4497*574 

97*57 

4 

4 

ft 

62 

♦ 97*03t 


97*03 

4 

4 

11 

II 

♦ 96*26 

96*233 

96*60 

6 

6b* 

f* 

II 


95-16 


95*18 

3 

2n 

tf 

If 



92*47 » 


2 

•1 

fl 

91*66 

91*648' 

91*66 

2 

2 

H 

If 

91*35 

91*343 

91*35 

38 


If 

If 


90-95t 

90*981 

^ 90 99 

58 

4 

If 

fl 



• 90*3 



ff 

fl 


89-06t 

89*096 

89*11 

7 

2 X 

ff 

ft 



88*46 ^ 


ff 

fl 


6-14 


86*43 

2 

2 

' ff 

ft 



85*9 

‘ * 

2a 

ff 

ft 



83*76 

58 

2n 

ff 

If 

80*20 

80*206* 

80*26 

« 

4b* 

tf 

' If 



* 77*46 


2 

ff 

If 



76*06 

4 

2 

ff 

If 

76*06 


75*85 


2 

ff 

If 

74*89 

74*899 

74*93 

7 

10 

If 

If 

74*21 

74*207 

74*28 

6 

10 

If 

If 



♦ 73*43 


2 

If 

fl 



72*53 f 


2 1 

If 

If 



♦71*94 


2:. • 

ff 

If 



♦71*50 


2 

fl 

II 



70*827 1 

7100 1 
70*60 j 

2 

2 

2n 

If 

ff 

If 

If 


* 69-88 

69*871 ^ 

69*92 

7 

12b* 

If 

If 


* 68-94 

68*931 

^ 68*94 

4 

• 4’ 

1*22 

II 


* 68-19 

68*174 

68*20 

6 

6b* 

ft 

II 




* 67*78 


2 

ff 

•if 


• 67-04 


67*05 

4 

2 

f 

If 

If* 


• 65 675 

6567 

6 

.4^ ■- 

ft 

If 



♦ 64*96 


4 

ff 

fl 




♦64*49 


6b* 

ff 

II 




63*80 


2 

ft 

If 


* 62-56 

62*533 

‘ 62*60 

TseeHi 

14 

ff 

II 


• 60-46t 

6(k849 . 
/6(P462 

61*20 

60*68* 

8 

9' 

12b* 

'ft 

fl 

If 

If 


• 69-93t 

59*918 . 

59*98 


14 

ft 

ff 



• 68*916 


2 


ft 

If 



, ♦68*57 

2 

2 

• II 

fl 


* 67-97t 


67*98 

6 

6br 

a 

If 

If 


OBeillation 


Frequency 
in vacuo 


22184*6 
185*0 
205*6 
' 209*0 
211*2 
216*3 
221*6 
22«*6 
228*0 
230^7 
234*6 
239*8 
253*3 
2673 
258*8 
260*7 
264*0 
270*0 
273*1 
283*2 
285*9 
296*6 
313*9 
327*9 
334*9 
335*9 
340*7 
344*1 
348*0 
352*5 
355*5 
357*7 
360*2 
362*2 
365*8 
3705 
374*2 
876*3 
379*9 
386*8 
390*5 
392*8 
398*7 
402*3 
‘411*1 
413*0 
415*6 
420*8 
422*5 
425*5 



110 


HEPORT— 1901. 
Vanadium— 


Arc Spp«trum 

Spark 

Spectrum 



Rowland and 

Exner and 

nasseioerg 

Harrison 

Haschck 

* 

4457-65t 

4457-632 

4457*65 

* 

56-68 . 

56-668 

66-72 



66-073 

66-07 Ca 
r. 65-52 



54-939 

X 64-96 Ca 




•* 64-32 
63-63 
•63-37 

* 

,62-91 


52-90 

* 

52-19 

62-180 

6223 

* 

61-09t 

61-070 

51-11 

* 

49-77 

49*741 

49*76 

•45-99 

* 

44-40f 

44-380 

44-42 




■•'4 

4» 

43-52 

43-508 

43-60 




4 42*53 

* 

41-8St 

41-847 

' 41-90 




40-65 

•39-16 

* 

38-02t 

38-004 

38-08 




39-60 

87-00 

* 

36-31t 

36-309 

36-34 

35-84 

♦35-63 




35-0 

* 

34*80 


34-74 

♦33-07 

♦ 

30-68 


30-73 

* 

29-95 


29-99 


28-68t 

28-676 

28-71 

♦27-60 

• 

26-1 7t 


26-23 

4i - 

♦' 

' 26*86t 

25-594 Ca 

25-88 

25-60 

24-74t 

24-743 

24-76 

* 

24-10 

24089 

24*11 


23-41 V 
23-22 / 

23-376 

23-40 

* 

22*40t 


22-43 

* 

21-73t 

21 739 

21-83 

♦ 

2^08 


20-19 
r 16-9 

* 

16-63t 

16-626 

16-63 




*♦ 14-74 




♦ 13-87 

* 

12*30 

12-299 

12-38 

11-83 

* 

08-67t 

08-656 ^ 

08-68 


Intensity and 
Character 


Reduction to 
Vacuum 



7 also 14 
Ti 


224271 

432-0 

435*1 

437-9 

440*7 

443-9 

447- 9 

448- 7 
451-1 
464-Pj 
460^^ i 
466-9i 
486-0' I 
494 ^ 9 

498-41 

503-^ 
606-7 J 

613-d 
620-6 
626-2/ 
629-0' 
631-6 I 

636- 2 *1 

637- 4 : 
639-0 I 

641- 7 ; 

642- 9 I 
661-6 
663-6 
667-2 
673.-7 
679-8 
686-4 
588-1 
689-5 
694-9^ 
697-2 

600- 7 

601- 7 
606-8 
609-1 
617-4 
634-0 
636-4 
646-1 
649-6 

• 667-4 
6600 
676-3 


• Lockyer and^fBaxandall, 4467-67, 66-68, 64-34, 63-30, 62-91, 62-19, 

46-04, 44-89, 43-66, 41-90, 89-19, 38 02, 36-88, 86-60, 84-80, 38-09, 80-71., 8002, 28‘72, 
27-49, 26-22, 26-96, 24-77, 24-11, 23-40,22-42,21-77, 20-14, 16-71, 14-W, 12-88, 08-67. 











ON WAVE-LENOTH TABLES OF THE SPECTBA OF THE ELEMENTS. Ill 


"VAXiLmvvL^ontinued, 


Arc Spectnun 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Fre^ency 
in Vacuo 

Hasselberg 

Howland and 
Harrison 

Exner and 
Haschek 

Are 

Spark 

% 

\+ 

1 

* 4408-36t 

4408*4168 

4408 4D 

8 

10 

1*21 

6*3 

22677*8 

¥ 

07-KBt 

07*801 

07*89 

9 

12 

19 


680*5 

¥ 

06*80t 

06*805 

06*90 

9 

12 

ff 


686*8 



*06-277 

06*35 

8 

6 

If* 


688*4 

¥ 

06-20t 


05*19 

6s 

4 

tl 


694*2 




04*46 


2 

11 


698*0 

¥ 

03*86 

03*831 

03*83 

3 

4 

11 


701-2 




01*95 


2 

f» 


710*9 

¥ 

00-74t 

00*738 

00*8<k 

8 

18. 

11 


717*1 




♦43996a 


2 

11 


723*0 




98*70 


2ii 

19 


727-7 



) 

* 98-06 . 


2 

99 


731*0 



4397*392 

97*66 

2 

2 

99 

99 

734*0 




•97-00 


2n 

99 

19 

736*6 

* 439r,-40t 

95*382 

95*49 

9 

20 

99 


f44*6 

* 

94-98t 


94*99 

3 

4 

19 


^ 746*9 

¥ 

9401t 

94*000 

* 94*03 

4 

4 

91 


761*9 

¥ 

93*26 

93*258 

93*30 

4 . 

4 

1*20 


765*8 

¥ 

92*24t 

92234 

92*27 

4 

4 

It 


761*1 

¥ 

91*84 


91*86 

3 

2 

99 


763*2 

¥ 

90*79 


90-81 

2 

2 

99 

99 

768*6 

¥ 

90*13t 

90-142 * 

90*23 

9r 

30 

19 


771*9 




89*27 


2 

99 

99 

776*5 

¥ 

87-40 


87*37 

3 

'4 

99 

99 

786*3 

¥ 

84*87t 

84*875 

84*88 

9 

40r 

$¥ 


799*4 


84*37 

• 

84*36 

2 

2 

99 


802*0 

* 

8407 



2 


99 


803*3 




82-96 


2 

99 

9t 

809*3 




♦ 81*94 


2 

99 

ff 

814*6 



• 81*187 

81*20 9 

2 

2n 

99 

ff 

818*5 

¥ 

80-69 

80*719 

80*72 

4 

4 

99 

ff 

821*1 

¥ 

79-38t 

79*392 

79*40 

9r 

40r 

99 

If 

827-9 

¥ 

78*06 


78*02 

4ii 

2 

99 

ft 

836*0 




♦ 76*9 


2b 

99 

ff 

840*9 

¥ 

76*25 


76*19 

2 

2^ 


ff 

^ 844*6 

¥ 

76*47t 


76*47 

4 

4 

19 

If 

* 848*4 


73-99t 


♦ 7621 


2 

11 


819*7 


73*984 

73*99 

4 

4 

99 

•#1 

856*1 

\ 

73-40t 

73*383 

73*42 

4 

6b^ 

• 

91 

ff 

859*2 


69-25 


70*4& 


2n 

11 

If 

874*6 

♦ 


. 69*2^" 

2 

2 

99 

If 

,881*1 

* 

68-76t 

68*766 

68*73 

3 

4 

19 

ff 

883*6 

* 

68-25t 


68*19 

4 

6 

99 

6*4 

886*2 

* 

* 

67*24 


67*74 

67*07 

2 

2 

4n 

99 

11 

99 

99 

888*7 

891*8 


66*92 

% ■ 

66*89 » 

3 

2 


99 

898*4 


64*37t 

64*377 

64*36 

^ 4 

4b’ 

” 1 
11 

9 

906*4 

* 

65*69 

63*^8t 

^3*690 

63*69 
^ 63*49 

4 

2 

4 

2 

99 

99 

99 

99 

910*0 

911*1 






112 


BEFOBT— 1901 


VANADIUH— 


- - - - 

1 Arc Speot^am 

i 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

■ 

Hasselberg 

■"■r- 

Rowland and 
Harrison 

Exner and 
Hasohek 

Arc 

Spark 

A+ j 

S 

♦ 

4361-67 


4361-55 

.3 * 

4 

1-20 

6-4 

22921*2 

• 

61*18 



61*17 

2 

2 


If 

923*2 

* 

60-76 



60*76 

3 

4 


If 

9S6-4 





60*30 


2 

•> 

ft 

927*8 

• 

57-82 



57*76 

2 

2q 

»9 

99 

941*0 

* 

6760 



57*61 

3 

2 

9. 

If 

9420 




• 

66*97 


2 

1*19 

ff 

946*3 

* 

6610t 

4356*104 


. 56*16 

6 

4b» 

19 

ff 

949*8 

• 

63 09 

55*138 


65*18 

m 

4b» 

>• 


9660 




0 

53*52 


2 

•9 

ff 

963-5 

* 

6302t 

63*040 


63*10 

7 

12. 

9» 

If 

966*0 




0 

62*60 

» 

2 



968-4 




0 

60-99 


2 

ft 

•9 

976-9 




0 

60*85 


2 

•f 


977*6 


4 



50*15 


2 

99 

ff 

981*3 




0 

47 07 


2n 

9f 

99 

997*6 





46*60 


2n 

ft 

19 

23000*1 

0 

43*00 



43*01 

4 

4 

ft 

99 

0191 

* 

42*36 



4237 

3 

2 

If 

ff • 

022*5 

« 

41-16t 

41*162 


41*21 

G 

J4b’' 

9f 

f> 

028*9 




0 

39*30 


2n n 

ft 

ff 

038*8 





38*12 


2 

A** 

ff 

045*1 

* 

36*29 



36*29 

3 

4 


99 

064-8 




0 

35*64 


2 

ft 

9t 

068-2 




0 

3503 


2 

ft 

^99 

061-|L 

* 

34 23 



.34*26 

.3 

4 

If 

ff 

065^ 

41 

.32 98t 

32 985 


33*03 

6 

12 

If 

' ff 

072*4 

* 

32*56 

i 


32*46 

3 

2 

ft 

91 

077*7 





31*73 


2 

ft 

ff 

079*1 

0 

3018t 



30*28 

c 3 

12b^ 

ft 

ff 

084*4 





27*26 


2 

ff 

If 

102*9 





25*40 


2 

ff 

9f 

112*8 





24*80 


2 

If 

ft 

116*2 





-23*68 


2 

If 

tl 

122*0 

0 

226U 



22*52 

2 

2 

99 

ff 

128*3 





22*20 


2 

f9 

ff 

130*0 

0 

20*46 



20*45 

2 

2 

If 

19 

139*3 



•* 

c 

0 

20*13 


2 


ff 

141*1 



18*803 


18*81 


2 

1-18 

ft 

148*1 





16 4 

♦ 


t9 

ff 

16M 

0 

16-02 



15*98 

2 

2 ^ 

IV 

ff 

163*2 




0 

16*00 


2 

If 

91 

168*6 

0 

14*06 



14*07 

3 

4 

If 

ff 

173*6 



’• 


1.3*30 


2q 

ff 

tt 

176*6 





13*03 


2 



179*0 

0 

12*56 

« i- 


12 56 

* 2 

2 

|r 


181*7 


1 


0 

11-86 ‘ 


2n 

fV 


185*5 




0 

11*62 


2 

• If 

■k !t 

186*7 

0 

09*95 

09*949 


1000 

6 

8 

•9 

ft' i 

^ 195*7 


* Lnckrer and Baxandall, 4361-68, 61-24, 60 77, 67-86, 67-64. 66-98, 66'14. 66-14 

63-64, 63-02, 62-68, 60-97, 60-86, 47-02, 43-02, 42-39, 41-19, 89-81, 86-88, 86?69, 36-04 
S4-25, 82 96, 80-18, 22-63, 20-49, 2015, 16-96, 16-02, 14-11, 12-68, 11-88, 11^86, 09-96 
also 4388-32, 83 63, 83 33, 81-43, 77-33, 74-38, 71-98, 66-76, 47-64, 46 - 89 , 81 - 28 ^; 29-90. 










N WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS, 113 


YAVADiun-^oontinued, 


Arc Spectrum 

Spark 

Spectrum 

Exner and 
Huachck 

Intensity and 
Character 

Reduction to 
VacutTsTi 

Oscillation 
Frequency 
in Vacuo 

InsRelberK 

Rowland and 
IlarriHoii 

« 

Arc 

a , 

Spark 

X + 

a“ 

4309-69 


4309-68 

3 

2 

1-18 

i 6-4 

. 22197-2 



♦ 08-60 


2 

ft 

' 6-5 

202*9 

07-33 


07-37 

5 

6 

It 

tt 

209-6 

06-35 


06-39 

6 

4 


* tt 

214-9 



06-07 


2 

„ 

It 

216-5 



♦ 0661 


4 

tt' 

; tt 

219-0 



04-98 


2 

tt 

It 

222-4 



04-3 


2n 

tt 

<• 

226-1 

03-70 

4303-697 


4 


tt 

1 ” 

229-3 



02-69 Ca? 


4 

tt 

.. 

234-8 



♦ 02-31 


2 

ft 

.. 

236-8 



01-33 


4b» 

ft 

tt 

242-1 



00-73 


2 

tf 

tt 

245-4 



00-25 


2ii 

It 

tt 

247-9 


♦ 4299-240 

429913 

2 

2 

ft 

tt 

253-7 



♦ 98-80 


2 

ff 

tt 

255-8 

4298-17t 


98-23 

5 

8 

tt 

.. 

259-0 

97-86 

97-840 

97-87 

6 

8 • 

tt 

„ 

260-9 



* 97-26 


2 

tt 

ff 

264-1 

96-28 

96-266 

96*31 

5 

10 

tt 

ff 

269-4 

• 91-97 

91-978 

92-01 

6 

lOb^ 

It 

tf 

292-8 

* 91-46 


91-40 

4 

4 

tf 

It 

295-6 


- 

91-13 

i 

2n 

ft 

tt 

297-3 



90-45 


2n 

tt 

ff 

301-1 



89-87 Cr? 

i 

2 

,t. 

tf 

304-2 



80-51 

• 

2 

tt ! 

' ff 

306-2 



* 88-96 


2 ! 

»» 

ft 

300-2 

* 87-97 i 

1 

87-98 

4 

4L>» i 

1 


314-5 

• 86-57 


86-57 


4 . * 

, 

ff 

It 

322-2 



86-24 •< 


2n 

! ft 

It 

323-9 



85-60 1 


2 

tt i 

It 

327-4 

* 84-19 

84-208 

84-26 1 

6 

12 

! ' 


335-U 

* 83-06 


83-10 

4 

6 


tt 1 

341-2 

* 79-12 


79-10 

3 

iQ 

1-17 

i It 

362-9 

* 77-12t 

77-101 

77-14 

6 

12 

ft 

ft 

373-7 



♦ 76-47 


2 

It 

»» 

377-3 



74-96Cr? 

j 

2 

ft 

ft j 

885*5 



♦ 73-54 - 


2 

.. 1 

*t« ; 

393-3 



♦ 72-90 

1 

2n 

1 

1 tt ’ i 

396-8 

* 71-71 

71-706 

71-68 

6 

4 

fl ' 

tf 

403-4 

* 70-49 


70-5 

4 1 

4b» 

ff ■ 

ft 

410-0 

* 69 -921 


69-91 

4 

4 

19 ! 

It 

4132 

* 68-78t 

68-787 

68-83 

6 

14 

If 

>f 

419-3 



68-CO 


2 

19 

tf ' 

423-7 

* 67-60t 


67-s55 

3 

4n 


ft 

426-3 

* 60-28 

^ 1 

65-31 

4b 

4 


It 

438-5 



r»4-65 

' 

2q 


tf 

4421 

* 

• 

64-OC 

1 

2 

ff 

•f 

445-7 

62-32 1 

* «•! ... 

62-311 

62-.33 

4 i 

6b^ 

» 1 

tt 

4.54-9 

61-37t 1 

i 

61-4 i 

4 i 

2n ; 

,t ‘ 


460-0 


dl 

7 


Baxandall, 430975, 08'61, 07-32, 06*40, 05-64, 03 70, 02-32. 4299 27, 
(77 10 96-30. 91-96, 91-45, 89-00, 87-93, 86 57, 8419, 83-08, 79-12, 

43lfrfti 72-93, 71-75, 7051, 69-89 68-78, 67 43 66-25, 6230, and also 

-?*' 0«-76, 4278-53, 66 07, 61 82, 


1901, 
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VATStAxavis—eoniinued, 


Arc Sped'trum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 

Ilasselberg 

Rowland and 
Harrison 

Ezner and 
Haschck 

Aro 

Spark 

X + 

c 

1_ 

X 



4260-90 


2 

1*17 

6-5 

22462-7 



* 60-47 


rn 

tt 

II 

465-1 



♦ 60-31 


2d 

f* 


4660 

4269-46+ 

4259-454 

. 69-46 

4s 

4 

ff 

II 

470-7 

67*63t 

67617 

67-84 

4b 

4 

•t 

II 

481-9 


57 17 


2 

II 

•1 

483-3 

65-60 


55-63 

3 

2 

II 


491-8 



64-61 Cr7 


4b’ 

II 

If 

4980 

63-02 


63-00 

3 

2 

•1 


506-3 

61-45 


61-45 


2 


6-6 

514-8 



49-49 


2 

II 

II 

625-6 



4896 


2 

II 

ft 

528-6 

47-46 


47-5 

2 

2b 

II 

II 

6367 



* 46*83 


2 

•• 

II 

640-4 



43-98 


2 

1-16 


556-2 



43-02 


4 

II 


661-5 

41-48 


41-46 

4 

4 

II 


670-3 

40-S3t 


40-51 

4 

2 


II 

575-6 

40-26t 


40-23 

4 

2 


II 

677-0 

39-12 



3 


II 


683-2 



36-99 


2 


695-1 ; 



♦ 36-78 


2 

1. 


696-2 1 

36-90t 

36 909 1 


5 


.. 


60M 1 

1 

3547 


4 



603-6 

34-70t 

34-671 

34-71 

5 

4 

II 


607-9 


31-3 


2d 

II 


610-1 

34-12 

34-149 

34-17 

6 ! 

4 

•1 ! 

ft 

610-9 : 

33-09t 

33-007 

33-12 

6 i 

4 

II 


616-9 ' 

82-62t 

82-604 

32*66 


6 

If 

tv 

619-4 ! 



32-20 

1 

6 

^ 1 

*» 1 

tt 

621-8 i 



31-30 


2 

! 

II 1 

tt 

626-8 i 

29-87 


29-82 

4 

6 

I 

II 

tf 

635-1 , 

27-90t 


27-90 

4 

4 

II 

tv 

645-8 1 

26-871 

26-85 Ca? 

8 

10 

II 


661-7 1 

26-78 

• 


4 


II 

ft 

662-1 ! 

26-40t 

26*869 

25-40 

2 

Sn 

11 

tt 

669-9 ! 


24*70 


2 

•« 

If 

663-7 1 

24-30 . 

. 

24*32 

4 

4 

II 

tt 

666-9 1 



22*77 


2 

II 

ft 

676-6 ' 

22-49 


22*50 

2 

2 

II 

ff 

676-1 

21-17 


21*20 

2n 

2n 

ti 

tt 

683-3 



20-21 


4 

ft 

ft 

686-9 

19-65 


19-70 

3 

2 

fl 

tt 

691-9 

18-86t 


18*87 

4s 

4 

•1 

tv 

696-8 


18*65 

j 

2 

|. 

tt 

697-7 



18-20 


2 



700-2 

* 16-52 


1663 

2 

I 2 1 



. 709-7 



15*77 Sr7 


2 



713-9 



14*12 


2n 



723-1 



13-8 


2ii 



724-9 

i 


13*17 


2a 

•• 


728-6 1 


* Lockyw and Baxandall, 4260-46. 60-28. 69-47. 67-60; 66-69. 63 00, 61-42, 47-^> 
46-91. 41-62, 40-64, 40-29. 89-16. 36-78, 86-M, 84-71, 34-18, 88-09, 8?-68, 29-92, 27-97. 
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Y Amxmv^^continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 

FreQuency 

Hsfisolberg 

Rowland and 

Harrison 

• 

Exner and 
Haschek 

Arc 

1 

1 

J Spark 

i 

- ^ 

in Vacuo 

4211-02 


4211*02 

2 

j 2n 

1*16 66 

23740*6 

10-65 



2 


>f If 

7433 

* 09-98t 

4210002 

10*02 

5 

; 12 

»• ft 

746*4 

• 05-23t 

05*201 

06*30 

2 

! 16 

i i« : ft 

773*4 

• 04-67 




1 

ti II 

776*5 



* 01*39 

2 

; 4 

II ' ft 

778*1 

* 02-62 

02-60G 

02*52 

2 

: 8 

.. 1 ., 

788*7 



♦ 01*08 


2 

i> II 

796*8 

* 00-35 


00 38 

1 4 

! 2 

If If 

800*9 



00 00 


i 2n 

,1 6*7 

802*8 

* 4198-7St 


4198*80 

4s 

1 4 

If If 

809*6 

* 97-77t 


97*79 

4s 

4 

11 ; II 

815*4 

• 97-46t 


97*47 

1 2 

2 

II 1 II 

817*3 



♦ 95*8 


2ii 

II j If 

826*7 

* 94-17 


94*21 

2 

2 

II 1 II 

835*7 

♦ 91-70 


91*80 

5 

i 6b" 

II 1 II 

849*4 



91*11 


! 4 

' .1 ! II 

853*3 



9059 


4 

, 11 i If 

856*3 

* 89-99 

4190*011 

90*03 

i 6 

: 6 

II II 

859*6 

• 87-82 



2 


•1 II 

872*1 

♦ 86-93 


86*93 

2 

2 


877*1 

* 83-59t 


83 67 

2 

i 16 

j II ' II 

896*0 

♦ 83-43 

83*07 


2 

i 

II ' II 

1 898*1 

* 82-71 

82*733 

1 82*77 

' 5 

4 

1 II ; II 

901*0 

• 82-23 

1 

82*26 

3 

4 

>1 II 

902*9 

• 80-99t 


i 81*03 

2 

! 2n 

: •» i i» 

' 909*9 

* 79-53 

! 

j 79*60 

' 5 

6 

! i 

1 II ; II 

i 919*2 



1 7922 


2 

! fi j II 

* 921*2 



i ♦ 78*55 

i 



• 9250 



i * 77 75 • 

1 

I 2 

II j II 1 

1 928*6 

* 77-2St 


i 77*22 

4 

! 4 

1 II 1 II , 

' 9325 

• 77-02 ; 

; i 


! 2 

i 

i H i If 

933*8 

* 76-83 j 

, 


! 2 

i 

I S* 1 II 

934*9 



76*00 


2n 

1 ; i> 

939*7 

* 75-30t 


75*30 

2 

2 

1 ! 

>■ 11 

943*7 



75*15 


2 

1 

1 II II 

944*5 

• 74-18t 

74*165 

74*19 

4 

4 

1 

II II 

949*1 

• 71-45 


71*46 

4 

4 

ri *A 

965*8 

* 69-40t 


♦ 69*41 

3 

4 

II II 

967*5 



♦ 69*06 


2 

f> II 

979*6 



67*1 


2b 

114 

990*8 



66*82 


2 

11 11 

995*3 



64*60 


! 4 

II fi 

24005*2 

! 

j 


63*82 


1 2a i 

II 1 It 

009*7 

1 

a. 1 


6252 

2 

! 2 : 

1 

II II 

017*2 

* 62-81 

% 

62*2 i 


2n ; 

II . II 1 

019*0 : 

• 60-67 


60*67 i 

2 

! 2 ! 


028*6 ! 

* 59-84t ! 

i «9-822 

6987 i 

5 

1 6 : 

• J ! 1 ft 1 

0*32*7 1 

68-14 i 

i 

1 


i i 

M 1 » X 1 

042*5 i 


and BamndaU. 421000, 0528, 04-67, 04-34, 02-60, 0108, 00-30, 
,0 *1 »7‘«, 96-73, 94-13. 91-69, 89-95, '87-74, 86-91, 83-60, 83-45, 82-74, 

Sq-ftB 78-63, 77-67, 77-19, 77-00. 76 86. 76-24, 74-13, 7142, 69 37, 

)9-76! 4260-00, 39-80, 23 15, 06-73, 4199-97, 

I 2 
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Vanadium continued. 


Arc Specjtriim j 

Spark 

Spoctrum 

Hrtsselberg 

Rowland and 

Exner and 

Harrison 

Hasrliok 

*415000 
* 55*30 


4156*00 . 

- 53 10 


53-40 

♦ 51?-81 

•j 

52-SO 
' 52*3 

* 51*52 


5150 

* 50-S4 


60-S3 

* 40*02 


40*(K) 

♦ 47-85 

♦ 4302 


43-07 

♦ 42*75t 


42*77 

• 41*00 


42*00 



* 41*51 



40-22 

♦ 39*39 


39*40 



♦ 38*27 

♦ 37*14 

* 36*52 


36-53 

* 3625 


36*21 
* 35*40 

* 34*61 1 1 

4134-617 

34*62 

• 33*02 


33-91 

* 3213t 

32*123 

32*15 

* 31*32 

31*297 

31*32 i 
♦ 30*3 

* 29*00 


28*99 

♦ 2S*25t 

28-152 ? ’ 

28-25 

26*07 

* 21*23 

24-106 

21*26 i 

* 23*65t 

1 1 

23-70 

♦ 23*30 ! 

* 2113 


21-15 

* 20-69 

20*665 

20*69 

♦ 19*58t 

19*575 

19*60 



* 19*25 

* 18*73 

* 18*34 

18*320 

18*38 

16*85t 
♦ 16*64t 

16*631 

1 16*70 

J 

* 15*32t 

15*311 

15*38 

* 34*69 


14-68 

♦ 13-65 

13-637 

13*66 

♦ 12*47t 

! 

12*50 

ll*92t 

’ 11*916 

* f 12*10 

1 11*8 


1 

: ♦ 10*93 

0994+ 

' 09906 

09*98 



♦ 09*10 i 


Inttmsity and 

Reduction to 


Charactor 

Vticuum 

Oscillatioii 





FrtMjuuiicy 

— 







1 

in Vacuo 

Arc 

Spark j A + 

a” 


3 

Of9 

1*14 

6-7 

24054*0 : 

2 




058*4 1 

3 

o 


ft 

0fi!l-4 : 

4 

4 



07;i-4 ! 


2ii 

M 

ft 

OTii-:} ! 

2 

2 

1) 


070*9 

■1 

4 


6*8 

081-8 

3 

4 


II 

095*3 


2 b' 

»» 

It 

102*1 

2 

(> 


tt 

130-0 

3 

2 

♦ » 

It 

131*7 

3 

0 

It 

t> 

136*2 


2n 

fl 

It 

i:i9o 


2n 

»« 

It 

146*5 

4 

6 

») 

II 

151*3 


4 

»♦ 

♦1 

ir>7-!» 


21)«’ 

,, 

It 

161*5 

4 

4 


n 

168*1 

4 

4 

>» 

M 

169*8 


2 

»» 


171*7 

7 

14 


II 

' 170*2 

4 

4 

** 

II 

1 183-3 

7 

16 

ff 

M 

l‘K{*8 

»> 

2 

V 

II 

198-6 


2b 

1*13 

It 

201*5 

4 ! 

6 

M 

•1 

212*2 

7 

16 

n 

II 

216-5 


*> 

II 

It 

229*3 

4 j 

4 

! >» 


2U)*1 

0 

i 

i *' i 

[ 1 

243*4 


4 ! 

! 1 

1 »» 

It 

i 245*6 

2 

2 

: n i 

It 

258*3 

4 

6 

‘ 1 

II 


261*0 

4 

I 6 

11 ! 

tt 

267*5 


2 

II 

It 

269*5 . 

4 


ti 

It 

272*5 i 

5 1 

10 

ti 

It 

274-8 ; 

3 




283*6 i 

6 


11 

ft 

284*9 i 

7 i 

16 

tt 

tt 

292*5 

3 

4 

ft 


296*4 j 

! 

8 

ft 


302*5 ; 

3 1 

G 

ft 

1 ** 

1 tt 

• 309*4 ' 


fSn 

tt 1 

1 ’♦ 

311*7 1 


1 8n 


! 

1 

312*7 1 


2 i 

1 .. 


318*6 1 


7 U 

2 
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Van A DiUM — continued. 



Arc Spectrum 


Spark 

InOmsity and 

Keduelio^ to 



Spectrum 

i Character 

Vacuum 

OKcillation 











Frequency 










llassclbortJ 

Itowlancl and | li^xner and 
JiaiB-isnn ; Hascliek 

Arc 

' Spark 

A + 

1 

in Vacuo 

.. . 

* 

4io«-3r» 


4108-38 

4 

0 

1-13 

6-8 

24333-8 

* 

07 <>4 1 

4107-500 


07-64 


2 

M 

ft 

338-1 

* 

05-32t 



05 38 

6 

8b» 



351-6 

4> 

04‘.)2t 



04-02 

4 

i; 


ft 

354-2 

* 

04-55 

04 516 


04-50 

4 

6 



356-4 




* 

03-57 


2 



362-2 

♦ 

02-31t 

02-285 


02-31 

6 

10 

IV 


360-0 





01-15 


4 


fV 

376-6 

4> 

40t»‘.)03t 

1000 021 


00-00 

7 

16 


GO 

383-7 




*1000-03 


2 



380-1 

* 

{)yrA-f 

08 510 


08-55 

4 

4 

1 It 

! »» 

302-1 

if 

07-oot 



07-08 

3 

2 

*• 

tl 

' 400-7 

if 

Ou-lHt 

05-607 


05-66 

6 

12 



409-4 

* 

'.)4-4‘J 



04-41 

4 

4 



416-6 

* 

‘J3-G5 



03-66 

4 

4 

1-12 


421-1 

* 

y2-83t 



02-86 

6 

8n 



426-0 

* 

02 5 I t 

02-532 


02-53 

4 

4 


*» 

: 427-9 

* 

1)200 



92-10 

3 

4 



430-4 

* 

90-70t 

00-703 


00-70 

6 

16 


i 

438-G 





85-81 


; 4 



! 468-0 




* 

8100 


2 

»» 


473-5 




♦ 

83-07 


6 



484-3 





80-6 


26 

>1 


1 487-3 



77-840 Sr, 

77-86 


2 



! 6158 

* 

7230 



72-32 

4 

2 

>» 


540*2 


71-67t 

71-664 


71-65 

5 

4 


»» 

j 553-1 




♦ 

70-02 


•7 


tf 

! 557*6 




♦ 

68-13 


: 4 ! 

ft { 

1 »» 1 

[ 574-4 

♦ 

6700 



6787 . 

3 

4 1 

»» 

' 1 

ft 

576-9 





67-13 • 

1 

2 ' 

M 1 

\ 

580-4 




4> 

65-21 


: i 

i 

>» j 

II 

602-0 


64-00 

64-061 


64-12 

5 

6 ■ 

»y 

II 

608-9 




* 

62-8G 

I 

2 

If 

II 

606-3 




4* 

61-75 

i 

2 

ft 

If 

613-0 

♦ 

60-07 



61-00 

2 

2 

ft 

If 

617-7 





68-95 


2 

ft 

If 

630-0 

* 

57-21 

67-206 


67-22 

G 

8 

ft 

• II 

640-5 





56-41 


4 

ft 

II • 

645-4 




4> 

63-76 


8 

1-11 

II 

661-6 





53-40 


2 

ft 

If 

663-7 

* 

62-60 



52-60 

2 

2 

ft 


668-6 

* 

6l-4St 

61-485 


51-52 

5 

10 

ft 

II 

676-4 

* 

51-11 



51-13 

; ® ' 

10 

11 

If 

677-6 

* 

48-77 



40-20 


i 4 


II 

689-3 


% 


48-78 

1 4 

1 4 

It 

If 

692-9 

* 

4705 



47-60 


i 2 

ft 

If 

699-1 ’ 




47-08 

2 

2 

It 

II 

702-4 

* 

42-78 



46-50 


G 

It 

If 

; 706-8 


42-769 


42-81 

4 

4 



1 729-6 


41-72 




i 4 


i 11 

1 

i . 735-0 


98 <>n Baxandall, 4108 32, OT CiO, 06-33, 04-93, 04-62, 03-64, 02-26, 4099-94, 

Tl-fiV 7Aa, 93-61, 92-81, 92-55, 92-08, 90-74, 84-92, 83-07, 72-28, 

61-62 Ki ia il®?- ’ 04 11. 62-92, 6176, 6100, 67-21, 63-81, 63-41, 62-60, 

61 10, 48-77, 46-99, 42-80, 41-66. 
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YAVA'DlViS’-^continued, 


1 


Spark 

Intensity and 

Reduction to 


1 

Arc Specl'rum 

Si)ectrura 

Character 

Vacuum 

Oscillation 

! 








Frequency 








j HaDsclbert< 

1 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

\ + 

A 

in Vacuo 

; ♦ 

4040*46 


4040*50 

2 

2 

1*11 

6*9 

24742-7 

i 



♦ 39*76 


4. 

t» 

70 

7469 




38*72 


2 

II 

II 

763*3 

* 

3603t 

‘ 

36*95 

2 

8 

II 

II 

764*2 

* 

35-77f 


35*82 

4 

16 

II 

II 

7703 




34 91 


2 

II 

If 

776*7 


3301 


33*04 

2 

2 


1* 

788*2 

* 

32*62 <• 


32-67 

3 

2 

II 

•1 

790-6 

♦ 

31*08 

4031*961 

32*05 

4 , 

6 


II 

7946 

♦ 

31-37t 


3143 

3 1 

4 

„ 

II 

798*3 



30*32 


2 

II 

If 

804*9 

4> 

3004t 


30*07 

3 

2 

II 

II 

806*5 i 




29*2 


2n 

•1 

It 

811-8 1 




28*27 


2 

II 


817*5 




27*62 


2n 

!♦ 

.. 

822*2 




26*66 


2 

11 

II 

8275 

* 

25*46 


25*50 

2 

2 

II 

II 

834*8 



: ♦ 24*60 1 


2 

II 

II 

840*2 

• 

23*50t 

2351 

23*63 

4 

20 

II 

II 

846 9 



* 22-038 

22*05 

2 

2 

11 

II 

856*0 



! 21-61 


2 

II 

II 

858*7 



! • 20-70 


2 

II 


864*3 




* 19*6 


2b 

II 

II 

871*1 ' 




* 19*20 


6 

II 

II 

873*6 j 




17*44 

j 

6 

II 

II 

884*5 




• 16-98 


« i 

1 ** 

II 

887*3 




16*81 


2 i 

1*10 

II 

894*6 




15*61 


2 

II 

It 

896*4 

* 

1520 


16*23 

2 

2 

II 

II 

898*2 




14*46 

< 

2 

11 

II 

903*0 




* 13*68 


2n 

II 

II 

907*8 




13*55 


2n 

II 

II 

908*6 




12*70 


2n 

II 

II 

9139 




11*74 


2n 

II 

II 

919*8 

* 

11*45 


11*47 

2 

2 

II 

It 

921*5 


09 94 


09*95 

2 

2n 

II 

II 

931*0 




08 36 


6 

II 

II 

940*9 

* 

05*86t 

05 838 

06-90 

4 

16 

II 

It 

956*4 


03*70 


03*66 

3 

2 

II 

7*1 

969*9 

* 

OSlOf 


03*12 

3 

10 

II 

II 

973*5 



01*83 


2 

II 

II 

981*6 




01*29 


2 

II 

II 

984*8 

* 

00*24 


00*26 

2 

2 

II 

II 

991*4 




3999*40 


6 

II 

II 

996*7 

* 

3998*87 

3998*847 

98*90 

6 

8 

i\V 

fi 

26000*0 

• 

97*30t 


97*28 

3 

10 

11 

ti 

009*8 

♦ 

9295t 

92*916 

92*96 

6 

12 

II 

II 

.037*1 




92*14 


2 

II 

« 

It 

042*1 

1 



91*65 


2 

II 

II 

045*2 

i 



♦ 91*30 


2n 

ta i 

0474 


• Lockyer and Baxandall, 4040-4.3, 4039-76, 36-93, 36-77, 33 00, 32-64, 31-99, 31-3fc 

30-05. 26-47, 24-63, 23-48. 22-07. 20 73, 19-68, 19 18, 16-86, 16 26, 13-69, 11-60, 09-99. 
08-33, 06-90, 03-70, 03-12, 03 24, 3998-91, 97-31, 92-96, 91-22, and also 4106-08, Ol m 
10-99, 4090 06, 88 00, 83 44, 78-10. 
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Vanadium — continued. 


Arc Spcotnim 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuunv 

Oscillation 
Freouency 
in Vacuo 

Iberg 

Rowland and 
Harrison 

• 

Exner and 
Haschek 

Arc 

Spark 

A + 

1 

a" 

\-7lf 

3990*693 

3990*72 

6 

12 

1*10 

7*1 

26061-1 



♦ 89*93 


6 



056*0 

97 


88*96 

4 

6 



062*1 



♦ 88-22 


2 

(t • 


066-7 



87*82 


2 



069*2 



85-40 


8 



084*5 

•76t 


84*73 

4 

6 



087*6 


• 81*46 


6 



090*5 



84*08 


2 


It 

092*8 



♦ 81*92 


2 



106*4 

66 


80-69 

4 

6b' 



114*3 

•59 

79*640 

79-66 

4 

6 



121*3 

•30 


79*23 

4 

G 



123*0 



* 77-88 


10 



131*9 



* 75*47 


2 

1*09 


147*2 

79 


73 80 

4 

16 


$t 

167*7 

49t 


— 

2 




159*7 

10 


72*08 

2 

2n 



168*5 



70*27 

4 

2 



180*1 


68-588 Ca 

68-60 Ca? 

2 

2 



190*8 

24 


68*19 

4 

8 


ft 

193*1 



♦64*65 

4 

2n 



215*8 

77t 


63*77 


6 



221*4 

61 652AI 

61*66 Al ? 

10 

4 


7*2 

234*8 



60*49 


2n 

tt 

It 

242*4 



68*33 



tt 

11 

266*0 

09t 

62-073 

62*11 

4s 

1 18 

ft 

t* 

296*8 

37 


60*37 

4 

1 ^ 

ft 

** 

306*9 



♦48*74 


1 4 

i ff 

IB 

317*3 



47*93 ^ 


2 

»» 

fl 

322*5 



♦46*04 


2 

>» 

t» 

334*7 



44*68 


2 

II 

343*4 


44-133 A1 

44*20 Al? 

6 

2 

tf 

•f 

346*7 

77 


43*79 

6 


tt 

II 

349*2 

16 


42*16 

4 

4 

ft 

>1 

369*6 

iOt 

, 

41*43 

3 

4 

tt 

II 

364*4 

75 


40*74 

2 

2 

It 

It 

368*7 

48 


39*48 

4 

4 

It 

1| 

376*9 

35 


♦39*00 


2 

A 

It * 

380*0 


38*34 

4 

4 


If 

384*2 

68 


37*69 

4 

4 


If 

388*4 



36*61 


2n 

1*08 

II 

395*4 

42 


36*43 

4 

4 

99 

II 

396*6 

28 


35*30 

5 

6 

99 

II 

403*9 

16 

33-'<V5 Ca 

34*20 

7 

6 

99 

• I 

411*1 

60 

33*81 Ca? 

6 

6 

99 

II 

413*6 


31*49 

4 

8 

99 

II 

428*4 

19 

• 

1 30*21 

2 

4 

99 

II 

436*8 



♦29*89 


6 

99 

II 

438*8 



1 28*73 


1 2 

99 

II 

446*3 1 
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Vanadium — cantZ/i ued. 




! 


Spark I 

Intensity and 

Hethioiioii to 


1 Arc t^po corum 

Spectrum j 

Character 

Vacuum 

Oscillation 

• 





• ■ - 


Ereipiency 

Hiisj?«‘lbei*|X 

Rowltind and 
Harrison 

Exner and | 
Hascliek j 

Arc 

1 

Spark 

Ah 

r 

1_ 

A 

in \ acuu 



*3926*08 


4n 

1-OS 

7-2 

25459*6 



26*45 


4 

If 

If 

461-1 

*3i)25-3t5 

3925*350 

2540 

4 

6 

If 

II 

468*2 

♦ 24-81 

24-V68 

24*86 

5 

K 

„ 

II 

470*7 

* 22 *r)St 

22*548 ! 

22 61 

6 

8 i 

II 

II 

486*2 

♦ 2-J-05 

22*023 

22-08 1 

4 

(> 

>» 

If 

489*7 

♦ 20-65 


20*68 

3 

4 

11 

It 

4‘J8-7 

* 2015 


20*16 

2 

*» 

»» 

♦1 

502*0 


10*600 


2 


«• 

II 

C(»r>-G 

* 10-35 1 


16*59 

3 

14 

II 

91 

525*3 



*15*55 


2 

II 

tt 

532-0 



*15*28 


2 

II 

Vf 

533-8 


*14*437 

14*51 

o 

14 

II 

*9 

539-0 



*13*67 


2n 

„ 

If 

644*3 

* 1303 


13*07 

4 

4 

II 

„ 

54s*3 

* 12-36 


12*37 

5s 

6 

II 

fi 

552*8 

♦ 10-95 


10*95 

4s 

4 

II 

11 

562*0 

♦ lOOlt 

09-995 

1005 

6 

6 

ti 

If 

568-0 



09*85 


4 

II 


569-2 



*08*5 


21)’^ 

If 

7 3 

578 



*07*35 


2n 


II 

585*5 

* 06-.s9t 


06*93 

4s 

4 

If 

II 

; 588*4 

* 04-03 


04 65 

2 

4 

»i 

11 

603*3 



04*27 


2 

II 

II 

605*7 

♦ 03-42t 


03*50 

3 

8n 

II 

II 

, 611*0 

02-71 


02*70 

2 

4n 

»i 

II 

i 616*0 

* 02*40t 

02 371 

02*41 

7 

6ii 

II 

II 

1 6180 



* 01*86 


2 

II 

ti 

. 621*5 

* 01-30 


01*30 

5n 

4n 

fi 

II 

625*2 



00 72 

^ 5n 

2 

II 

II 

629*0 

* 00-33 


0032 

♦» 

4 ! 

I* 

II 

631 -6 

*3899 3nt 


3899*32 

2 

8 ! 

II 

II 

6:?8*6 

* 98- lot 

3898082 

98*2 

6 

6b I 

ti 

11 

645*9 

* 9722 


97-22 

4 

4 * 

II 

•I 

652*0 



*96*80 


2 

i-or , 

i ** 

654*8 

* 9629 

96-259 

96*32 

4 s 

6 

.. 1 

! „ 

1 658*1 

* 94-1 9t 


94*18 

4s 

4n 

II 

91 j 

1 672*0 

* 93*03 


!»303 

(is 

6 

II 

9} 1 

679*6 


* 92*471 

92*63 


2n 

II 

» 1 

1 682-8 

♦ 91*27 


91*4 

4b ■ 

4b 

II 

II 

1 690*8 

* 90*33t 

90*298 

90-35 

6s 

6 

II 

'I 1 

1 697*4 



*89-37 


2 

II 

II 

1 703*8 

♦ 88*50 


— 

4n 


II 

II 

1 709-6 

* 88*23 


88*20 

2 

2 

11 

II 

711*4 

86*72 

86*691 

86*73 

4s 

4 

ir 

ti 

721-4 

85*91t 


85*95 : 

2 

^ 1 

" ! 

fi 

726*6 



85-83 


2 

•I 

,727*2 

85*00 1 i 

1 

85*03 

2 ! 


** 1 

I 

II 

732-6 

84*60 i 


84*60 

3 i 

2 1 

1 

f, 1 

If 

738-4 1 


* Ix)ckyer and Baxandall. ,rJ26 a6, 24-85, 22*57, 22-11, 20-67, 20-10, 16*57, in rw, 
15 -.iO, 14*40, 13-71, ia 04, 12-35, 10*02, 09*96,08*46, 07*33, 06-92, 04-51, 03*32, 02*46, 
01*81, 01 28, 00*20, 3899*28, 9817, 97*20, 96*83, 96*29, 94*16, 92*95, 92*63, 91-26, 90*30, 
89-36, 88*47, 88*20, and alao 3946-36, 28*07, 26-86, 26*64, 14 08, 11-90, 10-67, 09-68, 
03-86, 3898*44, 96*86, 93*88, 91*88, 89-91, 87*69. 



ON WAVE-LENGTH TABLES OP THE SPECTRA OF THE ELEMENTS. 121 
Vanadicm— 


Arc Spectrum 


Spark 

Spectrum 


IntenHity and 
Oiaractcr 


Rowland and : 

Kxiier and 

Arc 

I Spark 

1 i 

Harrison ; 

ilaschek 

1 

1 

3884*05 

3 

i 2 • 

1 : 

83*53 


! ^ 

1 

83*37 


! 2 1 

! 

1 

81*78 


: 2 1 

1 

81*20 


' 2 1 

1 

80*47 


2 

1 

79*79 

3 

O i 

! 

78-85 


\h ' 


76*90 


2n 


76*25 

o 

4 ‘ 


76*03 

4 

4 


75*78 


2 




O ' 

3875*195 

75*21 

6 

^ 6 ’ 


74 50 


2 


7S71> 

o 

4 


73*38 


2 * 


72*90 


2 


71*2! 

4 

6 


70 73 

2 

4 


70*14 


2 


68*20 


2n 


67*76 

5 

i 6 


67*49 

2 

! 2 1 


66*90 


I 6 1 


66*52 


' 2 1 

i 

65*9 

1 

i 4b 1 

64*180 

65*02 

« 

■ j 

! ; 

64*00 _ 

• 4s 

! 8 ! 

j 

62*35 

i 4s 

i ! 

1 ■ 

60*88 


' 2n 


59*49 

i 

i 4 

1 

1 : 

58*81 

j 3 

: 4 

' t 

j j 

58*0 

i 

j 2n 

1 

1 55 965 ; 

57*31 

i 

i 2n 

5600 

1 ^ 

! 6n I 

! 56*486 

55*49 

6 



f>3*(K) 


■ 2 1 


52*21 

: 2 

■ ! 


51*30 

3 

4 


50*57 ! 

1 

2 ' 

' 

50-30 


i 2n 

40*433 

49*44 i 

4 

; 6 

47*463 

47*50 : 

5s 

i 10 

i % 

46*(»3 1 

2 

1 2 

44*565 

44*60 

5s 

i 8 

% 

43*65 


i 4 


42*88 


4 




4 

1 4 

40'8C6 

40*92 

6 

i 8 


40*56 

5 

1 6 


40*26 1 

4 

: 4 


39*53 i 

4 

6 


39*13 1 

4 

1 ® 

37*90 1 


, 2n 


I Oscillation ‘ 
j Frequency j 
i in Vacuo 


25739 0 , 
742*6 j 
743*5 I 
754*1 i 
757*9 I 
762*8 : 
767*2 
773*5 
786*5 ‘ 
791*0 ! 
792*2 ' 
794*0 ■ 
795*7 ■ 
797*8 
802*5 
807*2 
809*5 ; 
813*1 
824*3 
827*7 
831*5 : 
844*5 : 
847*4 
849*2 f 
853*2 ' 
855*7 j 
860 
865*8 
872*6 
883*6 
893*5 i 
902*8 i 
907*4 I 
913 i 
917*5 ! 
926*4 ! 
929*7 
942*5 
951*6 
957*9 
962*9 
964*7 
970*4 
983*8 
26000*3 
003*3 
009*6 
014*9 
020*6 
• 028*3 
030*6 
032*5 
037*6 
040 3 ! 
048*2 
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VAyADivu^antinued, 


i Arc Spectrum 

1 

Spark 

Spectrum 

FiXncr and 
Hascliek 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Arc 

Spark 

X + 

1 

A 



3836-58 


2n 

n 

7-3 

26057-6 

3836-20 


36-19 

4 

4 


If 

060*2 

35-70 


35-69 

4 

4 

»« 

II 

063-6 



34 97 

1 

2 

I* 

It 

068-6 

33 36t 


33-38 

i 2 

2 

•t 

It 

079-4 

32-97 


33 00 

! ^ 

2 

II 

II 

081-9 



32-60 


2 

II 

II 

085-3 



31*98 

i 

2 

11 

II 

088-9 



31-19 

1 

2 

i 

1 *1 

II 

094-2 



30*42 


2n 


II 

099*6 



29 77 


4n 

II 

II 

103-9 



28-9 


Gn 

•1 

•1 

110 

28-67t 


28-72 

7 

6n 

** 

II 

111-3 



27-13 


6 

II 

II 

121-9 



26*95 


2a 

II 

II 

1232 



26-47 


2 

II 


1333 



25-17 


2 

II 

It 

135-3 

24-12 


24 14 

4 

4 

II 

II 

142-4 



23 90 


2 

It 

II 

144-0 



235 


4b 

II 

II 

147 

23-33 t 


2337 

4 

4 

II 

II 

147-7 

23-00 1 

23 008 


4 

4 

II 

II 

1499 


22-86 


2 

II 

II 

151-1 

2214f 


22-21 

5 

6b* 

II 

II 

155-8 

21-63t 


21-66 

4 

4 

II 

II 

169-6 

20-689 

— 

1 


II 

•1 

166*7 ! 

20 41 



2 


II 

11 

167 9 , 

20-10 



4 

4 

II 

II 

170-0 ! 



1894 i 


2 

II 

11 

1780 



18-48 

'• 

4 

II 

•1 

181-1 

18-37t 


18-39 

6 

4 

II 

If 

181-8 

18-12 



3 j 

4 i 

.. 

7-4 

183-6 

17-98t 


17-9!) i 

4 

4 ! 

I* 

II 

184-4 

15-63 


16-65 1 

4 

10 ! 

1-05 

II 

200 8 

13-63 

13-612 

13 63 1 

6 

8 

•1 

If 

214-4 





6 

91 

■1 

240-7 

08-64t 



6s 

6 

II 

II 

248-5 


— 

8 


H 

II 

252-1 

07-64 


07-69 

4 

6 

II 

19 

267-6 



— 

4 


II 

II 

267-1 

06*93 


07-00 

4 

4 

II 

II 

253-3 



06-65 


2 

II 

It 

262-4 





2 

II 

•9 

264*3 



05-12 


2 

II 

II 

2730 





i 2 

II 

II 

276-2 



04-6 


2n 

II 

II 

277 

04-06 



3 

4 

91 

If 

280-3 

03-92 



3 

4 

91 

11 

S811 

03-62t 


03-64 

5 

6 

II 

If 

2833 


03-06 


2 

II 

II 

2872 



01-4 


2n 

II 

If 

299 

00-05 

3799-992 

00-07 

6 

8 

If 

II 

308-1 



3799-43 


2 

If 

If 

312*3 



98-82 


4 

ft 

If 

316-6 



98-41 


2 

II 

II 

319-4 i 
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VAHAmau—eontinned, 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reductien to 
Vacuum 

Oscillation 

Ilasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

K + 

1 

\ 

Frequency 
in Vacuo 



3796-66 


4 

1-06 

7-4 

26331-5 



9637 


2 



333-5 

3795- 12 


9608 

7 

10 



342-3 


1 

94-49 


8 



346-6 

93-76t 


93-76 

4 

4 



351-7 



93-53 


2 



353-3 



91-47 


2 



367 6 

90-62tt 

3790-603 

90-64 

3 

6 



373-5 

9046 

90-448 

90-48 

5 

6 



374-6 

1 

1 

88-92 


2 



.<l85-5 

87-68 1 

87-39 

2 

16 

»• 

ft 

395-0 

i 

84-98 


2 



412-8 

84-84 

84-88 

2 

2 



413 7 


836 

I 

2b 

! 


422-5 

' 

83-08 

1 

2n 



426-1 

82-70 

82-70 

2 

2 



428-8 

' 

82-27 

I 

i 

2n 



431-8 



81-90 


2 



434-3 

81-54 


81-65 

1 3 

4 



436-8 



80-85 


2 



441-7 

79-80 


79-86 

3 

6 



448-8 

78-8:n 

78-808 

78-82 

5s 

10 



455-9 

78-48t 


78-60 

2 

12 



458-2 

77-C3t 


77-63 

2 

4 



464-2 

77-31 


77-30 

2 

4 


tt 

466-5 

76-31 


77-00 


2 



468-6 


76-29 

3 

4 

1-04 

II 

473-6 

75-85 


75-80 

3 

4 

II 

11 

4769 

76-34t 


75-32 

3 

4 

It 

11 

480-3 

74-27 


74-82 • 


6 

II 

II 

483-9 


74-29 

2 

4a 

II 

It 

487-7 



73-92 


2 

It 

ft 

490-3 



73-14 

I 

10 1 

It 

It 

495-7 

71-87 


72-30 


2n 


7-6 

501-5 



3n 



1 ** 

604-5 

71 -317 



2 



IF 

608-5 

7l-llt 


71-13 

4 

20 



509-8 

70-68 


70-67 

2 

2 

A 

t> * 

612-9 



70-10 


2n 

ft 

tt 

617-0 

69-23 


6997 

69-18 

2 

2n 

6 

tt 

It 

t> 

tt 

617-9 

523-3 



6784 


8 

tt 

tt 

532-9 

64-96 


66-53 

64-94 

2 

2 

4 

It 

tt 

642-1 

553-3 

63-30 

% 

63-26 

4 

4 

It 

tt 

565-5 



61 55 


4 

ft 

tt 

677-3 

60-96 

60-40t 

a 

61-43 

60-96 

60-40 

2 

2 

4 

4 

10 

It 

>t 

It 

tt 

It 

ti 

578-1 

681-5 

685-4 



59-41 


6 

ft 

It 

. 592-4 



58-90 


2 

It 

tt 

696-0 



57-82 


2 

tt 

ft 

603-7 



6751 


2 

tt 

tt 

605*9 


t Ru 3790-66, Cr 3790 61 
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Arc Spoctrum 


Hiissolborg 

llnwlaiul iind . 
lliirrisnii 1 

i 

37i>(MN 

1 

55 -{>5 

1 

i 

53-44 1 

1 

1 

1 

5104t i 
51-U2t I 

I 

1 

4814 ! 

j 

1 

4002 1 

i 

4l-65t i 

3741 030 

40-38t 

40-374 ' 

3S-'33 

38-9(U 

38-15 

38-129 

34 59 

1 

32-88t 


29*22 

1 

27-49t 


j 

2352 

22-70 

22*27t 

! 

! 

i 

1 1 

1 22334 

22-15 

1 22-130 


19-124 \ 

19 051 / 

16-r,2t 

14-12 

1 

08-88 1 

O O 

0519t 1 

05-107 


Vanadium — co/tti?i ucd. 


Spark 

Spectrum 

:‘’xnor ami 
Haschok 

Int«Misity and 
ClmrucitT 

llodiiction to 
Vacuum 

Oscillatioii 
Frcciucncy 
in Vacuo 

Art? 

Spark 

A 8 

A*" 

3750-15 

2 

2 

1-04 

7-5 

20015-4 

55*77 

2 

III 

ff 

II 

617-9 

55-23 


2n 


If 

022-0 

51-05 


2ii 



020-1 

53-38 

2 

4ri 



634-9 

53-00 


o 

*1 


637-8 

51-94 

2 

2 

tf 

11 

647-1 


Is 


,, 


651!) 

50-43 


8n 

ft 

9t 

05til 

50-10 


I2n 

ft 

1 

058-4 

48-10 

2 

•> 

tf 

IV 

072-5 

47-2S 


•> 

»> 

II 

078-5 

40-(M) 

43 

14 



687-5 

43-77 


81)^ 



703-6 

41-03 

3 

On 

If 


718-8 

41-20 


2 

ft 


721-9 

40*39 

3 

4 

f» 


726-7 

3S-92 

4 

In 

It 


738-2 

;t8i.> ! 

3 

4 



743-7 

37-00 


2 

1-03 


717-6 

30-10 i 


10 

I) 

II 

757-9 

34-r»2 

3 

In 

If 


709-1 

33*75 


4n 



775-2 

3298 

Is 

14 

f» 

II 

781-1 

32-15 


8 

If 


THCi-O 

31-20 i 


2n 

If 


793-4 

30-30 


2 

If 

If 

799-5 

29-99 1 


2 

If 

II 

802-2 

29-21 

3 

0 

>1 

II 

807-7 

28-51 


10 

If 

7-0 

812-9 

27-53 

4 

lOb*- 

ft 

If 

820-0 

2583 


o 

It 

II 

832-1 

25-1 


2n 

♦» 

II 

837 

21-0 


2n 

ft * 

II 

839 

23-75 


2 

If 

If 

847-1 

23-49 

3 

2 

If 

II 

848-8 


4 


ft 

If 

865-2 

2239 

2 

On 

II 

II 

867-3 

22-18 

2 1 

4n 

II 

II 

858-5 

21-55 i 


2n 

If 

It 

862-9 

21-1 1 


2n 

It 

ft 

866 

19-07 


0 

II 

II 

880-9 

18-35 


10 

II 

II 

886-0 

15-70 

4s 

20 

1, ‘ 

II 

906-2 

14-12 

2 

4 

9f i 

II 

916-7 

13-72 


2 * 

1 

*• 

II 

.919-6 

12-09 


4 

If 

It 

927-0 

11-90 


4 

If 


932-8 

11-28 


8 

ft 

II 

937-3 

08-86 

3s 

0 

91 

II 

954-9 

00-20 j 


0 


If 

974-3 

0522 

5 

6 . 


II 

981*6 , 


t Ni 3715-61, 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

j IntenHi'ty and 

1 Character 

Heductipn to 
Vacuum 

I Oecillation 

Iliisselberg 

1 Rowland and 
1 Hai rison 

Exnor and 
Huscliek 

Arc 

! 

; Spark 

A + 

A. 

Frequency 
in Vacuo 

:t70l«5t 

3704*831 

3701*90 

6 

Cbv 

1*03 

7*6 

26984-0 


04*604 


2 




985*4 


03*80 

7 




992*0 



01 13 


6 

• 


27011*1 



00*50 


12 



016*8 



00*35 

j 

! 6a 



017-0 



3699*63 

1 

i 2 



022*1 

3Gf>ri00t 

3690996 

96*02 

1 6 

! « 

1*02 


048*7 

951.st 

95*449 

95.50 

1 6 

6n 



052*.5 

92-:i6t 


94*74 

! 

i 2n 



057*9 

92.367 

92*38 

6 

10 


if 

07.5*3 

yoiit 

90*407 

90*43 

5 

8 


090*3 

fis-22t 

88*207 

88*21 

5 

8 


105 8 

87-61t 


87*60 

5 

6n 



tlO-3 

80*40t 


86*83 


2 



116*0 

86-,392 

84*40 

1 4 

6 



1 119-2 



85*31 


6 



127*2 

84*83 



3 



7*7 

: 130*7 



84*47 


2 


»» 

13.3*3 

83*20 

8.3-24,3 

8.3*25 

6 

6 


1422 

80 20 


81*5 


2b 



165 

80-214 

80 15 

6 

8n 



164*7 


80-055 


2 



I 

165*8 



77*47 


2n 



184*9 

7(1-80+ 


77*17 1 


2n 


! 

187*1 

76-807 

76*80 1 

r>n 

6n 



189*7 

75-851 

75-835 

76*83 

5s ! 

! 6 

j i 

;; 

197*0 



75*.5,s 


2 


i 

198 9 

73•5.“>^ 


74*S3 

1 

6 


1 

204*4 


73 50 • 

6n 1 

1 6ii 


1 

214*3 

72-53^ 

72-519 

72*51 

4n 

1 4n 


•* 

221*6 

71 -371 

71*840 

71*33 

2 

4 

6 

»» 

1* 

2266 

230*2 

69*57-f 


69*53 

3 

16 



243*6 

07*87 

67*841 

67*84 

6n 

6n 



256*2 

05-.30 


66*9 


2n 



271 

65*256 

65 22 

4 

4n 



275*6 

63'73 

63*694 

63*68 

5 

6n 


• , 

287*1 



61*53 


12 



303*3 



68*38 


^4 

*• 


326*8 



67*92 


2 

1*01 


3.302 



67*60 


2 

It 


332*6 



66*80 


4b 


}t 

3386 



64*8 


2b 



364 

I 

% 

.53*61 


2 

>» 


362*5 

49-l3f 1 

49-057 1 

52-61 

49*10 

4 

2n 

4 1 



370 7 
396 3 

1 

* i 

47*45 


2n 1 



408*7 

1 

i 

46*98 


4 



412*3 


i 

4602 

i 

6 ; 

It 

"• I 

419 1 • 

^'•y i i 

14-88+ 

4*1 •f\i*’ 

44*038 1 

45-7 

44.83 

.3 

3 ; 

2b 

4 ; 

•t 

M 1 


’ 421 j 
428-2 1 

A‘l Uo 1 

43 99 . 

1 

4 1 

?> i 

" i 

431*7 i 


. - X llu 3G76'82, 72*53. 
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VA^Al>lVM^ei>ntinued, 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exnor and 
Haschc'k 

Arc 

Spark 


a’*’ 



3643-27 


2 

1-01 

1 77 

27440*1 



4282 


2 

»» 


443*5 

3641*28 


41-25 

3 

2b 

1 


465*2 

40-25 


40-20 


2ti 

tf 


4626 

39*21t 

3639-160 

39-14 

3 

4 

«• 

7-8 

471*0 

38*57 



2 



If 

4765 

37*95t 


37*89 

2 

4 



480*4 

3609 


36-03 

4 

2n 


If 

494*5 



33-57 


2 

»♦ 

»« 

498*2 



34*06 


2 


If 

509*6 



33-02 


2 


*• 

517*5 



29*45 


2n 

!! 

ft 

544*6 



27-83 


8 


»f 

656-9 



25-71 


8 

ff 

673-0 



24*98 


2 


If 

678-6 

2282t 


22*82 

2 

2n 

i ** 

f» 

695-0 


22*43 


2 

f 

It 

It 

598-1 



21*35 


8 

; It 

It 

606-2 



20 62 


6 

{ 

It 

611 8 

19*10 


19-09 

2s 

12 

( ft 

It 

623*4 



18-6 


2 


II 

627 

16-91 


16-83 

2 

4 

i 1-00 

ft 

610*4 



15-4 


2b 


II 

652 



12-4 


2b 


If 

675 



11*71 


4 

1 ** 

If 

679*9 

09*45t 


09*40 

3s 

2 


M 

697*4 



08*07 


2 


II 

707*8 

05 75 

i 

05-73 

3 

4 


i *’ 

725*8 


1 1 

05*46 


1 2 

yi 

1 II 

727*9 


j 1 

05-0 

i •' ^ 

2n 

1 y* 

1 

II 

731 


1 ■ 

04-25 


2d 

! .. 

1 

! >* ' 

737*2 



1 03*10 


2 

1 .. 

I ’* 

746*0 ; 

00*20 

1 00-166 

00*16 

2 ’ 

' 2 

11 


768*6 


! 

3597*1 

1 1 

! 2n" 

11 

7-9 

792 



95*77 


1 2 

11 

I. 

802*6 

3593*48t 

3593*519 

93*53 

4 

! 


II 

820*0 

92*71 


92*70 

2 


ft 

ti 

826*2 

92*15t 

92*159 

92*19 

4 


ft 

II 

830*5 

89*91t 

89*889 

89*90 

4 

! 18 1 

11 

ft 

848*0 


88*25 


6 ' 

11 

II 

860*8 



84*56 

! 

i 2 

11 

II 

889*5 

83 84t 

83*840 

8385 

2 

1 2 

If 

>1 

896*1 

83*00 

82*953 , 

82*97 

2 * 

2 

ff 

ft 

*901*9 ; 

81*00 j 


80*94 i 

2 

2 

11 


917*7 i 


1 

79*49 


2 

' II 

929*0 ! 


, 

78*78 


4 

11 

I ’* 

934*6 . 

7801t 

78007 

7800 

2 

4 

11 1 

1 ’* 

940*6 

■ 

77*80 


2n 

0-99 ' 

< 1* 

•9422 


i 

77-35 


4 



945*7 , 

75*26t 


75*25 

2 i 

2 


1 II 

969*1 . 

74*92t 

74*915 

74-94 1 

^ i 

2 


I 

1 >1 

964*7 j 


71-51 1 

1 

8 

j 

1 

968*0 1 

7369 

73*652 

I 

i 

2 ' 




974*3 ! 


73-21 

72*82 

8 

2 n 

” 1 

” 1 
1 

•1 

11 1 

If 

977*8 

981*2 
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VAVAmvit—eontinved. 


Arc Speotmm 

Spark 

Spectrum 

Intensity and 
Character 

Bedlicti^n to 
Vacuum 

Oscillation 

Frequency 

1 in Vacuo 

1 

Hasselberg 

Rowland and 
H^ison 

Exner and 
Haschek 

Arc 

Spark 

A + 

1 

A*" 



3672*60 

0 

; 2 

0-99 

7*9 

27983-8 

3671-82t 


71*81 

3 

4 

I* 


989-1 


71*38 


2 

II 


992*4 

7M8 


71*18 

3 

2 

• 

II 


994*0 



69*46 


2 

II 


28007-5 

69Ut 


69*09 

3 

2 

II 


010*3 


68*45 


2 

II 


015*4 

6633t 


66*32 

3 

12 

11 


0.32*1 


63*90 


2b 

II 


061-2 

63-59 


63 53 

2 

2n 

II 


063-9 

62-31 


62*31 

2 

2 

II 


063*7 { 



61*54 


2 

II 


069*8 I 

60-75t 


60*78 

2 

8 

II 


075-9 



69*43 


2 

II 

•1 

086-4 

56-97 


66-93 

58 

20 


i II 

106*1 

66-42 


56*40 

3 

4ii 



110-3 



55*90 





114*4 

65*32 

. 

55*30 

3 

2 



119 0 

53-48 

3553*412 

63-44 

6 

4 

tl 

II 

134*0 


51*669 

61*69 

2 

2 

II 

8*0 

147*7 



49*10 


2n 

II 


168*1 



48*82 


2n 

II 


170*4 



4722 


2 

It 

11 

183*0 j 



46-96 


2 

II 

•1 

185*1 i 

4&B2 

45*419 


3 


II 


197 0 j 

45*34t 

46*330 

45*36 

4 

20r 

II 

•* 

198*0 1 

43-63 1 

43631 

43*63 

3 

4 

II 


211*5 

j 


42*63 


2n 

II 

II 1 

219*6 

1 

! 


41*60 


10 

II 

-- i 

228*6 



40*66 • 


2 

II 

1 

1* 1 

235-3 



38*88 

' 

8 

II 

” 1 

249*5 



85*54 


2 

0*98 

II J 

276*2 


i 

34*83 

, 

2 

II 

II 

281*9 

33*86t : 

83*820 

33-86 

6 

8 

It 

II 

296*2 



32*45 


6 

II 

•1 

3009 



31*63 


4 

II 

II 

307*5 

30*9lt 


30*96 

4 

20 

II 

II 

313*3 

29*90t 


30*6 


2n 


* •** 

316 

29*876 

29*89 

4 

6 


II 

321*5 



28*4 


2b 

II 

II 

333 



28 00 


6 

II 


336*7 



27*4 


2b 

II 

II 

341 

i 24*89 


25*96 

i i 

1 , 

2 

i ** 

II i 

363*1 


24*89 

, 3 

16 


1 

361*7 

1 24-38t ' 



! 4 


II 

1 ** 

«i 

365 8 1 


^ 1 

238 1 

1 

2b 

II 

i It 

370 

■ 


2335 


2n 

ii 

1 1* 

374*0 ! 



2275 

i 

2 

II 

II 

378*9 1 



2202 


12 



384*7 

20-18t 


1 20*72 


6b^ 

ft 


i a395*S 


20*19 

4 

: 14 

•1 

1 .. 

1 * 399*5 

1 17-44t 

1 

1 19*33 


; ^ 


1 

406*4 

' 17*436 I 

17*46 

4 

! 20r 

II 1 

! *’ ■ i 

1 1* I 

421*7 

i ' 

i 

16*16 


2 

II 

II 

4320 

‘ J 

1 1 

14*60 


6 

It 

!• 

4447 
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YA.yi\mva-~eoiiti)iued. 



# i 

Spark 

Intensity ami 1 

Bccluction to 


Arc &pocirum 

Spectrum 

Character 

Vacuum 

Oscillatiol 


1 






It’rccjiKJiic’ 


HowliViul tuid : 

Exner niul 




1__ 

in Vacuc 

Ilassclberg 

Harrison j 

Haschek 

Arc 

Spark 

X + 

/ 

A 




3514-02 


6 

0-98 ' 

8-0 

28449-4 



12-33 


! 2 

«» 

f. j 

463-0 



11-57 


2 

(* 


469-2 


j 

11-02 


2 


It i 

473-7 



09- IS 


6 

11 

81 

496-7 



07-69 


: 6 

1* ; 

11 i 

600-6 



07-00 


o 

•» 

11 

506-3 



06-70 


4 


i> 

508-7 

3503-83t 

! 

05-84 

2 

4 

M i 


515-8 

01-57+ 


04-58 

3 

: 16 

»• 

If 

526-0 



03-35 


o 

i 

*1 

fi 

535-9 

01-63 

3501*614 

01-65 

2 

’! 2 

tt 

** 

5509 


i 

01-03 


1 2 

** 1 

11 

554-8 


, 

00 50 


2 

,, 


559-2 



00-00 


> 4 

11 I 

If 

563-3 

. 3198-23 


3498-34 

2 

! 2 

0-97 

If 

577-2 

9713 

3497-081 

97*23 

2 

! 14 

91 [ 

tf 

686-6 

93-34 


93-27 

2 

! 12 

♦1 1 

If 

618-1 



90-11 


4 

ft 1 

ff 

644-3 

89 64 

89-648 

89-59 

2ii 

2 

If ! 

tf 

648-1 



87-13 


2 

>f 

>t 

670 8 

8603t 


86-09 

2 

1 13 

f» 

ft 

677-5 



84*82 


2 


It 

687-8 



84-48 


2 

If i 

ft 

690-5 


1 

80-01 


8 

tf j 

ft 

727-4 



79-10 


i 3 

f> 1 


735-t) 



1 77*67 


6 

f » 


746-0 



! 77-5 


4 b 

; >1 

If 

748 



76-3.S 


i 4 

ft 


767-4 



70-44 


; 4 

If 

8-2 

806-6 


1 

69-69 


1 

ff 1 

ft j 

812-8 



66-75 



.. ! 


837-3 


i 

65-39 


•! 2 

ft 

11 

848-6 



64-34 


i 2 

ff 1 

If 1 

857-3 


, 

64-00 


2 

If i 

ft 

860-2 



63-50 


2 

ft 1 

If 

864-3 



! 63-22 


‘ 2 

1 ** 1 

ft 

866-6 



I 61-71 


■| 2 

! '• 

tf 

879-2 


’ 

67-30 


; 14 

! 0-96 

ft 

916-1 


1 67 048 


2n 


1 » ! 

If 

i 918-1 



63-02 


■’ 2 

i » ! 

f> 

935 1 



63-23 


: 8 

1 f. i 

ff 

950-2 



61-20 


\ 2 

! .. i 

ff 

967-2 



47-7 


2b 

ft I 

If 

997 


1 

4595 


2 

1 1 
! 

i» 

29011*4 



44-46 


2n 

i 

ff 

023-9 



42-48 


o 

i «• ! 

ff 

010-6 



42-17 


. 2 

1 " 

f« 

I • 043-2 



37-90 


2b 

1 

11 

If 

059-3 



36-52 


2n 


f I 

091-0 

• 


35-52 


2ii 

1 

fi 

' Ot>9-l 


I 

34-16 


2n 

1 i! ; 

ff 

i 111*0 



33-96 


2n 

99 

ft 

i 11^7 



32-1 


2h 

! 

8-3 ; 

' IS'** 



30-30 


2n 
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Vanadium 


Ato Speolmm 


Bpark 

Spectrum 


■r» — RowUmd and Exner and 

HasBdberg n^non Hagohek 


Intensity and 
Character 


Arc Spark 


Bednctmn tol 
Vacuum Oscillation 
Frequency 
in Vacuo 


A- 



29184*8 
186*9 
197*3 
210*9 
223*8 
228*4 
242*7 
265*2 
274*3 
279 8 
324*9 
333*2 
343*0 
348*5 
350*0 
351*5 
357*6 
.359*2 
363*7 
373*2 
374*7 
379*9 
384*9 
390*5 
398*8 
417*3 
421*0 
424*2 
432*2 
441 
449*0 
466*7 
482*3 
499 
608*0 
611*7 
626*8 
636 
643*6 
664*0 
673*7 
682 
697*3 
699*4 
611*0 
628*8 
639*6 
651*4 
654*2 
. 669*9 
6846 
691*8 
703*3 
720*8 
7387 
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Vanadium— 
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VjkXAiivau—eontimved. 


Arc Speotmm 


Hasselberg 


Rowland and 
Harmon 


3286*133 

84*489 


33-878 / 
83-a)b ^ 


Spark 

Spectrum 

Intensity and 
Character 

Exnor and 
Haachek 

Arc 

Spark 

3287*78 


2 

87-3 


2b 

86-80 


2 

85-29 

2 

6 

84-60 

2 

2 

83-46 


2 

82-69 

2 

10 

81-92 


4 

81-26 

2 

6 

80-02 

2 - 
2n 

16 

77-88 

2n 

6 

77-65 


6 

77*21 


4 

76*25 

16 

20r 

74-66 


4 

74*36 


2 

73-17 

2 

4 

2 

71-27 

16 

20r 

70 25 


10 

69-07 


2 

67-84 

16 

20r 

66-06 

2 

10 

64-6 


2b 

63-46 


8 

62-45 

2 

2 

61-90 


2 

61-73 


2 

61*20 

• 2 

2 

59-80 


2 

69-63 

2 

2 

68-02 

2 

8 

66-72 

2 

2 

64-90 

4 

10 

63-00 


2 

62-01 

2 

10 

60-90 

2 

10 

49-71 

2 

8 

48-74 


2 

48-00 


3 

47-69 


2 

47-6 


2a 

42-14 


2 

41-30 


I 2 

40*90 


2 

40-00 


1 3 

89-17 


! 2 

88-08 

4 

12 

36-72 


1 2 

34*64 


4 

33-98 

!' 

8 

33-67 . 

6 

38*36 

4 1 

2 
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Arc Spectrum 


Howland and 
Hasselberg Harrison 


3232064 


3199934 

98*121 


Spark 

Spectrum 


Exner and 
Haschek 


323210 
31*09 
30*80 
29*75 
29*30 
28*7 
28*3 
27 54 
27*05 
26 22 
24*20 
22 97 
21*62 
18*98 
17*23 


1021 
0846 
07*52 
06*4 
06*70 
05*45 
04*30 
02*80 
02*50 
01*8 
319995 
9809 
97*65 
96*66 
95*7 
94*06 
93 29 
92*78 
90*80 
89*87 
88*60 
89-18 
87*78 
86*93 
85*46 
84*04 
83*48 
82*71 
79*50 
77*75 
76 2 
74*61 
74*17 
72*34 


Intensity and 
Character 


Beduotion to 

Vacuum 1 


1_ 

a” 

0-91 

8*8 

1* 

II 

It 

II 

II 

II 

•I 

II 

II 

II 

II 

II 

k ** 

II 

II 

II 

II 

II 

It 

II 

»» 

•1 

0^90 

ft 

II 

II 

II 

II 

II 

>1 

II 

II 

II 

II 

II 

. II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

8*9 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

•I 

II 

•> 

11 

II 

•1 

11 

II 

II 

II 

11 

II 

II 

II 

>1 

II 

11 

II 

II 

II 

II 

II 

II 

II 

11 

ii 

•1 

0*89 

.9*0 

>1 

•1 

II 

II 

ti 

11 

II 

:: .1 


Oscillation 
Frequency 
in Vacuo 


30931*0 
940*5 
943*5 
953*5 
967*7 
963 
965 
974*7 
979*3 
987*2 
31006*6 
018*4 
032*4 
056*9 
073*8 
090*7 
096*8 
104*1 
119*1 
127*3 
138*5 
141*6 
168*8 
1679 
179 
185*5 
188*0 
199*1 
213*8 
216*7 
223*5 
241*7 
259*6 
264-1 
273*7 
283 
299*4 
806*8 
811*8 
831*2 
840*3 
352*7 
356*9 
861*0 
869-3 
883*5 
• 897*4 

403*1 
410*9 
442*5 
4598 
475 
490*9 
495*3 
513*5 
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Arc Spectrum 


Hasselberg 


S168’244 


Spark 

Spectrum 


Exner and 
Haachek ^ 


3171-82 

70-35 

68-62 

68-24 

67-65 

66-48 

65- 96 
64-91 
63-86 

63- 13 
62-81 
62-46 
61-42 

60- 87 
59-46 
6801 

66- 35 
66-61 

64- 9 

61- 42 
48-86 
46-96 
46-40 
46-10 
46-48 
44-85 
43-61 
42-67 
42-33 
41-63 
41-23 
39-88 
38-17 


Intensity and 
Character 




Reduction to 
Vacuum t Oscillation 

— Frequency 

1 in Vacuo 
A+ r- 


0-89 9-0 



31518-6 

633-3 

560- 5 
664-4 

561- 1 
671-8 
6770 
687-6 
698-1 
606-2 
608-6 
612-0 
622-4 
628-9 
642-1 
666-5 
673-1 
681-7 
688 
722-7 
748-6 
767-7 
773-2 
776-4 
782-6 
787-9 
801-5 
810-0 
813-4 
821-5 
826-6 
839-3 
866-6 
866-4 
872-1 

, 888-1 
904-4 
910-2 
912-0 
936-7 
961-9 
956-1 
977-3 
986-6 
986-8 
988-8 

32006-3 

011-3 

029-2 

033-4 

038-6 

047-9 

058-0 

0741 

081-6 
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SKPOBT — 1901 


Vanadium— 



Spark 

Sp^trum 

Haaselberg 

Rowland and 

Exner and 

Harrison 

Haschek 


3113*038 

3113*19 


10*826 

02*381 

09*283 

10*82 

09*51 

08*81 

07*86 


Intensity and 
Charaoter 


02*416 

01*038 

3094*793 


3094*33 
93*23 
89*78 
88*1 
86*61 
8633 
83*31 
82*65 
82 20 
81*39 
81*13 
80*4 
79*0 
78*76 
76*12 
76*7 
76*3 
74*77 
72*96 
70 31 
69*82 
67*20 
66*6 
66*71 
63*80 
62*80 
62*31 
60*60 
59*3 
67*66 
66*46 
66*03 
64*00 
63*48 
62*3 
61*44 
60*86 
49 00 
48*76 
46*10 
43*62 


Reduction to 

Vacuum Oscillation 
Frequency 
in Vacuo 


32113*0 
136*7 
160*2 
161*6 
162*5 
167*4 
167*4 
177 
186*7 
189*9 
196*6 
224*9 
237*6 
3136 
307*9 
319*2 
365*6 
373 
388*8 
391*8 
423*6 
430*4 
436*1 
443*7 
446*4 
464*0 
469 
471*6 
499*2 
604 
608 
613*6 
6326 
660*0 
666 9 
693*7 
601 
609*6 
629*9 
640*6 
646*8 
664*0 
. 678 
696*6 
708*3 
712*9 
734*6 
* 740*1 
763 
762*0 
« 768*4 
788*2 
790*8 
880*6 
846*2 
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Voxxovavr-eontinued. 


Aro Speotram 

Spark 

Spectmm 

Intonaity and 
Character 

Bednction^to 

Vacnnm 

Oscillation 
Frequency 
in Vacuo 

HaBselbeig 

Rowland and 
Harris^ 

Exner and 
Haschek 

Arc 

Spark 

A+ 

1- 

A 



3043*27 


2 

0*86 

9*4 

32860*0 



42*39 


8 

f» 

11 

869*9 



41*52 


6 

SI 

St 

868*9 



39*9 


2n 

11 • 

It 

886 



88-63 


4 

- •» 


900*1 



35*28 


2 

'll 

ft 

936*5 



34*66 


2 

11 

It 

944*4 



33*99 


8*^ 

•1 

It 

950*5 



33*55 


8» 

If 

It 

955*3 



32*30 


2 

l> 

IS 

968*9 



31*16 


2a 

II 

St 

981*6 



29*65 


2 

IS 

It 

997*7 



28*16 


6 

II 

If . 

33014*1 



27*70 


4 

SI 

II 

019*0 



26*08 


6 

II 

II 

037*6 



23.99 


6 

If 

9*6 

069*4 



22*70 


6 

0*86 

II 

073*6 



22*29 


2 

II 

IS 

078*0 



20*4 


2b 

II 

II 

099 



19*1 


2b 

II 

II 

113 



16*81 


6 

SI 

fl 

136*2 



16*20 


4 

II 

IS 

144*8 



16*03 


4 

IS 

IS 

146*8 



14*87 


8 

fll 

II 

169*4 



13*12 


6 

II 

SI 

178*7 



12*09 


6 

II 

IS 

189*9 



09*60 


2 

IS 

If 

217*6 



08*61 


8 

If 

IS 

228*4 



07*37 1 


4 

IS 

II 

242*1 



06*57 J 


4 

•1 

fl 

250*9 

i 


05*87 1 


4 

SI 

SI 

258*7 



03*60 


8 

If 

SI 

286*0 



02*72 


2 

II 

II 

293*6 



01*82 


4" 

If 

II 

303*6 



01*28 


lOr 

II ^ 

II 

309*7 



2999*67 


2 

If 

.11 

328*6 



i 99*30 


2 

SI 

If 

331*6 



98*00 


2 1 

SI 


346*1 



96*7 

. 

2b 

• 

II 

9-6 • 

360 



96*06 


8 


IS 

367*7 



94*59 

’ , 


II ' 

II 

384*0 



89*72 


2n 

IS 

SI 

1 438*3 ^ 



89*67 


8 

IS 

IS 

1 438*9 



89*36 


4 

IS 

IS 

1 442*5 


w 

88*07 


8 

II 

ss 

456*6 


• 

86*25 


6 

SI 

It 

487*3 



83*62 


8 

II 

St 

506*7 


a 

83*10 


2 

If 

II 

512*6 



82*82 


4 

0-84 

II 

616*7 



82*00 


4 

II 

SI 

524*9 



81*27 


8 

It 

It 

•633*1 



79*6 


2b 

St 

lit 

562 



. 79*16 


2 

tl 

If 

566*9 



78*26 


4 

ft 

tl 

667*1 


• 

77*60 


2 

It 

tl 

574*6 
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BEFOBT — 1901 




OaoillAtion 
Fraquenoy 
in Vaotto 


83586*4 
5903 
696*9 
614*4 
6842 
641*7 
654*3 
661*1 
678*4 
681*2 
687*0 
728 
735*9 
741*3 
760*0 
7641 
789*1 
799-9 
811*8 
823-8 
837*6 
843*0 
843-4 
864*2 
869*7 
884-0 
892*1 
897*4 
909-9 
927*7 
936 
949*7 
961*0 
966*2 
976*1 
988*3 
34022*3 
029*0 
087*0 
060*3 
067*7 
073*9 
091*7 
096*5 
099*8 
108*7 
117*0 
‘ 180*1 
160-7 
rr 3-5 
180*7 
188*2 
196*1 
204*6 
230*9 










ON WAVE-LENOTH TABLES OF THE SFECXBA OF THE ELEMENTS. 187 


YASAVivu-’-eotainued. 


. Arc Spectrum 



Spark » 
Spectrum 



Oscillation 
Freqaency 
in vacuo 

Hasflelberg 

Bowlond and 
Harrison 

* 

Ezner and 
Haschek 

Arc 

Spark 

A + 

B 



2920*11 


8 

0-83 

9-8 

34236-4 



18 82 


6 

»» 

33 

266-4 



17-41 


8 

•• 

33 

267-1 



16-00 


6 


t3 

283-6 



16-46 


6 



290-0 



14-97 


4 


33 

296-8 



14-40 


6 


33 

302-5 



13-85 


2 



309-0 



13-17 


2tt 



316-9 



12-7 


2b 



• 822-6 



11-78 


4 



3333 



11-17 


8r 

31 


340-6 



10-60 


8r 

33 


348-5 



10-16 

1 

8r 

13 


362-6 



08-96 


8r 



366-6 



08 66 


6 



' 371-3 



07-60 


8 

3» 


382-7 



06-60 


8r 



394-6 



06-76 


6 

31 


404-6 



06-13 


6 



411-9 



04-23 


2 


33 

4226 



03-70 


2 ** 

0-82 


428-9 



03-20 


Sr 

13' 

33 

434-8 



00-06 


2 

13 


472-1 



2899-6 


2b 

33 


479 



98-02 


4 

33 


496-4 



96-98 


2 

33 


608-8 



96-31 


8 

** 


616-7 



96-74 


2 

! 

33 

5236 



94-96 « 


2 

33 

31 

632-8 



94-78 


2 

33 

33 

634-9 



93-47 


lOr 

33 

' 33 

650-5 



92-82* 


lOr 

33 

33 

668-3 



93-61 

1 ' 

6 

33 

It 

662-0 



91-7S 


IQr 

33 

13 

670-8 



90-69 


4 

33 

33 

683-8 



90-28 


4 

33 

33 

688-7 



8971 


lOr 

33 

•ll 

696-6 



88-36 


10 

• 

33 

33* 

611-6 



87-30 


4 

33 

33 

624-4 



87-08 


4 

33 

33 

627-1 


. 

84-91 


I2r 

33 

33 

6531 



84-20 


4 

33 

13 

661-7 



1 82-60 

f ■ 

10 

33 

33 

680-9 



80-93 


6 

33 


701-1 



80-14 


10 

33 


710-6 . 



79-26 


6 

33 

It 

721-1 


a 

78-40 


2 

33 

33 

731-6 



78-13 


2 

33 


734-8 



* 77-80 


8 

It 


738-8 



77-05 


4 

It 

33 

• 747-8 



76-78 


6 

tl 

33 

763-2 



74-84 


2 

33 

33 

780-6 



73-30 


6 

33 

if 

7932 



71-61 


2 

13 

13 

813-6 
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HEPOBT — 1901 
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Intensity and Beductjon to 
Character Vacnam Oscillation 

Fre^enoy 

* « , 1 in vacuo 

Arc Spark — 


35466*2 
4670 
481-7 
497-2 
504-8 
612-3 
513-1 
621-3 
633-8 
540 
647-6 
660-1 
654*9 
671*9 
681-2 
691-6 
697-3 
600 
614-4 
616-6 
619*1 
626 
631-6 
646-6 
668-4 
666*6 
689-3 
701-0 
709-0 
718-2 
724-3 
730*4 
734-6 
740-6 
760-0 
767-6 
774-2 
780-3 
798-6 
810 
829 
847 
866-2 
868 
868*1 
883 
904*0 
907 
920*6 
926-9 
* 939*0 
967-6 
977-0 
983*7 
988*6 















140 


SEPOHT — 1901 
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Vanadium— 



Oscillation 
Frcanency 
in Vacuo 


366641 
689*3 
693*0 
706*6 
708 9 
7171 

m*6 

728 

736*4 

749*3 

773*6 

780 

787*0 

810*9 

819*0 

831*1 

886*1 

849 

867 

864*1 

886*6 

900*5 

907*7 

916*9 

932*3 

939*6 

940*0 

953*2 

981*6 

994*7 

37003*5 

010*3 

012*3 

027-7 

036*3 

042*3 

066-6 

063-2 

066*2 

072*3 

097*0 

100*6 

121*3 

161*4 

168*3 

164*1 

180*2 

189*9 

193*0 

196 

211*0 

222*6 

230*1 

234*4 

254 
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REPOST— 1901. 


VAUXDtvu—ctntHnutd, 
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YjaxADlxm-^^tPoatinusd, 


' 

Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Hafrison 

Ezner and 
Haschek 

Arc 

Spark 

x+ 

JL-, 

x" 



2636-78 


6 

0-76 

11-0 

37929-1 


« 

86-62 


4ii 



932-2 



34-64 


2a 

9f 

If 

944*8 



3402 


2n 



953*7 



33-31 


2n 



964-0 



3260 


2n 

»» 


975-7 



30-72 


12 

ff 

11-1 

38001-3 



29-88 


lOn 



013*4 



28-88 


8n 



027*9 



28-36 


2n 

ft 


036*6 



28-2 


2n 

ft 


038 



26*73 


2 

tf 


>0W-5 



25 00 


8a 

f« 


084*1 



23-86 


8n 

II 


100*7 



22-85 


8n 

II 


115*4 



21-9 


8h 

II 


129 



20-4 


2b 

II 

fi 

151 



20-2 


2b 

II '■ 


164 



19-56 


2n 

ff 

fi 

163*7 



18-5 


2b 

ff 

ff 

178 



17-28 


6n 

ff 

If 

196-6 



16-76 


6a 

•f 


204-2 



16-31 


8 

II 

If 

210-6 



15-60 


8a 

If 

fi" 

222*5 



14*49 


6 

If 

II 

237-3 



13-9 


4b 

If 

If 

246 



12-4 


4b 

II 

ft 

268 



11-6 


4n 

If 

If 

280 

1 


11-36 . 


6n 

II 

If 

283*3 

1 


10-8 • 


8b 

♦1 

II 

291 

I 


2509-91 


2 

0-75 

It 

304*4 

j 

! ’ 

09-68 


2 

ft 

11-2 

307*8 

! 

t 08-11 


6n 

If 

ff 

330-7 



07-6^ , 


2n 

II 

If 1 

340 



06-6b 


2d 

M 

' If 

353-0 



06*8 


4b 

If 

. ft 

365 



03-62 


6a 

If' 

»ii 

3H3-3 



03-05 


6n 

If 

•I • 

405-2 



02-40 ; 

' y 

4a 

II 

II 

414-8 



01-20 V 


8n 

' If 

If 

432*6 



00-66 


2a 

If 

II 

440-7 



00-15 

•' / ■ ■ 

3 

, 1* 

If 

448*1 



98-9 


2n 

ai 

1 ** 

467 


, . :'P 

97-38 ; 


4 

tV 

>1 

489-8 



96-65 


2n 

If 

11 

601-5 



96-20 


16 

If 

ft 

621-4 

* 


94-0 


2n 

If 

II 

539 


w 

93-8 


2n 

II 

•I 

542 



, 93-18 

i ^5 

1 

It 

ft . 

649-9 



92-32 

! 3 

If 

•I 

1 664-3 



91-68 

i a 

If 

II 

673-8 


■ 

91-3 

i 2b 

If 

fi 

679 


' 

90-7 i 

: 2b 

. II 1 

»i 

588 



90*3 

2b 

' j 

!• 1 

-- 1 

694 



88-89 1 

; 2 

.. 1 

1 

tt 

614-4 
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SBFOHT— 1901 


VANADII91— 


Ato Spectnun 


Spark 

Spectrum 


Intensity and Beduction to 
Character Vacuum 


Bowland and Exnor and 
; Harrison Haachek 


2588*55 
88*22 
87*6 
85*02 
83*7 
88*12 
81*98 
78*53 
77*78 
77*39 
76*56 
76*20 
74*61 
74*14 
73*3 
7285 
72*0 
71*14 
68*47 
68*18 
67*6 
66*70 
66*13 
65*8 
65*65 
65 32 
64*90 
64*26 
63*45 
62*87 
62*3 
61*3 
60*26 
59 20 
58*99 
56*87 
5600 
55*6 
54*98 
54*30 
53*76 
53*11 
52*76 
52*85 
51*83 
60*7 
4976 
49*36 
48*80 
48*28 
46*40 
46*00 
46*79 
45*54 
44*40 



Oscillation 
Frequency 
in Vacuo 


38620*5 

625*3 

636 

673*1 

693 

701*5 

719*1 

770*4 

781*7 

787*5 

800*1 

806*5 

829*5 

836*6 

849 

856*1 

869 

881*9 

922*3 

926*6 

935*5 

9492 

957*9 

963 

966*1 

970*2 

976*5 

986-4 

998*6 

39007-4 
016 
031 
047*4 
063*4 
066*5 
098*9 
1122 
118 I 
128*6 
138*3 ' 
146*6 
J 56-6 
16 p*l 
168*2 
176*6 
1 ^ 4 . 

. 208*0 
214*2 
222*7 
230-7 
259-6 
265*8 
269*1 
272*9 
200*5 
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yMXADlVUwgMUH.uei. 


Aro Speotrnm 

Spark 

Intensity and 

Bednction to 

1 

Speoir^ 

Character 

Vacnnm 

Oscillation | 
Frequency 
in Vacuo 

HaBselberg 

Rowland and 
Haniaon 

• 

Exner and 

Aro 

Spark 


1 

A* 



2513^8 


2 


11*6 

#9300*5 



4306 


2 

St; 

88 

311*4 


W 

42*6 


10b 



818 



•41*90 


2 

88 

329*2 



4M 


2b 

-ft 

88 

341*5 



89-8 

' •. 

8b 


88 

369 



87*67 

t 

6 

ft 

88 

894-7 



36*20 


2 


88 

433*1 



34*60 


8 


88 

442-8 



• 8464 


2 

mm 


446*5 



84*04 

83*98 


4 

4 

H 

88 

8f 

451*2 

452*9 


• 

32*07 


4br 



481*9 



31*71 


2 

ft 

' - 88 

487*5 



81*33 


2 

n 

88 

4934 



80*22 


4 

M 1;, 

11*6 

510*7 



28*97 


14 

t» 

’ 81 

6303 



28*69 


14 

»» 


5361 



28*00 


18 



^ a 645*4 



26'80 


16 

tP 

88 

664-2 



25*63 


2 

•t 

88 

582*5 



26*44 


2 

8t 


685*4 



2607 


10 

m' 

'88 

591*2 


. 

23*76 


4 

»» ' 

. .88 

61 V8 



23*6Q 


2 

t» 

88 

616*9 



22*96 


2 

•8 

88 

. 624*5 



22-60 


6 

8t 

88 

630*1 



22*50 


4 

St 

*> j 

6317 



21*62 


12 

» 

88 

645*6 


1 

21*30 • 


10 

ft 

88 

650*6 


20*85 


2n 

IP ■ 

88 

667*6 



20*40 


2n 

n 

81 

664*6 



19*77 


6n 

»• 

88 

674*9 


1* 

19*3 . 


2b 


88 

683*5 



18*7^:. 

18*07: 


2b 


88 

691 




2n 

»• 

88 

701*3 



17M>: 


2 

0*78 

88 

7097 



17*20 ; 
Idris' 


4 

14 

•• 

■ 81, 

18 

716 *1 
731*0 



15*76;j:,:;. 


2 

Pf 

II 

737*8 



. 15*20.;;-> 


2 

. ft 

18 

746*6 



- 14*701^/: 


12 


88 . 

754*6 



^ 13*7 r 


2b 


18 

770 



13*48 > 


2n 


88 

774*6 


• 

13*96 


2n 


88 

782-3 



12*6 ' 

■ ■ ‘ ■' ■ ■ i 

2b 

' 88 

81 

789 


■» 

1 

12*05 

■ ■ 'J 

4 

88 

11*7 

796-5 


% 

11*74 


4 

88 

81 

801*3 



11*3 


2b 

81 

II 

808 



10*90 i 


^ 1 

II 

88 

. 814*6 



10*37 



81 

88 

823*0 



09*91 


2 

18 

^.88 

830-4 



" 08*93 


2 

18 

81 

8458 



07*87 


4 1 

•I 

88 

862*8 

1QA1 


07*70 1 


S 1 

• II 

88 

865*5 
















Arc Spe^tmm 


Spark 

Speotrum 


rx Rowland and Exner and 

Hasselberg Harrison Haachek 


2G06‘97 
06-27 
06-63 
06-82 
06-02 
04*84 ’ 
08-98 
08 - 88 ,: 
03-08 
02-44 
01-67 
01-20 
00-10 
2409-30 
99-12 
98-3 
97-08 
95-86 
94-20 
93-66 
924 
91-24 
90-74 
89-86 
88-66 
88-20 
87-6 
85-56 
84-27 
83-40 
83-11 
82-39 
80-68 
79-60 
79-09 
78-64 
76-33 
76-92 
76:49 
74-8 
72-94 
71-18 
69-86 
69-46 
68*69 
65*34 
64-14 
. 62-99 
61*57 
60-05 
69*10 
69-31 
68-35 
67*86 
6760 



Reduction to 
Vacuum 

_ 

X+ 

f 

a 

0-73 

11-7 

ft 

► ** 

n 

II 

n 

•t 

•» . 

II 

ff 

If 

II 

»> « 

11 

»> 

•• 

II 

If 

If 

If 

•1 

•1 

II 

•1 

II 

II * 

11 

II 

II 

If 

II ♦ 

fi 

If 

II 

II 

II 

II 

$» 

If 

11-8 

II 

II 

•1 

' 11 

II 

>1 

II 

*11 

fi 

II 

•1 

II 

Iff 

II 

II 

It 

’^•1 

II ^ 

II 

II 

II 

i> 

II 

II 

II 

fi 

11 

11-9 
* 11 

II 

If 

II 

II 

‘ II 

If 

II 

0-72 

II 

II 

,11 

II 

II* 

II 

II 

a 

. II 

II 

If 

II 

fi 

ti 

II 

11 

II 

•1 

12-0 

•I 

II j 

II 

II 

II 

w 



Oscillation 
Frequency 
in Vacuo 


89877*1 
888*2 
898-4 
903-9 
908-1 
918-9 
924*7 
935-1 
939-0 
949-3 
961-6 
969*1 
986*7 
999-4 
40002-8 
015 
035-0 
064-7 
081-2 
089-9 
110-3 
128*9 
136-9 
161*1 
170-6 
177-9 
188 
220-7 
, 241-6 
256-6 
260-3 
272-0 
299-7 
317-3 
325-5 
832-9 
370-4 
377-1 
384*1 
396 
425*8 
454-6 
- 476-4 
482-8 
495*4 
650-5 
670*2 
* 589-2 
612-6 
627*7 
.^ 648-3 
649-8 
606-7 
674-0 
678-7 
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\AXikJiiV}L^--€0!ntimed. 


Aro Specthua 


Spark 

Speetram 


Rowland and Bxner and 
Hasselberg Harrison Haschek 


24d6*56 
63*90 
63*41 V 
6283 
62*1 
61*6 
60*80. 
60*69 t 
60^29 
48*60 
47-70 
46-78 
46*61 
46*38 
46*00 
42*66 
41-96 
41-71 
41*40 
39:81 
89*36 Fe 
"39*17 
39*09 
36*62 
36*56 
33*06 
32*08 
31*68 
30-10 
28-3A 
27*80 
27*37 
26*18 
24-88 
24*28 
28*47 
28-27 Fe 

'^18- 

16^84S? 
16-4tlS;^, 
i5-2i8X: 
14 00 
18*16 
12*80 
08*63 
08*01 
07*70 
07*26 
0&96 
0^30 



12*0 

40695*6 

91 

739*5 

»9 

747*6 

H 

767-2 

9» 

769 

t» 

778 

•9 

791*0 

9t 

792*8 

y 

* 799*6 

** 

829*3 

»» 

842*7 

tf 

868*5 

19 

877*6 

99 

881*4 

9t 

887*8 

121 

927*0 

•9 

938*8 

99 

942*8 

99 

948*0 

99 

974-7 

, 99 

982*4 

' 99 

985*4 

-99 

41003*5 

. •» 

028*4 

» •* 

046*2 

■ 99 

088*5 

99 

105*3 

99 

ill23 

. 99 

138*5 

99 

168*1 

12*2 

177*4 

99 

184*7 

99 

205-0 

99 

227-8 

99 

248*1 

99 

261*0 

99 

254-4 


257*1 

99 

* 275-0 

' 99 

290*6 

99 

306-7 

99 

330*6 

99 

361*2 

99 

366*4 


388-8 

99 

391*8 

9#»-- 

412*8 

. 19 

427*4 

19-3 

433*3 

99 

606*8 

91 • 

616*8 

1 . « 

1 621*1 

» 

528*9 


651-2 

> .. 

1 662*7 

X. 2 
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yAvxmvu--^continued. 


Arc Specix^m 

Spark 

Siiootrom 

Hftsselberg 

Bowlaad and 
Harrison 

Exner and 
Hasohek 



2403*85 

02*01 

00-99 

omn 

, 93*22 ^ ; 
97-T4 
97-2 

97-1 # 

96*69 
96*1 
93*70 
92*8 
91*33 
90*66 
89*79 
8901 
88*35 
88*0 
87*04 
86*51 
85*92 
85*70 
85*05 
84*09 
83*55 
82*59 
81*00 
80*3 
79*24 
77*0 
76*9 
74*75 ? 

74*2 

73*15 

72*67 

72*25 

71*19 

67*71 ' 

66*96 

66*53 

66*40 

66*78 

iyr 

:60-49 
58*82 >’ 

57-89 
57-60 
56*8 
55*3 
64*74 
52*25 
61*64 
51*33 
49*87 
49*37 


Intensity and 
Character 

Redaction to 
VAcnom 

Oscillation 
Freouency 
in vacuo 

Are 

Spark 

X+ 



4 

0*71 

12*3 

41596^ 


4 

ft 

•1 

619*6 


4 

ft 

•I 



12 

II 

It 

» 658*4 


2n 

It 

II 

685*3 


2 

,1* 

•I 

693*7 


2ii 

•1 

fi 



2a 

•1 

1 ft 

706 


2 

ft 

12*4 

713*1 


2n 

•» 

•I 

740 


18 

If 

II 

763*9 


2n 

If 

II 

780 


2 

ft 

II 

805*4 


4 

* II 

II 

818*8 


8 

11 

II 

832*3 


2 . 

•1 

If 

845*9 


2 

•I 

II 

867*1 


2b 

•1 

* .. 

864 


2 

•1 

•• 

880*5 


2 

It 

II 

889*9 


6 

Ik 

11 

900*2 

■i 

4 

II 

•• 

904*0 


2b 


If 

916*4 


8 

•I 

ti 

932*5 


2a 


II 

941*9 


16 

* t* 

ft 

958*8 


10 


12*6 

986*7 


2a 

If 

II 

999 


10 

II 

It 

49017*8 

f 

2b 

•1 

It 

057 


2a 

»i 

*> 1 

077 


2 

•I 

I* 

097*2 


2a 

1* 

If 

108 


10 

0*70 

II 

12&6 


2 

II 

II 

13?4 


6 

I* 

II 

159*6 


18 

II 

•1 

160*6 


8 

II 

« 

II 

222*4 


2 

II 

II 

236*7 

•M’ 

4 

II 

^1. 

213*5 

16 

It 

II 

246*8 


2 

9f 

11 • 

257*3 


4 

II 

II 

•311*7 


6 

II 

If 

352*8 


14 


12*6 

381*6 


6 

»» 

If 

898*2 


2b 

II 

II 

.403*4 


2n 

II 

II 

427 


2 

II 

II 

445 


4 

II ' 

II 

455*0 


10 

•1 

tf 

500*0 


6 

II 

12*7 

610*9 

■4f 

4 

8 

•1 

99 

# •• 

516*5 

542*9 


2a 

♦ II 

II 

543*8 
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An Speoimm* 


Spark 

Intensity and 

Bednetfon to 

Speotrum 

ChaiQaetev 

Vacanm 


OfeiUation 



Spark x+ 



42571*5 
584*8 
691*3 
596*4 
606*8 
651*0 
664*2 
681*2 
696*3 
711 
724 
740*3 
768*8 
772*1 
791*8 
803*0 
805^8 
826*8 
833*6 
871*4 
880*4 
8960 
900 
923 8 
939*0 
977*1 
993*9 
43017*8 
092*2 
107*8 
125*9 
136*0 
150 
169 
182*3 
V7*8 
230 
251*0 
278*7 
293*3 
298*2 
308*1 
343*8 
374*3 
403*2 
421*8 
504*8 
523-3 
533*6 
542*6 
647*6 
549*5 
559*4 
599*6 
604*8 
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Vanadzvk— 



Ofloillation 
Fre^enoy 
in vacuo 


43626 
636-7 
656*4 
674*7 
691*1 
693-3 
740-9 
760-9 
754-4 
768 
772-6 
780*8 
790*3 
814-6 
822-0 
847*1 
860-7 
868-0 
865*9 
883*1 
924*1 
9309 
937-5 
968*1 
978-2 
44002-8 
016-8 
066 
069*0 
084 
147*9 
162 
186 *^ 
197 ^ 
212-3 
216*8 
267*8 
292*6 
371*9 
399*6 
407*4 
416 
421-1 
448*1 
6438 
, 698*2 
6l6‘l 
681-2 
769-8 
888-4 
838-3 
868-2 
974-8 
999-8 
46036-6 I 
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Aro Speotrum ' 


VAXADlUU-irCMtinued, 


Spark 

Spectrum 


Intensity and 

Reduction to 

Character 

Vacuum 


-tr lu — . Rowland and Bxnerand 
Hasselberg Hanson Hoachek 


221861 
1807 
17*48 : 
16*11 



09*02 
07*83 
04*60 
02*62 
#77 
2199*72 
99*57 
98*66 
98*13 
< 95*82 
94*98 
93*03 
91*20 
90*60 
90*30 
8700 
86*02 
85*45 
84*25 
8230 ^ 
81*95 
77*3 
77*0 
750 
73*2. 
71*9 
66 * 2 * 

# €3*7 

61*6 : j 

51*9:.;^::- 

480-v>:i::’ 

. . 470- 
46*0 ; 

43*1 ■ ; 

42*0 
40*1 
39*8 
, 88*1 
37*3 
34*1 
83*0 
81*8 


Spark A4* 


0*67 13*7 


■'H'Wf.’v' »* 

i # : 13*8 



Oscillation 
Frequency 
in vacuo 


45061*5 
070*5 
. 082*3 

110*6 
114*3 
151*3 
226*8 
233*0 
2493 
255*3 
279*6 
345*9 
386*3 
446*1 
446*4 
449*5 
468-8 
479-3 
527*1 
544*6 
585*2 
608*0 
639-6 
641*8 
710*7 
731*1 
743-2 
768-3 
809*1 
816*6 
915 
921 
944 
46001 
047*5 
134 
207 
248 
456 
474 
478 
532 
551 
584 
627 
671 
712*5 
719 
756 
• 774 
I 844 
868 
894 
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Isomeric Naphthalene Derivatives. — Beport of the Committee, consisting 
of Professor W. A. Tildeb (Chairman) smd Dr. H. E. Arm- 
STBOBa (Secretary). (Drown up hy the Secretary.) 

Thb investigation of the bromo-derivstives of )9-naphthel, referred to in 
several previous report^ has been continued during the year with the 
assistance of Mr. W. A. Davi^ and practically completed. The results 
are embodied in tiie Mloving ;^les : — 




Bromo-deriT»tiTt ' . 

'Pioptrlioi . 

OonTertible by HNO, 
into 

Beniarks 


iro.1. 



* ' . 

\ 

1 

CO” ' 

dlendor needier eaaflj 
•olable in aoetio aoU^ 

. 1II.P. 

1 • Nitro • S • napbtboL 
imp-XOt®. 

* 

Beadlly dissolves in iod- 
hydrio acid, yielding 
p-naphthol. 

f 





o 

iro.r 

>00“ 

£z dibrono ITo. 1 and 
iodhydrio aoid at 
ordlnaiy t«mp«ra> 
b tare. 

From benaoae In long 
needles, m.p. 137^; 
from glaolal aoetio 
acid In masslTo ct/s- 
tals, m.p. 84^, which 
effloresce in air. 
deeroie, m.p. 103*. 

1 • Nitro • f - nspbtbol, 

t 



r ITo. 1. 





>00“ 

Ex ^•napht]|(d In 
glacial aoetia aoid 
andSBra. < 

From glacial aceUo 
acid in lustroos neo* 
dies 4- 1 moL 
mjp. 84^ ; from light 
petroleamin eleiwer 
needles, m.p. 106**.’ 
Acetate, lustroos plateSi 

2II.P. 

< 

(1) l-Nltro-6-bromo-f- 
< naphthd; from al- 
eonol in dendes 
sjTgtow needles, m.p. 

(S> I-Bromo-B>napli- 
' tbaqainone (in.p.de> 
'pendent on rate of 
nehting), and 4 : 6- 
dibromo- ^ - nH^btha- 
qidnone, m.p. 171^ ; 
nothqaii^eserystal* 

' liiie fromethylio aoe* 
tato in magniflceqt 
^<..;i«d. prisms. 4: 

Both the naphthol and 
the dibromoquiuone^ 
m.p. 1710, yield 4« 
bromophthalio add 
on oxidation with di- 
late nitrio acid. Both 
the mono- and dibih)- 
moqulnone yield with 
aniline a nuxtare of 

■CO" 

1 

■■ 

■ . • ■ , f. ' . f'r-: 

■ .'W--. 

.r-.' 

m.p. S78-87S«. 

0 • 

1 




-CQ” 

1 


'• . ' - 


m.p. 806**. 

5 

>00“ 

Ex iribroiao-napbihot 
No. 1, and Iodhydrio 
acid at 100<>. 

Fk'om Iblaono in sUky 
needles, m.p. 187*iV 
Aeetate, ox acetone in 
transparent rhombs, 
m.p. 127^. 

fr. 


When heated with 
aloobol and 

8-5 boors at loO® 
yields 3f per cent, of 
SKr* 0,v5.Br.OBt, 
m.p» f8^ 
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Jiomertc JBromo-$-y'afktkoU—oont\nv»i. 


Bromo-derlvAtive 

R&H 

Conrertible by HNO* 
into 

^ Bemarks 

Br(?) P 

.OO”- 

Ex tribromo'/l-naph- 
thol No. 8 and iod* 
t bydric acid. 

l^m benseneand light 
peCrolenm In long 
needlea, m.p. 184*8*. 
J^oHato^ oiystalllaet to 
' smaB ooloarlesa , 

needles, m.p. 87-88^. 

'■■■■■■■ ■vi/' 

V;V- ■ 

With alcohol and 
H ,804 8 hours at 
100 * yields 81*0 per. 
cent, of eMer, which 
crystallises from Slco- 
hol to 41ky tufts of 
needles^ m.p. 88 *. 

« 

r No. 1. 


..i.nLi.n . ' y 

'4: ' ' 


From aoetio add . hi 
nonrfifloreteeHtt ittfl*' 
irons needtec m:p. 
168*. 

A eetalet frottV^.; ftbyllo 
acetate An. long, 
slender, tostrona 

needles, m.p. 184*. 

Beruoate, m.p. 187^. 

(l)l-Nitro- 8 : 8 -dji- 
bromo- d - naphtbol, 
slender goldenneedles 
from alcohol; todta 
and decomposes at 
about 1 M« 

( 8 > 8 : g-Bibromo-l : S* 
naphthaqntoone, 
from ethyl acetate to 
deep • red rhombs, 
or orange-red needlea^ 
m.p. 150* ; ehangesto 
air into 

-Oj” 

6 b oxidation with di- 
InteHNO.thedibro- 
moqninone yldds 4- 
btomophthalio acid; 

. anhydride, m.p. 108*. 
With aniline the qui- 
none yields a mixture 

;CQ- 

: mp. 273-278*. 

an&ff-' 

• *■•■. 0 « 




/ySoH 

• 

• 


m.p. 213*. 

With aniline the latter 
yields an ttddUiteoom* 
jMund, 0 ,»H«OaBr. 4- 
t,H»NH„orystallialn 8 
ftom brazene in red 
prisms and deoompos- 
at 185*. 

-UU . 

*;■ NPh 

, . m.p. 208*. 

m 

1 . No, 8 . 




1, Br(?) Br 

f ^00“ 

3 By notion of bromine 

3 (excess) on dro a- 
^ uaphthol at 100 ^ 

From acetio add . Ip 
small ejftore^mi nee- 
dles 1 iiio|.^;^«Om 
m.p.159*. • 

Aeetaft, tounli^lni^ 

Pliant, 

( 1 ) l-Nitro -6 :a(T)- 
dibromo-S - naphthol, 
compact, canary-yel- 
low needles from 
bensene; on heating 
becomes orange jm 
155>ieo*, and noila 

i On oxidation both the 
jDSphtbol and the de- 
. , rired qutoone yield a 
new ddfromophthaiie 
i arid, m.p. 198-186* ; 

^’v ; gfidf dri(le,m.p. 147*5*. 

^needles, m.p..iil 8 f« 
Bbisoafe, ex etiul^luie- 
tate to slllq^pppiib, 
lll.p.184^- 

and decomposes at 
188*. 

0) -8 i 8 -IMbtomo*! ; f«' 
paphtbaqniaons;^' ^ 

niepi|mi ;imto ■ 



■ 






No. S. • 





Vtom giiDial ioetio 
aefd ulWal, ^rep> 
aesdlei (wttli 


Does not etheriily when 
heated with alcohol 
andH, 8 O«hitl 00 *. ^ 

lodhjarie 

, 4«i(9 fvoia ethyllo 
Metate to slender 
tastrons needles, ia.p. 
14T*. • 
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Itmtrio £rom«.0.iVbj>MAeZ«— oontinaed. 


Bromo^erlvatiTt*^- 



iVb.i. 

.0™, 

£z tetrabromo-/3-Dspb- 
thol No. 2 and bw«. 
, iug iodlij'drio Midi - ; 


From acotie add in flat, 
oeedlai 

(with Imd,0,B40«): 

't: 


;r«.t ..--i- 

''YSoh 


Ex ^naphthd \ In 
glacial aoetio add 
and excess of la 
presence of If^;: \,- 


3*0,1 
BrmBr . 


s 

*8 Bj excess of Br, on 
« drjf /^uapbtbol at 

H . 100^ in piosenod of 

Iron. * 


:Ft«m aoetio add In 
small < balls of 
needles iemor^onUU 
imp. 172®. 

AceitA^ from ethylle 
in long, loa- 
trelees prisma, or 
small dx-sldcd plates, 
m.p. 19M93®. 


From acetic add or 
chlofoftirm in long 
slender needles (ficfi* 
cflSorescent), < imp. 
iSF’. 

Aetuae, from ethylio 
acetate or acetone in 
small dumbbeU-Uka 
aggregates of needles, 
m.p. 166®« 


Formal along with 1 | Small, oolonrless 


and 2 In so^ quan- 
tity. 


needles from aoetio 
add, imp. m«. 

Acetate^ from aoetio 
add (very sparingly 
aolable) in felted 
mass of needles, imp, 
2100. 


in excess on di^ j|l- 
naphthol iti/. 
sence of A1 dr llBf; 
also by bromtho Hi 
tetiabromo,lfo.l ; 


item nitrobensenm 
nup. 241®. 

ex ethylio nca* 
tatm 

imp*909®« 


4dfM pirn i 



lloes not etherlfy. 
n^ote close resembUnct 
of naphthols 3 and 4 
and acetates 3, 3, 
and4. 


<t) t*Kitro.3:4:6- 
tribromo-|^Daphthol, 
dark yellow needles, 
imp. between 183- 
148®, depending on 
rate^ heating. 

(2) 3 t 6 - tribromo - 
1 : fv'naphthaqui- 
nona, from ethylio 
aoetatein large, deep- 
red nearly black 
rhombs, m.p. 190®. 

Oxidation by dilute 
HNO, converts the 
naphthol and the 
derived quinoue into 
4-bromophthalic add; 
anhydride, m.p. 100®. 

* 

<1) Nttro-^tribromo-S- 
naphthohyellow tufts 
from alcohol, imp. 
136® (decomposes). 

(9) Tribromo • /I -naph- 
thaqulnone from 
eth^o acetate In 
large red prisms^ 
m.p,m®. 

Oxidation of either 
naphthol or quinone 
gives a new dibromo- 
phthalio add, m.p. 
195-196® : anhydiidt, 
m.p. 147*3®. 

1 

Does ad^ yield a ki|p« 
oottpdlBd inlttu 
wltb^O*,bntgM 
Imeiidiatdya tetra- 
.teoniO * naphtha - 

qolnonm m.p. 141® 
(smia red needles). 

Attempts at oxidation 
hitherto uusucoessfnl. 

• ’'.f. .V 

A tetrahromo-/i-Daph« 
tb«ihtDone^m.pW®. 

■y.x'.f: 

On oxidation yields 
a trlbromophthalic 
acid.^ 

; i7: * '■ 

-.•T-r-' 

. ■ . ■ p- 

A 

• 
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^Bibliography of SpockcMopy. — Report of the Committee^ coTiaisting of 
Professor H. ]!|j!clfeoo IChairman)^ Sir W. 0 . Roberts-Austen 
I (^Secretary)^ Mr. H. G. Madan, and Mr. D. H. Nagel. 

^Thb Committoo beg to present herewith the l^t instalmen^ of the list of 
spectroscopic papers, continued until of 1900; it i» 

unnecessary to continue it farther^ as into the 

hands of the compilers of the Internatmml Papers. 

In the first report^ presented in 1881, .will be foiind A list of peis^odicals 
from which titles have been taken, but as in recent yeart th ej eprk has been 
entirely in the hands of only two members of the GommittdP^t was found 
impossible to look through all thp periodicals mentioned in tiiat list. The 
^ serials that have been recently examined are the following : — ‘ Philo- 
[ sophical Transactions,’ ‘ Proce^ngs of the Royal Society,* * Journal of 
the Chemical Society,’ * Berichte der deutschen chemischen Gesellschaft,’ 
f * Chemisches Centralblatt,’ ' Proceedings of the Physical Society,’ ^ Science 
: Abstracts,’ * Beiblatter,’ * Nature,’ and ’ Chemical News.’ The abstracts 
and notices contained in these periodicals have been verified by reference 
to the original papers, and it is hoped that all the most important con- 
tributions to the knowledge of spectroscopy have been included in the 
list. 

PAPERS ON SUBJECTS CONNECTED WITh" SPECTROSCOPY. 


The previous instalments of this catalogue will be found in the Reports of the 
Association for 1881, pp. 328->>422 ; 1884, pp. 295-^50 ; 1889, pp. 344^422 ; 1894^ pp. 
161-236; 1898, pp. 439-519. 

[In cases where it has not been found possible to verify a reference, the latter is 
placed in brackets, in the same column Ss the title of the paper. A list of the 
chief abbreviations ulbd will be found at the end of the caUdogue.] 

v-'i. 

INSTRUHENTAL, 


J. Melander 
/ 

N. Hamy 
J* Melander 

Krfiss 


Sur' un prisme A angle variable. 
(Reed Deo. 

' 

Sur un appall- l]priC|^^ant . de 
84pazer des 

, trtsvoiaines; (B4|d £0.) 

Bin Spectrometer 
•Untetfloheidung der tetturieqlien 
linien im Sonnensneotanun O SIn* 
ska Yet. Soo. Ffirfi.' zzxix. 247- 

■■ 4 '' ■ ■ ■#. 

♦ , 1898.. 


* Oefversri ef Tinska Vet. 
Soc. Ffifiiendl.’ xl. 33- 
85 ; Biedbl5tter/ xxii. 
655 (A^^ 


< C. osxv. 1092-1094. 

‘ 


^Beibl&tter; zxiii. 178-179 
(Abs.) 


- ( Speotro-photometer mit Lommer- * *Zeits6hr.f. Instnmienten- 
Brodhun’soben FrismenpaarJJan.) kunde,’ xviii.12-18 ; * Bei- 

blStter,’ xxii. 889 (Abs.) 
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bepobt-^1901 


C., Fabry and A. 
Perot. 


L. M. Dennis. 


H. C. Vogel 



A. A. Michelson 

W. Hemmdmiim 

C. Zeiss . 

C. Palfrich 

A. Jobin 
A. A. Michelsba 

C. Zeiss . 

F, Pfnhl . W. 

C. B. Mann 
H. Olsen 

W. A. Adeney and 
J. Carson. 


IiraTBiTXBirTAL, 1808* 

Bwt nn speotxosoope interf8ren« *0. R.* oxztI. 881-833; 
tiel* (BiMid Jan. 24.) * Nature/ Wit. 325 

0 L (Abs.); *Soienoe Abstr.’ 

i. 847; *011610. News.* 
^Ittvii. 82-83 (Abs.) 

Sine nene Form des Sntladen filr * ZeStschr. f. anorg. Chem.* 

Fnnkeasnsetren In Ldaungen. zvi. 10-21 ; *Beibl&tter/ 

(Jan.) zxii. 218 (Abs.); •Chem. 

" Oentr.* 1898, I. 428 

(Abs.); 'J. CSiem. Soo.' 
Izxiv. 11. 185 (Abs.) 

l^lgs Bemetlcailgett liber den * Sitzungsb. Akad. Berlin/ 
.rKirchliod*sohen 8peotralM)narat. 1898, 141-147; * Nature/ 

Feb. 17.) Iviii. 19-20 (Abe.) 

A Speoirosoope sHtbout Prisms or * Amcr. J. Sci.* [4], ▼. 215- 

Gratings. (Mareb.) 217; ^BeiblO A|r/ 'kxfff. 

555-557 (Ab/ # Science 
Abstr.^i. 387 W Nature/ 
Ivii. 500 (Ab<iT 

TerbessertesAbsorptioRsflAschcheD ^Chcm. Zeit^^g/ zzii. 
fur Spectralanalyse. (A|^l.} | 297-298 ; * Cbem. Centr.' 

1808. I. 1063 (Abs.) 


Neue Constmoiiott des ftftnmetri- ‘Zeitschr.f.Insimmeuten* 
schen Doppelspaltesnaen T. Vier- kunde/ xviii. 116-117. 
ordt, (April.) 

Ueber einige Neueinrichtungen an *Zeit8chr.f. Instrumenten- 
densDoppleprisnmdesAbbe’schen kunde.' xviii. 107-116; 
Refractometers, nnd dber die von *Beib]iitter/ zxii. 661 
. der Firma Z^sa bergestellten (Abs.); * Science Abstr .'i. 

’ BcfractometerdieserAzt. (April.) 5367 

: Spectroscope interf Aentiei de MM. * Stances de la Soo. Fran?. 
A. Perot et Gh. Falnj% (Read de Pbys.' 1898, 46*-49*. 
May 20.) 

The 'Echelon* Spectroscope.' (June.) 'Astropbys. J.’ viU. 87- 

47 ; • Nature/ Mil. 280 
(Al^.) ; * Science Abstr.' 
i. 680-592. 


Spectralapparat nAch B. A. Wdiang ' Zeitscbr. f . Instmmenten- 
sur Beleuehtung mit Licbt ver- kunde/ xviii. 209-218. 
sebiedener Welleniange*. (July.) 


Bin elnfisober ApjniiA^itt Demon- 
alietion desBrmmges^ der 
p^tetraJileb^ 

TlmJ^eionSi^^ (Aug.) 

XfehiKt eitien (Htterspeoiralapparat 
(Sept.) 


* Zeitscbr. t phys. u. cbem. 
Unteit.’ xi 159-161. 

•I8<^ce/ vUi. 208-210. 

* Zeitscbr. f . Instmmenten* 
kunde/ zvilL 280-288; 
•Belbiatter/ zzllL 567 
fAha.^ 


On the Mounting of lim large Hbv* * Proo. Boy. 800 . Dublin 
land Spectrometer m the RAyal viil. 711-716 ; 

Univemity of Ireland. (Sept.) •PhlU Mag.* [5], zlvi. 

228-227 : * Scienoe Abstr. 
ii. 98 (Abs.) 
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w, W. Campbell 

B. Straubel 

C. Zeisa . 

Fulfricli 

C. Zeiss . 

V. Schumann. 

E. A. waiang 

J. H. White 
Sir J. N. Lockyer 

C Zeiss . 

H. Starke 

P. Butler . 

C. S. Hastings 


IKSTBV1IEHTA&» 1898, 1899. 

The Mills SpecCcogiaph of the Lick 
Observatory. (Ool.)* 


Bin Belea^tuog^ apparat tUt mo- 
noohromatisohes Lioht mit festen 
I eSpalten. (Oot.^ 


Ueber Quarcspectrograt 
neuete epectrograpf^l 
apparate. (Not.) 



Ueber ein Vergleiobapei^trosoop^f^ 
Laboratoriumsswecm* (Dea) 


Tofalrefractometer (Krystalrefrac* 
tometer) nach E« Abbe. 

Verbindung nines Dichroscopes mit 
e|nem Spectrosoop, 

Von den biechbarsten Strablen 
und ihrer photographischen Auf- 
nahme. 

Ueber einen Speotralapparat eur 
Hers tellung von intensivem mono- 
chromatischem Licht. 

1899. 

Simplified Apparatus for Spectro- 
scopio Photography. (Jan.) 

•a 

A simple Spectrosoope and its 
Teachings. (Lecture, Feb. 16.) 


Keues Refraotoiiieiker mit Erhitk- 
ungseinriohtiuiir naoh Eykman. 
(March.) 

Ein Kef rimtomel^ii^BestimmaDg 
des Brechungjpjmnenten von 
Flttsiigkelten imAiiin Mioroscop. 
...(Read April . 


On the Use of FhotoM|M9^^ Filmi^^ 
in Astronomioal v^l^tdgraphy. 

► (April.) ^ 

The Miohelson Bohelon Spectro- 
scope. (Apra) 

A near of Telescopic Ob^ctive 
Bpeoifdly adapted for Speotro* 
scopio Use. (April.) 


* Astrophys. J.* viii. 12fi- 
158; «8oiinoe Abstr.'ii. 
9]|(Ab8.) 


'Ann. Pbya. u. Chem.* 
tN,F.], Ixvi. 360-362; 
* Science ,Abstr.* ii. 97 
(Abs.) ^ 


* Zeitschr. f • Instmmenten- 
kunde,’ zviit 326-331; 
pHetblfttter* xziii. 249 
vXAbs.) 1 < Science Abstr. 


ti-846. 


‘ Zeftschr. f . Inslrum&ten- 
konde,^,zviii. 381-383 ; 
*BeiUmBr,’ xziii. 249- 
260 (Abs.) 


< Neues Jahrb. f. Min. 
Qeol. u. Palaont.’«1898, 
II. 65-67. 


* Neues Jahrb. f. Min. 
Qeol. tt. PalaonU* 1898, 
II. 68-69. 

* Jahrb. f. Fhotog.* zil. 
20-22; *Beiblatter,'zziL 
841 (A^.) 

« Neues Jahrb f. Mineral.' 
Beilage-Oand zii. 343- 
404; •Beiblfitter’ zziU. 
366-858 (Abs.) 


* Scientific American/ bdz. 

43; ^Scienoe Abstr.* ii. 
739. . 

* Nature,' ' lix. 371-373, 
891-393; * Zeitschr. f. 
phys. u, chem. Unterr.' 
zii. 167-158; *Beibl6tter.' 
zzUL 684-666 (Abs.) 

* Zeitschr; f. tnstrumenten" 
kunde/. zix, 65-74 ; * Bel- 
bUEter^ 767 (Abs.)] 

* Verb. Deutsch. pbys. 

GeseU^/ L 117-122; 
*8ci0hbe Abstr.* ii. 696; 
•Beibmtter/ xxiv. 27. 29 
(Abs.) ^ 

/Nature/ liz. 614. 


• Nature/ liz. 607-609. 

‘Amer. J. Soi/ vii. [4], 
267-270; 'Nature/ liz. 
621 (Abs.) ; ' Science 

Abstr/ ii. 660. 
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iKSTBUlfBNTAL, 1899, 1900. 


A. A. MiobeUon . 

On the Echelon Speotroicope. (Bead 
June 6 .) • 

‘Trans. Phil. Soo. Cam- 
bridge/ xviii. 316-323. 

A. de Qntmont 

a" 

Sor an spectroscope de labortttoire 
& dispersion et & dohelle r^glables. 
(Bead June 26.) ^ 

•C.B.» cxxviil. 1664-1568; 
*Beiblatter/ xxiv. 178 
(Ab 9 -)» 'Science Abstr.' 
ii. 739. » 

8 . A. Mitchell 

Th^ dlreot Concave Grating Spec« 
troapop^ (June.) 

'Astrophys. J.* x. 29-39; 
'Nature/ lx. 302 (Abs.); 
' Science Abstr.’ ii. 824. 

Fb. JelUn and A. 

i diviatlon fixe. 

(June.) 

'J.dePhys.’[31,vili.314- 
319; ‘Astrophys. J.’ x. 
.837-342 ; • Beiblfttter/ 

xxiv. 462 (Abs.) ; ‘Science 
Abstr.* ii. 663. 

A. A. UicheiMn . 

* ■■ 

<• ' ■ - 

Tho Echelon Spectroscope. (Oct.) 

' Proc. Amer. Acad.* xxxv. 
111-119; 'J. de Phys.* 
[3], viii. 805-314; ‘Bei- 
blatter/ xxiv, 467-458 
^ (Abs.) 

* De P. Brace • 

On a new Spectrophotometer and 
an .Optical Method of Calibration. 
(Nov.) 

* Phil. Mag.’ [5] xlviii. 420- 
430 ; * Beibl&tter/ xxiv. 
^ 468-459 (Abs.); ‘ Science 
Abstr.' iii. 14-16. 

G. E. Hale . ^ 

Some new Forms of Speetrohelio* 
graphs. (Nov.) 

‘ Astrophys. J.’ x. 288-290. 

C. Polfrich A 

Ueber ein neues Befraotometer 
mit veranderlichen brechenden 
Winkel. (Nov.) 

' Zeitschr. f. Instmmenten* 
kunde/ xix. 336-339. 

F. F. Martens 

e 

ITeber cine NenconStnictiott des 
Konig’schen Speotralphotometer. 
(Bead Dec. 16.) e 

* Verhandl. Deutsch. Phys. 
Gesellsch.’ i. 280-284; 
' Beibliitter/ xxiv. 466 
(Abs.) 

W.H. Perkin. . 

An improved Spectrometer Scale 
Beader. (Bead Dec. file) . 

'J. Chem. Soc.’ Ixxvil. 
267-294; 'Beibliitter/ 
xxiv. 929-930 (Abs.) 

E. Beckmann 

Ueber die Erzengnng Jettohtender 
Flammcn zu speotrosoopisoben 
Zweeken mit Hllfe der Electro- 
lyse. (Zeitschr. f. Sleetirochem. 
v.a27.) 

* Beibliitter/ xxlii. 778 
(Abs.) 

L. Levy. 

Das Interferenzspectrometer von 
Ch. Fabry und A. Perot (* Der 
Medbaniker/ vijL llMlfi.) 

‘Beiblatter/ xxiii. 773 
(Abs.) 

A. Miohelson . 

♦ ' 

Star te $pMafiiqop9 4 fiohelons. 

i Ji de Phys.’ [3], viii. 306- 
814; ‘Science Abstr.’ ii. 
740. 

F.VdUrant. 

Ferfectlonnement aa^r 6 fractom 6 tr 9 
poor les cristanx microsoopiqnesr 

‘ Soo. Min. de FAiii,' 

xzli. 67>6e. 

» 

^ 1900. 


D. P. Brace • 

i 

1 On a new System for Speotral 
^ Pbotometrio Work. (Jan.) 

I ‘Aatropbjre. J.* zi. 6-24 ; 
1 • BeiblAtter,* zzl7. 779- 
1 780 (Abe.) 
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B. V. Capps 

F. F. Martens 

* 

C. Fabry and A. 
Perot 

J. Hartmann , 

C. J. Abbot and" 
F. £. Fowle 

W. S. Adams 

W, W. Campbell 

G, Ba Rizzo 


B. Beckmann 


H, C. Vogel 

^’abry and, A. 
Perot 

Hartmann ; 

H, Lehmann , 


IHSTBIXMBNTAL, 1900. 

Calibration of the ^t in Spectral 
Photometric MeasnAments. (Jan.) 


Bin Colorimeter als Zosetzapparat 
fOr SpectitMmpe mit Wellen- 
lUngescala. (Jan.) 


Konvelle aonroe de Imnl^ 



Bemerkongen Ober den Ban nnd 
die Jttstirong von ISpeotrographen. 
(Feb.) 


A Priam of Univeraai Dispersion. 
(March.), 


The Carvatipre of the Spectral Lines 
Spectroheliograph. (May.) 

A 

The Temperatnre Control of the 
Mills Spectrograph. (May.) 


Una vantaggiosa diaposizione speri- 
mentale per lo studio degU spettri 
di diftrazione dei reticoli concavi. 
(Read June 18.) 


Ueber SpectraBampen, I. i;ji 2 ne.) 


Description ofi^ ihe Spectrograt^a 
tolfet he at Fots- 

$ur les 8ouree9 ^ Inini^re^m 
chromatique. (Jn^*). 


Remarks on theConstmotfon and 
Adjustment of^cectrographi. II. 
(July.) 


Uober'Speotralapwate mlt dreh* 
l^in Qitter. (Jnly.) 


‘ Astrophys. J.* xi. 25-35 ; 
‘Science Abstr.Mii. 302; 
tBeibiatter,’ xxiv. 777 
(Abs.) 

-Phys. Zeltschr/ 1. 182- 
183; ‘BeiblStter,* xxiv. 
465 (Abs.) ; ‘ Science 

Ab8tr.’iii.627.. 

• C.B.’ cxxx. 406-409 ; 

• BeiWatter/ xxiv. 256 
(AbS;)t • Science Abstr.* 
iii.376. * 

‘ Zeitsdir. f.Instrumenten* 
knnd^'^. 17-27, 47-68 ; 
‘BeibIStter/ xxiv. 469-, 
461 (Abs.); ‘Astrophys. 
J.’ xi. 400-413. 

‘Astrophys. J.’ xi. 135- 
139; ‘Nature,* Ixi. 697 
(Abs.); ‘Beiblatter/zxir. 
993 (Abs.) 

‘Astropbys. J.* xi. 309- 
811 ; ' Science Abstr.’ iii. 
688 . . 


J.* xi. 269- 

261 } * Nature,’ Udl. 137 
(Abs.) ; • Science Abstr.* 
iii. 6S7. 

*Atti R. Accad. Torino, 
xxiv. t94^799 ; ‘ Mem. 
Soc. Spettr. Ital.* xxviii. 
241-244; • Beiblatter,* 

xxiv. 462-463 (Abs.) ; 
•Nature,* Ixi. 661-662 
(Abs.) 

‘Zeitschr. f. physikal. 
Chem.’ xkxiv. 693-611; 
‘Chem. Centr.* 1900. II. 
801 (Abs.); ‘Beiblatter,* 
xxiv. 1282 (Ab?.); ‘J. 
Chem. Sbc.* Ixxviii. 11. 
701-.702 (Abs.) 

‘Astropbys. J.’ xi. 893-. 
899; ‘Nature,* Ixii. 469 

•J.d«1'hya.'[3],ii. 369- 
382; ‘Nature,’ IxU. 350 
(Ab^J 

' Astropbys. J.’ zii. 30-47 


* Zeitschr. f.tnstrumenten** 
kunde,* xx. 193-204 ; 
•Beiblatter,* xxiv. 1115- 
1116 (Abs.) 
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BGroRT»1901. 

tsstatmiHTAL, iMoi-Bmasiott Spbotba, U07. 

F. Pasoben Bin QeUiSleFsohe R5hre mit Qaeck- | *Fby0. Zeitoohr.’ 1, 478« 

•ilber Bleoto)de# turn btudium 480. 

4es Ztenumeffaotef. (Ang.) 

C. Filtiob Bine nene Spaltvoniobtnng an *Phy8. Zeitschr*' i. 543-. 

Bpeotmiappataten. (Sept.) 644; * Beiblftiter*’ xxiv. 

Uy-1118 (Abs.); 

* Science W. 26. 

0. rnlfricb Tergleiditiipeottoeoope fOr Far- ^Zeitschr.f.Inatnimenton* 

bentacbitfber; (Oct.) kande/ xx. 299-301 > 

* Beiblattcr,* xxiv. 1277 4 
(Abe.) 

£. Beckmann Ueber BpeetaUampem IX. (Not.) * Zeltechr. f. pbysikal. 

^ Chem.* XXXV. 443-458; 

* Chem. Centr.' 1901, 1. 

1 (Abif.); * Beibliitter/ 
XXV. 37 (Ate.) 

W. H. Wrigbi The Auxiliary Appaiatns of the ‘ Astrophys. J.’ xii. 274- 
Mills Spectrograph for Photo- 278 r ‘BeiblUtter/ xxv. 

graphing the Comparison Spec- 39-fO (Ate.) 

tram. (Kov.) 

£. Beckmann Ueber Spectndlampen. III. (Dec.) * Zeitschr. f. physikal. 

Chem.’ XXXV. 652-660 ; 

* Beibliittcr,’ xxv. 129- 
,#60 (Abs.); *.T. Chem. 

Soc.’ Ixxx. 11. 81 (Ate.) 

O. Lommer Uebei nenere Interferentrefrac- * BeiblAlter/ xxiv. [371 

tometer. (* Der Hechaalker/ viii. (title). 

26-28, 37-40.) 

IL 

BMISSION SPBOXBa. 

^ 

M. W. Travers Some Experiments on Selliim. Prod. Boy. Soc.' lx. 449- 
(EeadFeb.4.) 463l •J. Chem. Soc.* 

Ixxl^, n. 376-376 (Ate.) 

O. Lohse Unteisnchnng des violetten Tbeiles Sits^ngsb. Akad. Berlin,* 

einiger linienreicber MetoUmo- 1897, 179-197. 

tren. (Read March 4.) ^ 

W. N. Hartley Experiments on the Flame Spec- • Proc. Hoy. Soc.* Ixi. 217- 
* tram of Carbonic Oxide^' , ' Chem. Soc.’ 

Mar. 18.) Izxiv. II. 361-862 (Abs.) 

F. £xner and. £. Ueber die nltravioletten Fnnken- * Sitznngsb. Akad. Wien,’ 
Haschek. imeetra der Blemente* Vlll. cvi. II.a, .387-866; 

(Read May 13.]^ , *l^ience Atetr.* i. 196. 

B.Riuo Rioereiie spetlRm snll’ ^Atti R. Accad. Torino,’ 

argon. (Bead MAy28.) xxxii. 670-679; * Bei* 

t H blatter,* xxli. 666 (Abs.) 

de Boisbau* Examen de qnelqaes spectres. * C. B.* cxxiv. 1288-1290, 

(Read Jane 8 and Xl.)"* 1419-1421 ; * Chem. 

/ • News,* Ixxvi. 46-47 

(Abs.) 

' Bi^fSxner and B. Ueber die nltravioletten Funken- * Sitzungsb. Akad. Wien,’ 
^chek. spectra der Blemente. IX. 'ovi. ll.a, 494-620; 

(Read July 8.) ^ * Science Atetr.* i. 248. 
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A. de Gramont 

»• • 

» 

H. L. Callendar and 
N. N. Kvans. 

A. Jj. Foley . 

11. Koncn 

II. Hasselberg 

J. R. Rydberg 
S. Forsling . 

F. Rxncr and E. ! 
Haschek. I 

H. Wilde . . I 

E. Rancken . . | 

J. M. Eder and » 

K. Valenta. » 1 

^irkeland . 

I. Hamy , ^ 


' Emission Spectra, 1897, 1898. 

Sur lo specitro da carbone* (Read i * 0. R/ czzv. 172-175. 

I July 10.) ! • 

Sur le ipectre des lignes da car* * C. R.’ exxr. 238-240. 
bone dans lee eels fondue. (Bead 
July 26.) 

The Behaviour of Argon In X-ray ' Nature/ IvL 624-625 : 
Tubes (Aug.) . * Brit. Aesoc«i! Rep.* 1897, 

^ L ; 553 (Abs.) 

Arc Spectra. (Sej^) ‘ *Phya Review,* v. 129- 

161 * Science Abstr.’ 

i. 65. 

Ueber die Speotren des Jod. (Bonn ‘Ann. Fbys. u. Chem.* 
Dissertation, Oct. 1897.) [N. F.], lx v. 267-286 ; ‘ J. 

Chem. Soc.* Ixxiv. II. 
493 .(Aba); ‘Nature,* 
Iviii. 335 (Abs.) 

Untersuchungen dber die Spectra ‘Handl. k. Svensk. Vet. 
dcr Metalle im electriseben Flam- Akad.* xxx. 20 pp. 
menbogcn. IV. Spectrum des 

*Astropbys. J.* vi. 233- 
2.S8; ‘Nature,* IviJ. 167 
(Abs.) 

‘ Bibang till K. Vet. Akad. 
Handl/ xxiii. Afd. i. 
No. 6, 20 pp. ; ‘ Bei- 
blfitter/ xxiii. 484 (Abs.) 

* Sitzungsb. Akad. Wien/ 
spectra der Eletnente. X. (Read cvi. II.a, 1127-1152. 

Dec. 16.) ^ 

On New Spectral lanes of Oxygen. * Chem. News,’ Ixxvi. 288. 
(Deo.) 

Untersuchung Qber das Linien* ‘Zeitschr. f.anorg. Chem.' 
spectrum des Scbwefels. (Dis- xviii. 86 (Abs.) ; * Chem. 
sort. Helsingfors, 52 pp.) Centr.* 1898, II. 1004 

(Abs.) ; ‘ Beiblatter,* 

xxiii, 96-97 (Abs.) 


1898. • 

Das Linien-speotmm des SlUcium. ; ‘Sitzungsb. Akad. Wien,* 
(Read Jan. 13.) j ovii. n.a, 41-43^ ‘Bei* 

' blatter,* xxii.J74 (Abs.) ; 
*Cfaem. Centr.* 1898, I. 
1095 (Abs.) ; ‘ Chem. 

News,* Ixxvii. 206. 

Sur le spectre des myotis oatho* * 0. R.’ exxvi. 228-231 ; 
diques, (Read Jan. 17.) ‘Beiblatter/ xxii. 174- 

175 (Abs.) 

Sur le spectre du cadmium dans ‘ C. R.’ exxvi. 331-234 ; 
. un tube A vide. (Read Jan. 17.) ‘ Beiblatter,* xxii. 163 

(Ab.s.) ; * Chem. News/ 
Ixxvii. 71 (Abs.); ‘J. 
Chem. Soo.’ Ixxiv. II. 
321 (Abs.) 


Mangans. (Read Nov. 10.) 

i The New Series in the Red Spec* 

I tram of Hydrogen. (Nov.) 

I 

OmPraseodldy mens spectra. (Read 
Dec. 8.) 

j 

Ueber die ultravioletten Funken- j 


1901. 


H 
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SMlSaiOK BPBOTftA. 189S. 

A. Perot and C. j Ktade de quolques radiations par *0. li/ csxvi. 407-410; 
Fabry/ * • la speotroscopie interf^rentieile* * Nature/ Ivii. 859 (Abs.); 

CRwd Jnn. 81.) ‘Sdonco Abstr/ i. 247 ; 

^Beibliitier/ xxlii. 29410 
(Abe.) 

' • 

F. Kxner and E. Ueber die nltraFioletten Punken* ^Sitsnngsb. Akad. Wien/ 
Haschek. spectra der Elemente. XI., XII., evii. 102-200, 792-812, 

XIII.,XIV.MItth. (ReaciFub.iq. 813-887, 1335--1380; 

July 7, Dec. 15.) **Wlen. Anz/ 1898, 182 

(Abs.) 

A. Schuster ^ Profs. C. Bunge and P. Pnschen’s i ‘ Nature,’ Ivii. 320-321. 
Besearches on the Spectra of ; 

Oxygen, Sulphur, and Selenium. ! 

(Feb.) 

H. Kayser On the Arc Spectra of the Plati- * Astrophys. J.' vil. 93- 

num Group. 1.. II. (Feb.) j 113,173-197. 

H. Rubens and E. Beobachtungen (iber Absorption I *Ann. Phys. u. Chew.' 
Asclikinass. ' und £mis.sion von tVasserstoif ; [N.F.] Ixiv. 5S4-601. 

und Kolilensnure im ultraroten j 
Spectrum. (March.) 

£. Demar^ay Sur le spectre ct la nature du [ • C. R.* csxvi. 1039-1041; 

n4odynie. (Read April 4.)' *Chcm. Centr.' 1898,1. 

101 (Abs.) 

0. C. Schmidt Snr Ics radiations ^mises par le | * C. R/ oxxvi. 1264. 

thorium et sea composds. (Head 
April 23.) 

II. A. Rowland and The Arc-spectrum of Vanadium. ‘Astrophys. J.’ vii. 273- 
C. X, Harrlion. (April.) 294; * llcibliitter/ xxii. 

^ 841-842 (Abs.) 

Arc-spectra of Zirconium and Lan* * Astrophys. J.’ vil. 373- 
thanum. (May.) 389. 

W. Ramsay and On a new Constituent of Atmo* j * Proo, Roy. Soc/ Ixiii. 
M. AV. Travers. spheric Air. (Bead June 0.) 405-408 ; ‘ Chem. Nows,* 

lx.xvii. 287 ; • Nature/ 

Iviii. 127-128. 

H. Moissan ' and ftecherches spectrales sur Pair • C. R.' exxvi. 1680-1691 ; 
II. Deslandres. atmosph5riqne. (Scaled pocket ‘Chem. Centr.* 1898, II. 

deposited May 11, 1896; opened 82 (Abs.) ; ‘ Chem. Nows/ 

and read June 13, 2898.) IxxvH. 288. 

C. Fabry and A. Snr made des radiations du ‘ C, R/ exxvi. 1706-1708 ; 

mercure, et la mesure de leurs • Science Abstr.* i. 640 ; 

longueurs d*onde. (Read June 13.) • Beibiatter/ xxiii. 781 

(Abs.) . 

W. Ramsay and On the Companions of A rgon.l • Prod? Roy. Soc.* ixiii. 437. 
M. \V, Tiavens. (Head June 16.) ' 440; * Chem. News/ 

IxxviiL 1-2; "Nature/ 
iviii. 182-183. 

T> N. Thiele I Resolution Into Series of tho Third * Astrophys. J.* vUi. 1-27 ; 

Band of the Carbon Band Spec- ^ ‘ Beibiatter/ xxiii. 867 

(Abs.) 



ON THE BIBLIOUKAPHY OF SPECTROSCOPY. 


Emission Spbctba, I8ss. 

£. Jewell The structore of the shading of 

the H and K and some other lines 
in the Spectrum of the sun and 
arc. 


J. M. Ecler and Spectralanaljse der. Leuchtgas* 
E. Valcnta. ftamme. (Head July 7*) 

Ueber das Funkensp^rum. des 
Calciums und des Lithiumst uod 
seine Verbreiterungs und TTm* 
kcbruiigserscheinungen. (Bead 
July 7.) 

A. Schuster The Spectrum of Metargon. (July.) 


Rnrasay, M. W. The Spectrum of Metargon. (July.) 

Travers, t'lnd E. 

C. 0. IJaly. 

Nasini. F. Ander- Terrestrial Coronium. (July.) 

lini, and U. Sal- 

vadori. 

. Kalahnc Ueber die Spectra ciniger Elemente 

bei der stetlgen Glimment- 
ladung in GeissleFschcn Rdhren, 
und die Abhaugigkeit der Licht* 
strahlung von Stromsturke und 
Druck. (July.) 

Dewar Metargon. (Aug.) 

. S. Hutton . The Compound Line^Spcctrum of 

Hydrogen. (Sept.) 


. Erdmann • . \ Ueber die fatbige Abbildung der 

Emissionsspcctra. (Sept.) 

. C. C. Ealy . Helium in the Atmosphere. (Sept.) 

r W. Crookes . Helintu in the ^tmoephere. (Oct.) 


M. Eder and Ueber das rothe Spectrum des 
E. Valenta. Argons. (Bead Ooi. 24.) 

Yorlunfige Mitthetlung ttber das 
•Spectrum des Chlors. (Bead | 
Nov. 17.) 

• D. Llveing Onthe Flamc-spectrumof Mercuiy% | 

and its bearing on the Distribu- j 
tioh of Energy in Gaseg. (Bead ; 
Nov. 28.) I 

• Ramsay Spectrum of Krypt i 




* Johns Hopkins Univ. 
Circ.’ jnriif 62^3; ^Astro- 
phys. J.' Tift 51^6.3; 
*Beiblatter/ xxiii. 

360 (Abs.); ‘Nature/ 
Iviii. 280 (Alra.) 

‘Denkschr. Akad. Wien/ 
Ixvii. 12 pp. ; * Beibliitter/ 
xxiii. 25U262 (Abs.) 

^Denksebr. Akad. Wien/ 
bevii. 11 pp. ; ‘ Chem. 
Centr.’ 1898. II. 1118 
(Abs.); ‘ Bei blatter/ .xxiii. 
250-251 (Abs.) 

* Nature/ Iviii. 199, 269- 
270 ; ‘ Beibliitter/ xxii. 
613-514, 772-773 (Abs.) 

‘Nature/ Iviii. 245-21G; 
‘ Beibiatter/xxii. 772-773 
(Abs.) 

‘Chem. News/ Ixxviii. 43 
(from the * Times * of 
July 20) ; ‘ Beibliitter,* 
xxii. 842 (Abs.) 

‘Ann. Phys. u. Chem.* 
[N.F.], Ixv. 615-848 ; 
‘ J. Chem. Soc.* Ixxiv. II. 
649 (Abs.) ; ‘ Science 

Abstr.’ ii. 1 4. 

‘Natur^ Iviii. 319. 

‘ Phil. Mag/ [5], xlvi. 338- 
343; ‘J. Chem. Soc/ 
Ixxvi. II. 3 (Abs.) ; 
‘Chem. Centr.* 1899, I 
12 (Abs.) 

‘ Naturw. Rundschau,' xiii. 
465-467. 

‘ Natofe/ IviM. 545. 

‘Nature, Iviii. 670; 

‘ Chem. News,* Ixxviii. 
198-199. 

‘Monatsh. f. Chem.* xvi. 
893-895 ; ‘ J. Chem. Soc.* 
Ixxiv. II. 2-4 (Abs.) ^ 

•Wien. Anz.* 1898, 262- 
255. 


•Proc. Phil. Soc.* Cam- 
bridge/ X. 38-48; ‘ Bei- 
bliittcr/ xxiii. 781 (Abs.) ; 
• Nature,* lix. 142 (Abs.) 

Nature/ lix. 63. 

M 2 
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J. Trowbridge . 


E. Demar*;ay . 


P. Curie, Mme. 
Curie, and G. 
nemoni 


E. S. Ferry . 


J. M. Eder and 
E. Valcnta. 


Mme. S. Curie 


A. Schuster and G. 
Uemsalcch. 


J. W, Kicharda ^ 


J. M. Eder and- 
E. Valenta. | 

Jj. E. Jewell 


C. Fabry and A. 
Perot. 


A. Perot and C. 
Fabry. 

C. Range 


W. W. Campbell 


Emission Spectra, 1898, 1899. 

; Some Results obtained with a ; ‘ Proc. Phya. Soc.* xvii. 
Storage Battery of Twenty Thou- ' 651-S6J ; ‘ Nature/ Ixii. 
sand Cells. (Address at a meeting J 325-327. 

...I! a ... A t .1 N ** 


* C. . R.» cxxvii. 1218 ; 

* Chcra. Contr.* 1900, I. 4 
(Abs.) ; * J. Cheni. Soc.’ 
ixxviii. JI. 8.3 (Abs.); 

‘ Cbcni. News/ lx.xix. 13. 

•C. R.* cxxvii. 1215-1217; 

‘ CUiem. News/ Ixxix. 1-2 ; 

* Nature/ lix. 232 (Abs.); 

* Science Abstr.’ ii. 280. 

A Photometric Study of the Spectra * Pbys. Review/ vii. 290- 
of Mixtures of Gases at Low Pres- 306 ; ‘ BeiWiittcr/ xxiii, 
surcs. (Dec.) 251 (Abs.) 

Die S|)eotren des SchwefeJs. * Bei blatter, ’xxii 773(Abs.) 
(‘ Donksebr. Akad. Wien/ Ixvii. 

97-151.) 


or inc Aiucr. Acaa. j.rcc. n.) 

Sur le spectre d*une substance radio- 
active. (Read Dec. 26.) 


Sur line nouvelle substance forte- 
ment radio-active contonue dans 
la pecliblende. (Road Dec. 26.) 


1899. 


Les rayons do Becquerel et le * Rev. gen. des Sciences,* 
Polonium. (Jan.) j x. 11-50; ‘Cbcm. New? 

Ixxix. 77-78 (Ab.s.) 

The Constitution of the Electric ' ‘ Proc. Roy.* Soc.’ Ixii 
iSpark. (Read Fob. 2.) 331-336; ‘Nature/ lix 

i 350-352; ‘Chem. Nows, 
l.xxix. 62-64. 

, ? 

Koto on the Spectra of Hydrogen, i ‘ Amer. Clieiii. J/ xxi. 
(Feb.) j 172-174; ‘(3ieni. Centr/ 

o I 1899, I. 659 V Abs.); ‘J. 

I Chem. Soc.* Ixxvi. II. 
I 266 (AbH.); ‘Chem. 

I News,’ Ixxix. 159-160. 

Das Spectrum des Cblors. (Read ! * Denkschc. Akad. Wien,’ 

April 13.) , Ixviii. 437-147. 


Notes on the Paijers of Hartley and * * A.stropby8. J.’ ix. 229- 
Ramage concerning the Spcctnun 230 ; ‘ Beibliilter,’ xxiii. 
• of Gallium and the Spectra of : 789 (Abs ) 

Meteorites. (April.) 

Sur une source intense de lumi^re i «C. R/ cxxviii. 1156- 
monochromatique. (Read May 8.) 1158; 'J. Chem. Soc/ 

I Ixxvi. If. 261 (AKs.); 

i • Science Abstr.’ ii. 659. 


Sur ralimentation des tubes de 
M. Michelson par di verses sources 
51ectriqaes. (Read May 15.) 


‘6. R.* oxxvlii. 1221- 
122:»: 'Science Abstr. 
il. QOS. 


On the Red End of the Red Argon * Astropbys. J.’ ix. 281- 
Spectrum. (May.) 283; ‘Science Abstr.* ii* 

823; ^Bolbiatter/ xxiii. 
780 (Abs.) 

A Comparison of the Visual Hydro- < Astropbys. J/ ix. 312 - 
gon Spectra of the Orion Nebula 316; * Beibliltter/ xxiii. 
and of a Goissler Tube. (May.) 798-79) (Abs.) 
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Emission Speotra, 1890. 

Kxner and E. ( Ueber die ultravioletten Funken* \ ‘Sitzangsb. Akad. Wien.* 
Haschek. | spectra derElemente., XV. (Head I cviii. K.a, 825>859 ; 

Jane 16.) I ‘ Beiblatter,* xxiv. 100- 

• ; 110 (Abs.) 

LUober die ult^avioletten Funken- i *Sitzungsb. Akad. Wien, 
spectra der Elementc. XVI. cviii. Il.a, 1071-1121, 

I XVII. (Read Jane 16.) 112.3-1161, 1252-1266; 

I * Science Abstr.* ii. 782- 

783. 

J. M. Eder and E. j Has Spectrum des Bromg. (Read * Denksclir. Akad. Wien,* 
Valenta. July 6.) Ixviii. 623-530 ; * Bei- 

j ! bliitter,* xxiv. 260-262 

I (Abs.); *J. Cbem. Soc.* 

! : Ixxviii. II. 330 (Abs.) 

G. A, llemsalech . ! Sur les spectres dcs d^charges ’ ‘ C. R.* cxxix. 285-288 ; 

' oscillantes. (Read July 31.) ‘J. de Phys.* [.3], viii. 

652-660 ; ‘ Beiblatter,* 

xxiii. 1060-1051 (Abs.) 

* Nature/ lx. 360 (Abs.) 

* Science Abstr.* ii. 853. 

C. Range , ' The Spectra of Krypton. (Aug.) * Astropbys. J.’ x. 7.3-79 ; 

* Beiblatter/xxiv.l 08-100 
(Abs.); ‘Science Abstr.’ 
iii. 20. 

E. P. Lewis . The Spectral Sensitiveness of Mer- ‘Brit. Assoc. Rep.* 1899, 

cury in an Atmosphere of Hydro- 66(1-661. 
gen, and its inHuence on the 
I spectrum of the latter. (Sept.) 


I Ueber den Einfluss kleincr Beinien- 
I gungen zu einem Gase auf dessen 
Spectrum. (Oct.) 


R. Ka.sini, F. An- j Sopra alcune rigbe non luai osser- j 
derlini and R. j vate nella regione ultrarossa dello 
Salvador!. { spettro dell* argo. (Read Nov. 19.) 


Sir J. N. Lockyer . j Note on the Spectrum of Silicium. 
I (Read Nov. 23.) 


Aid der Cathodenatralden. (l&o.) 

B. Hasselberg . eUntersuchungen dber die Spectra 
der lAetalle im clcctrischcn Flam- , 
menbogen. V. Spectrum des | 
Vanads. (‘Handl. Svensk. Vet. 
Akad.* xxxii. No. 2, 32 pp.) 

H. Lehmann . Die nltraroten Spectren dor 
Alkalien. (‘Arch. f. Wiss. 
Photogr/ ii, 216-222.) ’ 


‘ Ann. Phys. u. Chera.* 
[N. F.], Ixix. 398-425; 
*J. Cbem. Soc.* Ixxviii. 
II. 1-2 (Abs.); ‘Nature/ 
Ixi. 93 (Abs.) 

‘ Rend. R. Accad. d. Lincei * 
[o], viii. II. 269-271 ; 
* Gazz. chim. Jtal.' xxx. I. 
189-191; ‘J.Chem.Soc.* 
Ixxviii. II. 181 (Abs.) ; 
‘ Beiblatter, ’xxiv.259-260 
(Abs.) 

• Proc. Roy. Soc.* Ixv. 449- 
461 ; • Nature/ Ixi. 262- 
263 ; * Beibliitter/ xxiv. 
262 (Abs.) 

‘Phys. Zeitschr.* i. 132- 
1.34; ‘Science Abstr.* ii. 
631. 

‘Beibliitter/ xxiii. 634 
(Abs.) ; * Astrophys. J.* x. 
343-361 ; ‘ Science Abstr/ 
iii. 308. 


* Beibliitter/ xxv 27-*28 
(Abs.) 
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L. llimimcl . 

f 

R. Pifibram . 

F. Exner and E. 
Haschok. 

C. Fabry and A. 
Perot. 

A. Ladcnber*^ and : 
C. Krui;,'el, : 

I 

II. Hasselberg • 

E. Goldstein . 

Schumann 

W. Muthniann and 
£. Raiier. 

C. C. Sclicnk 
W. B. Huff 

G. A. llemsalecli 


REPORT — 1901. 

Emission Spectra, 1899, 1900. 

Tho Spectra of Oxyijen, Sulphur, * Beiblattcr,* xxlv. 180 
and Selenium. (* Trans. Roy. Hoc. (Abs.) 

Victoria [2], xii, 14-17.) J 


1900. 


j LTcbcr das Austrian!. (Road Jan. 4.) | ‘ Sitzungsb. Akad. Wion,* 

c i X. I I. a. 10-23; 
* Monatsh.’ f. Cbem. xxi. 
148-156; ‘Chem. Centr.* 
1900, I. 340 (Abs.); ‘J. 
Chem. Sue.* Ixxviii. 11. 
347-348 (Abs.) 

Ueber die ultraviolcUen Funken- ‘ Sitzungsb. Akad. Wien,* 
spectra der Elements. XVIII. cix. ll.a, 103-109. 
Mitthcilung.[Skandiuin, Samarium, 
und Gadolinium.] (Read Feb. 1.) 

Sur la const ituiion dcs rales jaunes | * C. R.* exxx. 653-055 ; 
du sodium. (Read March 5.) j ‘ Boibliitter,* xxiv. 074 

I (Abs.) ; ‘ Nature,’ Ixi. 483 
j (Abs.) ; ‘ Science Abstr.’ 
iii. 370. 

Tober das Krypton. (Read ; ‘ Sitzungsb. Akad, Berlin.* 
March 22.) ! 1900, 212-217; ‘Chem. 

j Cciitr.’ UrtX), I. !)46-946 
(Ab.s.); ‘Chem. News,’ 
i Ixxxi. 205-207. 


Note sur les sped res dc.s d^ebarges • 
oscillantes. (March.) ! 

t 

UcV.)er Spectra von Gasgemengen I 
und von KDtlaflungahullei). (Read 
May 11.) c 

I A second Spectrum of Hydrogen 
beyond A= 185 /tfi. (May.) 


‘ J. de Phys.' [3], ix. 153 
155 ; * Boibliitter,’ xxiv. 
472 (Abs.) 

‘ Verb. Doutseb. Phys. 
Gesellscb.* ii. 110-112. 


• Astrophy.s. J.* xi. 312- 
313 ; ‘ BeiblUtter,* xxiv. 
910 (Abs.) 


Einigo Beobaebtungen uberLumin- ‘ Bcr.* xxxiii. 1748-1763; 
cscenzspectren. (Read June 5.) ‘ Chem. Centr.* 1900, II. 

233-234 (Abs.) ; * Bei- 
blUtter,’ xxiv. 1126-1127 
(Abs.) 


Some Properties of the Electric * Johns Hopkins Univ. 
Spark and its Spectrum. (June.) Circ.* xix. 63-64. 


Tho Spectra of Mercury. (June.) • Johns Hopkins Univ. 

Circ.* xix. 62; ‘ Astro- 
pbys. J.’ xii. 103-119; 
* BeiblUtter,’ xxiv. 1293 
(Alas.); ‘Science Abstr. 
iii. 960-961. 

Ueber das Bandenspectrum des ‘ Ann. der Phys.* t4]|* ii* 
Aluminiums. June.) 331-834; ‘Science Abstr. 

111. 600; ‘Nature/ Iw*; 
836 (Abs.); ‘Chem.Centr. 
1900, n. 86 (Abs.) 
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E. Demar^ay . . j 


F. Exner and £. 
Haschek. 

E. Demarf;ay . 


C. J. UolTefson . ! 
C. Rnnge , . ■ 

J. Trowbridge^ . | 

i 

! 

II. Crow , 

I 

1 

i 


H. Kaj’scr 

Sir J. N. Lockyer . 

W. Ramsay and 
M. W. Travers. 

E. Demnr9ay . , 


® Liveing and 
J* Dewar. 


0- Berndt 


Emission Spbotra, 1900. 
Sur lo spectre da radium. (Read 
July 23.) * 


Sur le gadolinium. (Read J nly 30.) 


Note on the Spectrum of 811ioon« 
I July ) , 

Sur quclques nouveaux spectres 
des terres rares. (Read Aug. 6.) 


Spectra of Mixtures. (Aug.) 


Ueber das Spectrum des Radiums. 


The Spectrum of Hydrogen and 
the Spectrum of Aqueous Vapour. 
(Sept.) 


On the Arc Spectra of some Met.als 
ns influenced by an Atmosphere of 
Hydrogen. (Oct.) 


Normalcn aus dem Bogenspeotrum 
dos Kisens. (Oct.) 

Note on the Spectrum of SUicium. 
(Read Nor. 2.) 


Argon and its Ck>mpaiiions. (Read 
Nov. 15.) 

Sur les spectres du saml^ium et 
du gadolinium. (Read Dec. 10.) 


On tho Spectrum of the more Vola- 
tile Gases of Atmospheric Air, 
which are not. condensed at the 
Temperature of Liquid Hydrogen. 
PrfiiminaryNoticc. (Read Dec, 13.) 

Ueber die Spectra von Radium 
und Polonium. (Dec.) 


* C. R.’ oxxxi. 258^2.59 ; 
'Beiblatter/ xxiv. 1121 
(Abs.); ‘J. Chem. Soc, 
Ixxviii. IL 586 (Ab.s.) 

‘C. R.* cxxxi. 343.345; 

• Chem. Centr.’ 1900, II. 
657 (Abs.) ; *Chem. News,* 
Ixxxii. 97-98. 

■Astrophys. J.’xil. 48-49; 

* Science Abstr.* iii. 950. 

•0. R.* cxxxi. 387-889; 
‘J. Chem. Soc.* Ixxviii. 
II. 656 (Abs.) ; < Science 
Abstr.* iii. 8i>4 ; ‘Chem. 
News,* Ixxxii. 127. 

*Phy8. Review,* xi. 101- 
104. 

*Ann. der Phys,* [4], iii. 
742-745; ‘Nature,’ Ixii. 
568 (Abs.) ; * Science 

Abstr.’ iii. 853-854. 

‘Amer. J.Sci.* [4], x. 222- 
2;K); ‘Nature,’ Ixii. 568 
i (Abs.) ; ‘ Phil. Mag.’ [5], 

, 1. 338-347; ‘ J. Chem. 

! Soc.* Ixxviii. II. 701 
! (Abe.) 

‘Phil. Mag.’ [5], 1. 497- 
605 ; ‘ Astrophys. J.’ xii. 
167-175; ‘Nature,* Ixiii. 
1 14 (Abs.) ; ‘ Science 

Abstr.* iv. 24. 

‘Ann. der Phys.* [4], ii. 
195-203. 

‘Proc. Roy. Soc.* Ixvii. 
402-409 ; ' Chem. Centr.’ 
1901, 1. 436 (.\bs.) 

‘Proc. Roy. Soc.’ Ixvii. 
829-333 (Abs.) 

•C. R.’ oxxxi. 996-998; 
‘ Beibliitter.’ xxv,193-194 
(Abs.) ; ‘ Chem. News,’ 
Ixxxiii. 11 (Abs.) 

‘Prcc. Roy. Soc.’ Ixvii. 
467-474 ; ‘ Chem. News,* 
Ixxxiii. 1-2, 13-16 

‘Nature,* Ixiii. 189-190 
(Abs.) 

‘ Physikal. Zeitschr.* ii. 
180-181 ; * Beibliitter,* 

, XXV. 38-39 (Abs.); ‘ Chem. 
News,* Ixxxiii. 77-78 ; 

* * Science Abstr.’ iv, 235. 



IW RErORT — 1901. 

Emission Spectra. 1900— -Absorption Spectra, 1898. 

W. N. Hartley Spectram of Cyanogen. * Eroc. Roy. Soc. Dablin.' 

* ix. 289-297. 

If. Lehmann . Die ultraroten Spectren. (Froi- * Beiblilttor/ xxiv, 1119- 

burg i. B. Univ. Buchdr. Chr. 1120 (notice.) 

Lehmann Nachf., 13 pp.) 

IIL 

ABSORPTION SPECTRA. 

1894. 

G. Kriiss and E. Ceber die Ldsungsnstand des Jod, ‘ Zcitsclir. f. anorg. Chem.' 
Thiele. nod die wahrschelnlicfao Ursachc vii. 52-81 ; * J. Chem. 

der Karbenuntcrscbiede bciner Soc.' Ixvi. IT. 445-416 
Losnngen. (Jan.) j (Abs.) 

1897. 

G. Dimmer Uebcr die Absorptionsspectrcn j * Sitznngsb. Aknd. Wien.’ 

von Didymsnlfat und Keodym- ! cvi. II.a, 1087-1102. 
ammonnitrat. (Read Deo. 16.) j 

1898. 

D. F. Harris Some Contributions to tbeSpectro- ‘Proc. Boy. Soc. Edin.’ 

ficopy of Hioriioglobin and its . xxii. 187-208. 

Derivatives, (Head Feb. 7.) ^ 

W. X, Hartley and The Ultra-violet Absorption Spectra ‘J. Chem. Soo.* Ixxiii. I., 
J, J. Dobbie . of some Closed-chain Carbon Com- 598-606 ; ^Cliem. News,' 
l>ound8. ( Read Feb. 17.) Ixxvii. 103 (Abs.); ‘ Na- 

ture,' Ivii. 430 (Abs.) 

Notes on the Absorption Bands in ‘J. Chem. Soc.* Ixxlii. I. 
the Spectrum of Benzene. (Read 695-697; ‘Chem. Centr.* 
Feb. 17.) ! 1 899, 1. 198-199 ; ‘ Chem. 

^ News,' Ixxvii. 103 (Abs.); 

* ‘ Scioj|^e Abstr.' ii. 739. 

G. Urbain . , ! Sur une nouvelle m5ihode de frac- * C. R,* exxvi. 835-838 ; 

tionnement ties terres yttrlques. * Chem. Centr.' 1898, 1. 
(Read Mar. 14.) | 879 (Abs.); *Cbeni. 

News.’ Ixxvii. 147-148 
(Abs.) 

0. Boadouard Sur le n5odymc. (Read Mar. 21.) ‘ C R.’ exxvi. 900-901 ; 

• ^Chem. Centr.' 1898,1. 

983 (Abs.); ‘Chem. 

News,’ Ixxvii. 193. 

C. A. Schunck A Photographic Investigation of { ‘Proc. Roy. Soo.' Ixiii. 

the Absorption Spectra of Chloro- 389-396; ST. Chem. 

phyll and its Derivatives in the Soc.* Ixxvi. II. 640(Abs.) 

Violet and Ultra-violet Region of • 
the Spectrum. (Read Mar. 24.) 

II. Rubens and E. Beobachtungen fiber A^orption 'Ann.^Phys. u. Chem. 
Aschkinass . und Emission von Wasserdampf [N.F^, Ixiv. 584-601; 

iind Kohlensuure ira ultrarotben Nature,* Iviii. 93 (Abs.) 
Spectrum. (March.) 

V. Arnold Uebcr die Heller'scbe Probe zum ‘Reri, Klin. * Woohensch. 

Nacbweis des Blutfarbstoffes im xxxv. 283-286; ‘Chem. 

Ham. (March.) Centr.* 1898, I. 1002. 

(Abs.) 
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ABSOBPTIOlf 6 peotra« 1898, 1899. 

K, Dcmar?ay. . j Sur lo spectre ct la nature du *C. R.* cigtvl. 1087-1041; 

n^odyme. (Head April 4.) ^ ‘ Beiblattor/ xxlii. 401 

(Abs.); ‘J. Chem. Soc.* 
Ixxiv. ir. Cl 8-519 (Abs.); 

‘ Chem. News,' Ixxvii. 
2)9-220. 

E. Zsigmondy . I Ueber wiisaerige Losungcn metal- ‘Ann. Chem. u. Pbarro.* 
lischen Goldes. (April.) ccci. 29-54 ; * J. Cbena. 

Soc.’ Ixxiv. II. 522-523 
(Abs.) 

K. Angstrom. . I Om absorptions fermogen hos en ‘Oefvers. af K. Vet. 

sotad yta. (Head May 11.) Akad. Forh.* Iv. 283- 

295; ‘ Beibliitter,* xxiii. 
97-98 (Abs.) 

Presence des ctiloropbylles dans un ‘C. R.' czxvii. 119-121; 
Nostoc cuUiv5 A I’abri de la * Chem. Centr.' 1898, II. 

Iumi5re. (Read July 11.) 493-494 (Abs.) 

Ceber das Hamocbromogen. (July.) ‘ Zeitschr. f. physiol. 

Chem.' XXV. 492-50G ; 
‘Chem. Centr.' 1898, 11. 
122-123 (Abs.); ‘J. 

Chem. Soc.' Ixxiv. I. 
720 (Abs.) 

O. D. Liveing On the Variation of Intensity of ‘ Proc. Phil. Soc. Camb.' 

the Absorption- Bands of different x. 40-44; * Science 

Didymium Salts dissolved in water, Abstr.* ii. 379-380 (Abs.) ; 

and its bearing on the Ionisation ‘ Nature,’ lix. 142 (Abs.) 
Theory of the Colour of Solutions 
of Salts. (Read Nov. 28.) 

Ueber die Absorption des Uranyl- ‘ Ann. Phys. u. Chem.' 
salze. (Dec.) [N.F.], Ixvi. 1128-1148; 

‘ Nature,' lix. 347 (Abs.) ; 
^ ‘ Science Abstr.' ii. 78. 

Om iMiseodidyms spectra. ‘ Bibang till K. Vet. 

Svensk. Akad. Handl.’ 
xxii. I. No. 5, 20 pp. 

Bin Beitrag sum Blutnacbweis. *Chem: Centr.’ 1898, I. 
(Vierteljabrscbrift fur gericht. 417-418 (Abs.) 

Med. 1898, 111.) 

Verschiebung der Absorptions- ‘Beibiattcr^xxii. 774-77£^j 
streifen in versebiedenen Losungs- (Abs.) 
mittoln. (luaug. Biss. Erlangen, 

33 pp.) 

Ueber Praseodidym und dessen ‘ Zeitschr. f. anorg. 
wichtigste Verbindangen. Chem.' xvii. 310-326 ; 

•J. Chem. Soc.* Ixxiv. 
II. 619-520 (Abs.) 


E. Deu.<«sen 

S. Forsling 
K. Ibsen 
G. J. Katz 

C. von Scheele 


A. Ktanl and 
Bouilhac . 

E. von Zeynek 


H. Kreusler 
Baccei 


1899. 

Eine . einfaohe Metbode fur die j * Chem. Zeitung,* xxiii. 
UmRehrung des Natriumspectrum. ' 37; ‘J. Chom^ Soc.’ 
(Jan.) Ixxvi. II. 717 (Abs.) 

Sullo spettro di assorbimento dei 'll Nuovo Cimento’ [4], 
gas. (Jan.) ix. 177-191 ; ‘ BeiblAtter,’ 

xxiii, 636-636 (Aba); 
‘Science Abstr.* ii. 608. 
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REPOUT — 1901. 


A. Dastre and N. 
Flomoo . ' . 


W. N. BarUey and 

J» J. Dobbia 


W. N. Hartley 


A. Etard 


C. A. Scliuiick 


G. D. Livcing 


A. Wyntor iilyth. . : 


\V. X. Hartley, 
F. R. Japp, and 
J. J. Dobhio. 


W. Muthmann and 
L. Stiitzcl. 


L. Puedanti . 


G. D. Liveing 


zVnsoRPTiON Spectra, 1800. 

. Coniribations A r4tnde des chloro- ( *C. R.’ oxEviii. 898-^400; 
- phyllea animales. Chloropliylle | *J. Chem. Soo.* Ixxvi. 
j du foie dotf^invert^br^. (Read j II, 874 (Abs.) 

1 Feb. J8.) 


A Study of tbe Absorption Speotmm ^em. 8oc.* tov. I, 

I of Isatin, Carbostyril, and their 64G.661: *Proc. Chem. 

Alkyl Derivatives^ in relation to j 8oo.* xv, 47-48 (Abs.); 
i XautomerisiBu (Read Feb. 16.) . *Chem. News/ Ixidx. 
1 101. (Abe.); ‘Chem. 

I Centr.’ 1899, I. 788- 

i j 789 (Abs.) 

1 • ■ ; 

i On the Absorption Spectrum and j ‘ Proo. Chora. Soc.* xv. 
! Constitution attributed to Cyan- 4<U47 (AUh.); ‘Chem. 
i uric Add. (Read Feb. 16.) News,* Ixxix. 1 01 (Abs.) ; 

‘Chem. Centr.’ 1899, I. 
784 (Abs.) 

* Ann. Chim. et Phya.’ [7], 
xiii. r>5(>-574. 

* PrrtC. Iloy. Soc.* Ixv. 177- 
IHO; ‘j. Chem. Soc.’ 
Ixxxriii. IT. .‘T6-37 (Abs.) 


; Les chlorophylles. (April.) 

i 

j Yellow Colouring Matters accoin- 
I pnnying (Chlorophyll, and their 
S[iectro.'«copic Relations. (Rear I 
May IS.) 


On the Influence of Dilution, Tem- ‘J. Chem. Soc.* Ixxviii. 
perat u re, and other drcumstanc<‘.s, U. .'>17 (Abs.) 
on the AlKsorption S(»ectm of 
Didyinlum and Erbium Salts. 

(Read June r>. ) (‘ Trans. Phil. Soc. 

Cambridge,’ xviii. 298-315.) 


The Vltra-violet Absorption Sped ni ‘ J. Chem. Soc.’ Ixxv. 
of Albununoid.s in relation to that 1 1 62-1 166 ; ‘ Proc. (3iem. 
of Tvrosiu. (lUiad Jhine 16.) ^ Soc.’xv. 176-176 (Ab.s.); 

* * Chem. Centr.* 1899, IT. 
257 (Abs.); ‘ Cheiu. 

News,* Ixxx. 33 (Abs.) 

Report on the Helafion T>etween ‘Brit. Assoc. Report,’ 
the Absorption S|x?cfra and 1899, 316-368. 

Chemical Constitution of Organi<^ 

Substances. (Interim Report.) . 

•(Sept.) 


Beitrago zur Spectralanalyse von 
Neodvm und Praseodym. (Read 
Oct. 4.) 


•Ber.’ x»ii. 265.3-2677 ; 
‘Chem. Centr.* 1899, II. 
931-933 (Abs.); ‘J- 

Chem. Soc.* Ixxviii. II* 
18-19 (Abs.); ‘ Rei- 

hmtter/ xxiv. 478 (Abs.) 


\ Ueber die Absorptiobsspectren der * Phys. Zeltschr.* i. 49-63; 
• Kohlenstoflfverbindungcn im ‘ J. Chem. Soc.* Ixxviii. 

j Ultrarot. (Vorlaufige 3Iitthd- II. 686 (Abs.) 

lung.) (Oct.) 

j On the Influence of Temperature * Proc. Phil. ’ Soc. 
and of Various Solvents on fho » bridge,’ X. 

Absorption Spectra of Didymium 1 ‘ Soienoo Abstr.* iii. 
and Erbium Salts. (Read Nov. 681 ; ‘ Nature,* Ixi. 314- 
27.) I 216 (Abs.) 
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Abborption Speotba, 1809, 1900. 

s. Fursling . . i OmAbBorptlonsspecimhos Erbium, *Bibang.tinK.yet. Akad. 

‘ Holmium och ThuliiUD. Hand!, xxiv, I, No^ 7, 

.36 pp. ; « Beibl&Uer/ xxiv. 
. 477-478 (Abs.) 

G. Bcxle. . .•! Uebet Phylloianthfn. (‘Bot. 'Chew. Centr.* 1899, II. 

Centralbl.' xz. 297..239.) 529 (Aba.) 

P. Baccei Sullo iFpetfcro di assorblm^to ^lle * II Nuovo Cimento ’ [4], 

mescolanzc gaaaoae. iz.24U253; ‘Beiblatter,’ 

/ xxUi. 636-637 (Abs.) 

V. Arnold Bin Beiirag zur Bpectroacopie dea *Cbcm. Centr.* 1899, II. 

Blutea. (* Centr. med. Wisa.* 344 (Abs.);'*J. Chem. 
XXX vli. 465-468.) * Soc.' IxzA'iii. 1. 127 (Abs.) 


1000. 

V. ArnoM Uebrr daa nentralc Ilsimatin- ‘ Chem. Centr.’ 1900, I. 

ppcctrum. (*Centrabl. f. med. 209 (Abs.) 

Wiss.’ xxxvii. 833-836, 849-851.) 

W. X. Hartley and The Absorption Bpcctra of Am- ‘J. Chem. Soc.* Ixxvii. I. 

J. J. Dobbie. inonia, Mcthylamine. Hydroxyl- 318-327; *Proc. Chem. 

amine, Alfloxime, and Acetoxime. | Soc.* xvi. 14-15 (Abs.); 
(Read Feb. 1.) j • Chem. News,’ Ixxxi. 81 

i (Abs.); ‘Chem. Centr.’ 
j 1900, 1. 581 (Abs.) 

E. Mnrchlcwski PhvHorubin, ein neues Perivat des . ‘ Bull. Akad. Cracow,* 
Chlorophylls. (Read Feb. 5.) j 1900, 63-64 ; ‘ Nature,’ 

i Ixiii. 66 (Abs.) 

W. N. llaitley . ! The Action of Heaton the Absorp- i ‘Trans. Roy. Soc. Dublin’ 
j tion Spectra and Chemical Con- i [2], vii. 253-312; ‘Na- 
stitution of S^dino Solutions | ture.’ . Ixiii. 313 (Abs); 
(Hand Feb. 21.) j ‘ J. ^em. Soc.’ Ixxx. 11. 

1 63 (Abs.) 

W N. Hartley and Spcclrographic Studies in Tauto- j ‘J. Chem. Soc.’ Ixxvii. I. 
J. J. Dobbie. merism. The Absorption Curves 498-509; ‘Proc. Chem, 

of the Ethyl Esters of Dibenzoyl- Soc.’ xvi. 57-68 ; * Chem, 
succinic Acid. (Read March 1 ’) Centr.’ 1 900, 1. 750 (Abs. ) 

M. Radais Sur la culture pure d’une algue (1 B.’ (;xxx. 703-796 ; 

verte; formation de chlorophylle *J. Chem. Soc.’ Ixxviii. 
a\ robscurit%. (Read March 19.) II. 362 (Abs.) ; ‘ Nature,’ 

Ixi. 532 (Abs.) 

B. Glatzcl Bestimmung von Absorptions- *Fbys. Zcitschr.’ i. 2S5- 

cot^heienten im ultravioletten 287; ‘ Beiblattcr,’ xxiv. 

Spectralgebiete. (May.) 476-477 (Abs.); ‘Science 

* Abstr.’ iii. 688. 

L. I’uccianti Spettrl dl assorbimento di llquidi ‘11 Nuovo Cimento' [4], 

neir ttltrarosso. (May.) xi. 241-278; ‘Beiblattcr,’ 

xxiv. 1122-1123 (Abs.); 

X * Science Abstr.l iii. 783. 

The Ultra-violet Absorption Spectra ‘J. Chem. Soo.’ Ixxvii, I. 

• Dobbie. of some Closed-chain Carbon 846-860 ; ‘ Proc. Chem. 

Compounds. II. Dimethylpyra- Soc.’ xvi. 129-130 (Abs.); 
sine, Hexamethylene, and Tctra- * Chem. News,* Ixxxi. 
hyarobensene. (Read June 7.) . 307 (Abs.) 
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\Y. N. Hartley, J. 
J. Dobbio, and 
r. G. Falliatseas. 

L. Marchlcwski and 
C. A. Schunck. 

J. FormAnek . 

P. Lemoult 

Sir J. N. Lockycr . 

A. Miethc 

C. Camichel . 

J. FormAnek . 

B. Glatzel 

B. Kobert 

H. J. Mollcr 


ABSOBPTioN Spectra, 1900. 

I A Study of the Absorption Spcotra 
; of d-Oxycarbonil and ite Alkyh 
derivatives. In Helation to Tauto- 
mcrism. (Road Juno 7.) 


Notes on the Chemistry of Chloro- 
phyll. (Read J une 21 .) 


Der Farbstoff der roicn Reihe und 
sein Absorptionsspcctrum. (Oct.) 


Relation entre la constitution 
chimique. dcs co1oxant.s du tri- 
ph^nylmcthanc et les spectres 
d'absorption do lours solutions 
aqueuses. (Read Nov. 19.) 

Further Note on the Spectrum of 
Silicium. (Rend Nov. 22.) 

Photograph ische Flatten ziir Auf- I 
nahmc von Absorptionsspcctrum. \ 
(Nov.) j 

I 

. , i 

Kemarques sur le Note dc M. | 
Lemoult intit al6e: Relation entre I 
la constitution chimique des | 
I colorants du triphAnylmethane ct I 
les spectres d’absorption de leurs } 
solutions aqueuses. (Head Dec. 10.) | 

Nachweis der Metallsalze mittels 
der Absorptions8pt.ctra]analyse 
unter Yerwendung von Alkanna. 
I., II. 


Quantitative [Jntcrsuchungen iiber. 
Absorption und Reflexion im 
! Ultravioiett. 


Beitriige ziir Kenntniss des Methil- 
moglobine. 


I Ueber gefarbte GlAscr. It. Die 
I siKJctralamdytische' Untersuch- 
j ung der Glaser (‘Ber. Dentsch. 

! pbann. Gesellsch.’ z. 234-261.) i 


‘J. Chem. Soo.’ Ixxvii. I. 
839-843; • Proc. Chem. 
Soc.’xvi. 130-131 (Abs.); 

* Chem. News/ Ixxxi. 307 
(Abs.) 

*J. Chem. Soc.* Ixxvli. 
1080-1094; ‘Proc. Chem. 
Soc.* ,xvi. ;48-l49 (Abs,) 

* J, prakt. Chem.’ [2] Ixii. 
310-314; ‘ J. Chem. Soc.* 
Ixxx. 35 (Abs.) 

*C. R.* cxxxi. 8.39-842; 
‘ BeibUitter.* xxv. 36 
(Abs.); ‘Chem. News/ 
Ixxxii. 290-291 ; ‘Nature/ 
Ixiii. 124 (Abs.) 

‘ Proc. Roy. Soc.* Ixvii. 
40.3-409. 

* Zcitschr. f . angew. Chem.* 
1900. 1199-2000; ‘Chem. 
Centr.* 1901, I. 12-13 
(Ab.s.) 

‘C.R.* cxxxi. 1001-1002; 

• Chem. News,* Ixzxiii. 
1 1 (Ab.s.); ‘Bciblatter/ 
xxv. 3G (Abs.) 


' Zcitschr. anal. Chem.* 
xxxix. 409-434, 673-693 ; 
‘Chem. Centr.* 1900, II. 
741 (Abs.); ‘J. Chem. 
Soc.* Ixxviii. II. 687 
(Abs), Ixxx. II. 128- 
129 (Abs.) 

‘ Phys. Zeitschr.* ii. 173- 
178; ‘Beiblatter/ xxv. 
35 (Abs.) ; ‘ Science 

Abstr.’ IV. 223-224. 

‘ Arch. f. d. gesammte 
Physiol.* ' Ixxxii. 603- 
630; <Chem. Centr.* 1901, 
I.- 61-52 (Abs.): ‘J- 
Chem. Soc.’ bexx. I. 242- 
243 (Abs.) 

« 

•Chem. Cebtr.’ 1900, II- 
1286-1287 (Abs.) 



ON 

THE BIBLIOORAPHY OF SPECTROSCOPY. 173 


IV. 



PHVSICAIi^ RELATIONS. 



1896. 

- 

IT. Th. Simon . | 

Uebcr cin nene.s photograpbisclics 
Photoinetrirverfahren, und seine 
Anwenrlung auf die Photometric 
des ultraviolcttcn Spectralgc* 
bictcs. 

‘Ann. Phys. u. Chem.* 
[N.F.l, lix. 90-116; ‘As- 
trophys. J.* v. 69-70 
(Abs.) ; ‘ iScience Abstr.* 
i. 55. 


1897 


J. Widmark . . : Om griinsen for det synliga spec* ] 

* tram. (Head May 12.) 

‘ Oefvers. af K. Vet. Akad. 
Forh.* liv. 287-307 ; 

‘ Bcibliitter/ xxii. 673 
(Abs.) 

A. Koiiig . . 1 

1 

Die Abhangigkeit dcr Farben- und 
Hclligkcitsgluhungen von dcr ab- 
solutcn Intcnsitat. (Head July 
29.) 

‘ Sitzungsb. Akad. Berlin/ 
1897. 871-882 ; ‘ Bei- 

blalter/ xxii. 575-576 
(Abs.) 

1). Dijkcn , . ( 

i 

f 

Die Molecularrefraction und Dis- 
persion ilusscrst verdiinnter Salz- 
irisungcn enter Henicksichtigung 
der Dissociation. 

^ Zcitschr. f. physikal. 
Chem.* xxiv. 81-113; ‘J. 
Chem. Soc.’ Ixxiv. 11. 1 
(Abs.) 

W. K«;nig . . i 

1 

Einfache demonstration des Zee- 
man'scheii Phunoniens. 

‘ Ann. Phys. u. Chem* 
[N.F.], Ixiii. 268-272 ; 

* Science Abstr.* i. 131. 

Tl. Hccqucrd . . ! 

1 

i 

} 

8ur une interpretation applicable 
au j)b6nom5uo de . Faraday ct au 
ph^noin^nc de Zeeman. (Read 
Xov. 5.) 

* C. R/ exxv. 679-685 ; ‘ J. 
de Phys.’ [3], vi. 681- 
68^; ‘Science Abstr.* i. 
56-58 ; ‘ Nature/ Ivii. 72 
(Abs.) 

T. Preston 

Radiation Phenomlna in a strong 
Magnetic Field. I. (Read Dec. 22.) 

‘Trans. Roy. Soc. Dubl.* 
[2] vi. 385-392; ‘Nature,* 
Ivii. 239 (Abs.) ; * Science * 
Abstr/ i. 538. 


The Zeeman Effect photograplied. i 
(Dec.) 

‘ Nature/ Ivii. 173, 

H. Hecquerel . 

1 

Explication de qnelqnes expC^ri- 
ences dc M. G. le Bon. 

‘ J. de Phys.’ fS], vi. 525- 
6ga; ‘NLatnrc/ Ivi. 619 
(Abs.) 

I*- Camazzi . . 

Influenza della pressionc sulP indice 
di rifrazione del gas. 

‘ 11 Nuovo Cimento * [4], 

1 VI. 385-400; ‘BeibUlttcr/ 
\xU. 661 (Abs.); ‘Science 
Abstr.’ i. 383-384. 

. W. Engelmann . ' 

• 

Vafeln und Tabellen znr Darstel- 
lung dcr Ergebnisse spcctroscop- 
i^chen u. spcctrophotometrischcn 
Beobaebtungen. (Book, Ijcipzig.) 

‘ Beiblatter/ ' xxii. 62-63 
(notice). 

A Perot and 0. 

^ a bry. 

1898. 

Sur nne nouvello m^thodo dc spcc- 
trosoopie interf6rontienc. (Head 
Jan. 3;) 

‘ C. R.* exxvi. 34-36 ; * Na- 
ture/ Ivii. 263 (Abs.) ; 
‘ Beiblatter,’ xxii. 567 
(Abs.) 
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A. Cornu « • 

T. Preston 

A, Cornu 

P. Daude 

G. J. Burch 

H. A. Lorentz . 

P. Zeeman 

G. Abati • 

J. Stscheglayew . 

A. Gotten 

A. A. MichclsoU 

£. Carvallo « 

P.. A. Lehfeldli 

W. X. Hartley and i 
II. Bamage. 

I 

} 

i 

i 


REPOST — 1901. 

Physical Relations, 1898. 

. Snr qnelquea r^sultats nouveaox 
I relatifs au plit*nom6nc decouvert 
j par M. le Dr. Zeeman. (Read 
I Jan. 17.) 

On the Modifiontioiis of the Spectra 
of Iron and other Substances 
radiating in. a Magnetic Field. 
(Rend Jan. 20.) 

Additions i\ ma note pr^cedente 
sar le ph6nom6no de Zeeman. 
(Read Jan. 24.) 

Die optischc Consianten des Na- 
triums. (Jan.) 

I 


On Artificial Temporary Colour- 
blindness, with an Examination of 
the Colour Sensations of 109 Per- 
sons. (Head Feb. 17.) 

Optisohe Yerschijnselen die met de 
Lading en de Mas.sa der loncn in 
I Verband stand. (Read Feb. 26.) 


I Measurements concerning Radia- 
I tion Phenomena in a Magnetic 
I Field. (Fob.) 

{ Ueber des Refractions- iind Disper- 
I sionsvermiigen des Siliciums in 
seinen Verbindungen. (ITcb.) 


j Ueber das Brcchungsvermdgen des 
mil Flilssigkeiten getriinkten Hy- 
drophans. (Feb.) 

i Sur les experiences d'Egoroff et 
Georgiewsky, et Pexplication de 
Lorenz. (Feb.) 

Ihediation in a Magnetic Field. 
(Feb.) 


j Recherches de precision sur la dis- 
I persion infra-rouge du quartz. 
I (Head March 7.) 

On the Properties of Liquid Mix- 
ture.s. Part. II. (Read March 11.) 

' A Determination- of the Wave- 
lengths of the Principal Lines in 
I the Spectrum of Oalliurn, showing 
their Identity with two Lines in 
the Solar Spectrum. (Read March 
16.) 


‘C. n.' cx.xvi. 181-180; 

* Nature,* Ivii. 5110(Abs.) ; 

* Science Abstr.* i. 59. 


‘ Proo. Ro}'. Soc.* Ixiii. 26- 
81 ; * Beibliittcr,* xxiii. 

299-300 (Abs.) ; * Science 
Abstr.’ i. 386. 

‘C. R.’ exxvi. 300-.301; 
‘ Nature, Ivii. 335 (Abs.) 


‘Ann. rh3's. u. Chem.’ 
[N.F.], Ixiv. 159-162; 
‘ J. Chem. Soc.’ Ixxiv. II. 
273-274 (Abs.) Science 
Abstr.’ i. 382. 

‘Phil. Trans.’ cxci. 1-34; 
* Proc. Roy. Sue.’ Ixiii. 
35-38 (Abs.) 


‘ Zitting.svcr3l. d. K. Vet. 
Akad. Ani.'iterdam,' vi. 
506-629, 555-565 ; ‘ Bei- 
bliltter,’ xxiii. 51-63 
(Abs.) ; ‘ Nature,’ Iviii. 48 
(Abs.) 

‘ Phil. Mag.’ [5], xlv. 197- 
201; ‘Science Abstr.* i. 
250. 


‘ Zeitschr. f. physikal. 
Chem.’ XXV. 353-364 ; 
‘ Beiblattcr,’ xxii, 397- 
398 (Abs.) ; * Chem. 

News,’ Ixxvii. 271 (Abs.) 

‘ Ann. Phys. u. Chem.’ 
[N.F.], Ixiv. 325-332; 
‘ Science Abstr.’ i. 382. 

* L'Edairage 51ectrique,* 
xiv. 299-300 ; ‘ Science 
Abstr.* i. 390. 

‘Astrophys. J.* vii. 131- 
j 138; ‘Phil. Mag.’ [6], 
i xlv. 348-366; 'Science 
Abstr.* i. 637-638. 


•0. R.’ exxvi. 728-731; 
‘ Beiblatter,* xxiii. 31- 
32? (Abs.); ‘Nature,* 

Ivii. 472 (Abs.)* 

•Proc. oPhys. SoeV *vi. 
03-102. 


r&ns. Roy. Soc. Dublin 
!],vii.l-6!‘A«trophy«. 
fix. 214-220; • Beibiftt- 
r/xxlv.lOT, 108 (Abf.)l 
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Physical Rklations, 1898. 


A. Cotton • . Radiations dans un champ ma^- ; 

u6tique. II. Eenvcrsoment des ! 
rates de sodium, ct application, j 
(March.) 

H. Pecquercl and i Contribution 4 rC‘tiide du ph/*no- > 
H. Dcslandrcs m^ne dc Zeeman. (Read April 4.) : 


E. S, Ferry 


II. G. Madan . 


Ueber das Vcrhilltniss der Span- : 
iiung de.s clectrischen Strdmes > 
und der ^tiirke der Strahlung der j 
Spectra reinor Gase in Vakuum- 
roliren. (Read April 13.) | 

*• 

On some Organic Substances, of ; 
High Kefractivity, available for ; 
Mounting S{>ocimens for Exami- j 
nation iin<ler the Microscope. ! 
(Head April 20.) ' 


H. Dufet 


T. Preston 


, ; Sur les propri6t6s optiques dii ■ 
j CJiloinel (protochlorure de mcr- : 
I cure). (Read April 21.) ■ 

, I Radiation Phenomena in the Mag- | 
netic Field. (April.) 


T.C. Porter . 


Contributions to the Study of ’ 
Flicker. (Rend May 2ii.) ; 


H. Edsor and C. A Simple Method of Jleduclng Pris- 
butler. malic Spectra. (Read May 27.) 


C. Klein 


P. Zeeman 


H. A. Lorenta 


E. Mendenhall 
«n<l p. A.. Saun* 
dors. 


I Die Anweiidung der Methode der 
Tutal-rellexion in derPetrographie. 
(Read May 2G.) 

Over eeno Asymmetrie in de 
Verandering der S|)ectTaallijnen 
van Ijscn bij Straling in een mag- 

• netiiich Veld. (Read June 26.) 

Beschoningen over dem Invloed 
van cen niagnetisch Veld op de 
Uitstraling van Licht. (Read 
June 25.) 

I The Energy Spectrum of an abso- 
lutely Black Body. (June.) 


wbridge . Ueber die Dispersion des Sylvins, 
and das Ketlexionsvormdgcn der 
Metalle. (June.) 


* E’Kclairagc 61ectrique,* 
xiv. 640-S47 ; ‘ Beiblattei / 
xxii. 890-891 (Abs.) 


‘ C. R.* exxvi. 997-1001 ; 
* J. Chem. Soc.’ Ixxiv. 
II. 493-494 (Abs.) ; 
‘ Science Abstr.* ii. 12. 

* Oefvers. af K. Vet. Akad. 
Forh.* Iv. 189-198 ; ‘ Bei- 
bUitter,’ xxil. 900-901 
(Abs.) 


‘ J. Boy. Micro. Soc.* 1898, 
273-281, ilS.vaSO; *Bei- 
bliitter,* xxii. 7G9-770 
(Abs.) 


‘Bull. Soc. FrimQ. Min.* 
XX i. 90-94 ; ‘ Beiblatter/ 
xxiii. 32-33 (Abs.) 

‘ Phil. Mag.* [6], xlv. 325- 
339 ; ‘ Beibliitter,’ xxii. 
888-889 (Abs.) 

‘Proc. Roy. Soc.* Ixiii. 
347-356 ; ‘ ScicnceAbstr.* 
i. 691-692; ‘ Beibliitter,* 
xxii. 855-85G (Abs.) ; 
‘ Nature,* Iviii. 188 (Ats.) 

‘ Proc. thys. Soc.*xvi.207- 
218; ‘Phil Mag.’ [6] xlvi. 
207-216 ; ‘ Nature,* Iviii. 
119(Abs.); ‘Clicm News,* 
Ixxvii. 2G0 (Abs.) 

* Sitzungsb. Akad. Berlin,* 
1898, 317-331. 


‘Zittingsvffi^ d. K. Vet. 
Akad. Amsterdam,* vii. 
122-124 ; ‘ Beiblatter,* 

xxii. 890 (Abs.) 

‘ Zit tings versl. d. K. Vet. 
Akad. Amsterdam,* vii. 
113-122 ; ‘ Beibliitter,* 

xxiii. 49-51 (Abs.) 

‘ Johns Hopkins Univ. 
I Ciro ’ xvii. 65 ; * Naturw. 
Rundschau,* xiii. 457 ; 
‘ Beibliitter, ’xxii. 770-771 
(Abs.) 

‘ Ann. Phys. u. Chem.* 
[N.F.], Ixv. 695-G20 ; 
* Science Abstr.* i. 690. 
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Physical IIblatxons, 1898. 

C. L. Poor & S. A. I The Concave Grating for Stellar j * Johns Hopkins Univ. 

Mitchell. I Photograpliy. (June.) Circ.* cxxxv. 61-02 ; 

•Astrophys. J.* vii. 167- 
JG2; ‘Nature/ Ivii. 620 
(Abs.) 

li. E. Jewell . . The Structure of the Shading of [ * Jotins Hopkins Univ. 

the 11- ami K- and some other | Circ.' xvii. 02. 

Lines in the Spectrum of the Sun 
j and Arc. (June.) ! 

J. S. Ames, R. F. ' Some Notes on the Zeeman EfTect. ‘ Astrophys. J.* viii. #8-60 ; 

Carhart, and j (June.) ‘Johns Hopkins Univ. 

H. M. Reese. { • * Circ.*xvii.63; ‘Bciblatter,’ 

xxii. 802 (Abs.) 

O. M. Corbino . j A propos do^ rintcrpr(*tation du = ‘ L*Kclairagc 61ectrique,’ 
plienomi'*nc de Zecmaii donnee | xv. 548-550; ‘Bciblatter,’ 
par M. Cornu. (June.) » xxii. 891 (Abs.) 

H. Becquerel and | Observations nouvelles sur le ph6- ; * C. R.* cxxvii. 18-24; 

. U. Deslandres. t nomine de Zeeman. (Read July 4.) ; * Beibliitter, ’xxii. 89 1-892 

(Abs.); ‘Nature,’ Iviii. 
204 . (Ab?.) ; • Science 

Abstr.* ii. 12-13. 

I ^ 

E. Aschkinass . i Uebor die Emission des Quarze.s in ‘ Verb. phys. Ges. Berlin,’ 

i demSi)ectralbereiche .seiner metal- ’ xvii.l01-10.'>;‘Beibliitter,’ 

! lischen Absorption. (Read July 8.) j xxiii. 357-B5S (Abs.) 

A. Konig . . Ueber * Blaublindheit.’ (Read i * Sitamngsb. Akad. Berlin,’ 

July 8.) i 1898, 718-73!; • Bei- 

blatter,’ xxii. 675 (Abs.) 

A. rdghi . , ‘ Di un nuovo raetodo speriraentalJ ; ‘ Rend. R. Accad. d. 

per lo studio dell' assorbimento j Lincei' [6], vii. II. 41- 
dclla luce nel cain|io magnctico. 4G ; * 11 Nuovo Cimento,’ 

I. (Read July 17.) j [4 ]. viii. 102-109; ‘Bei- 

i bliitter,* xxiii. 300-302 

c I (Abs.); ‘Science Abstr.’ 

^ ii. G61. 

„ . . I Sur I’absorption de la luml6re pro- ‘C. R.' cxxvii. 216-219; 

duitc i>ar un corps plac6 dans un * Sitzungsb.Akad. Berlin,' 

I champ magnOtique. (Redd July xxviii. 600-604; ‘Bei- 
J 25.) bliitter,’ xxiii. 300-302 

(Abs.) ; * Nature,’ lix. 263 
! i (Abs.) 

E! S. Ferry . . ! *On the Relation between Pressure, I ‘ Phys.* Review,* vif. 1-0; 

j C!urrcnt, and Luminosity of the 'Science Abstr.' ii. !»; 

’ Spectra of Pure Gases in Vacuum ’ ' Nature/ Iviii. 463 (Abs.) 

I Tubes. (July.) , * 

J. A. Reed . . i Ueber den Einfluss derTemperat nr ! ‘Ann. Phys. Chem/ 

auf die Breebung nnd Dispersion j [N.P.], Jxv. ' 707-744 ; 
einigor Krystalle and Gliiscr. I ‘ Soicnce Abetr.' i. 690. 

1 (July.) 

J. Stscheglayew . j Nachtrag zu dcr Abhandlung ‘ Anr. Phys. u. Chem.‘ 

' Ueber das Brechungsvermugen [N.F.], Ixv. 745. 
des mit FlGssigkeitcn getriinkten 
Hydrophans.’ (July.) 

F. F. Martens Streifen gleichcr Helligkeit beim ‘ZeitBohr.f.Instmmenteii* 

Durcbgang des Liebtes durch knnde ’ (‘ Belb]fitter’)t 

zwei grob getheiltc Qitter. (Aug.) 1898, 121; ‘Science 

Abstr/ ii. 163-164. 



ON THE BIRLIOGIIAPHY OF SPECTROSCOPY. 


177 


T. K. Doubt . 


D. Macaluso and 
0. M. Corbino. 


S. 3’. Thompson . 


0. Macalnso and 
O. M. Corbino . 


W. Voigt 


ll. Hccqucrel . 


R. W. Wood . 

C. Pulfrich . 

J. Hartmann . 
W. Voigt 

A. Cotton 
H. Becquerel . 


Physical Relations, 1898. 
Colour Measurement. (Aug.) 


Sopira iina nnova azionc che la luce 
Ru biscc atlraversando alcuni vapori | 
mctallici in un campo magnetico. { 
(Read Sept. 22.) i 


! On the Discovery by Righi of the 
I Absorption of Light in a Magnetic 
I Field. (Sept.) 

i i 

Sur unc nouvclle action subic par j 
la lumi6re traverjsant certaines ' 
vapours ni6ta11iqacs daD.s nn | 
ehamp magnet ique. (Read Oct. : 
:io.) j 

i TTcber d. Zusanimenbang zwischen 
I clem Ze(?man'schon und doni . 
Faradav’sehen Phiinomen. (Keatl ! 
Oct. 200 I 

i Romarquc'S sur la polarisation ro-’ 
i tatoire n)fjf»netiquo et la fli.sj>er- • 
sioii nnomalc ^a. Tocca-sion ryuno 
e,\p6riencc nouvclle de MM. ; 

• Macaluso etO. M. Corbino. (Read : 
Oct. ai.) 

On the anomalous Disper.<ion of \ 
Cyanin, (Oct.) 


j Ueber die Anwendbarkoit der ^ 
3Ietlio<le der Totalreilexion auf | 
kleine und mangelhafte Krystal- ; 
j fluchon. (Oct.) ■ 

' Ucl>or die Scale des KircbholT- ^ 
I ’seben Sonneuspcctruiu. (Read ; 
: Nov. 37.) 

j Doppelbrcchiing von im Magnet- ; 

felde beliiuilichem Natrium- i 
I dainpf in <1er Richtung normal zu ' 
ifcn Kraft iinicn. (Read Nov. 2G.) i 

Ab.sorption dans un champ mag- ; 
• n(!tique. (Read Dec. 5.) 


Sur la dispersion nnoraale ct le - 
pouvoir rotatoire magn^tique de ! 
certaines vapeurs incandescentes. - 
(Read Dec. 6.) | 


* Phil. Mag.’ [5], xlvi. 2\iU 
222 ; ‘ Sbicncc Abstr.’ ii. 
93-94. 


* Rend. R.Acc^d.d.Lincei/ 
[5], vii. II. 292-301 ; viii. 
I. 38-41 ; * II Nuovo Ci- 
mento’ [4], viii. 257- 
259 ; ‘ Beiblatter,’ xxiii. 
G72-G73 (Abs.) 


‘ Brit. Assoc. Rep.’ 1898, 
789-790. 


‘C. R.’ cxxvii. 518-551 ; 
‘ Picibliitter,’ xxiii. 298- 
299 (Abs ) ; ‘ Science 

Abhtr.’ ii. 1G7— 169 ; ‘ Na- 
ture,’ Iviii. G35 (Abs.) 

‘Gdtt. Nacbr.’ 1898, iv. 
9>29-344 : * Science Abstr.* 
ii. G01-Gt)2. 


* C. R.* cxxvii. G47-651. 
‘Nature,* lix. 47 (Abs.) 


‘ Phil. Mag.* [5], xlvi. 38d- 
38G ; * Science Abstr.’ ii. 
279 (Abs.) ; ‘ Beibliittcr,’ 
xxiii. 983 (Abs.) 

‘ Zeitschr. f. Krystallogr.’ 
XXX. 5G8-58G ; ‘Bei- 
bliittcr,’ xxiii. 354-355 
(Abs.) 

‘ Sit,ziing!iV. vUcad.Beiiin.' 
1898,742-756; ‘Science 
Abstr.’ ii. 347. 

‘Cldtt. Naelir.' 3898, iv. 
:)5G-36(); • Science Abstr.’ 
ii. 602. 


‘C. R.' cxxvii. 953-955; 
‘Science Abstr.’ ii. 164- 
1G5. 

*r. R.’ cxxvii. 899-904; 
‘ Beibliitter,’ xxiii. 509 
(Abs.) ; ‘ Nature,’ lix. 167 
(Abs.); ‘Science Abstr.' 
ii. 169. 


1901. 


N 
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J. Dewar 

W, Kaiusav and 
yi. \\\ Triivors . 

! 

K. Hagen and H. 

Rubens . . ! 

! 

A. Kighi . . ! 

j 

E. S. Ferry , 

E, van Anbel . 

B. Dongior . 

1. Kanoniiikoff 

E. S. King 

E. aiattJjWi^KriT* 

A. E. Sebiots 
E. *S. SIic;j)lj<’rd 
K. K. Smiflwik . ! 


PlIYSICAI. Rblations, 1898. 

Application of Liquid Hydrogen to 
the Production of High Vacua, 
together with their Spoetroscopio 
Examination. (Head Dec. 15.) 


The Preparation and s«)ino of the 
I’rotxiriies of Pure Argon. (Read 
Dec. 15.) 


Ueber das Retlexionsvermiigen von 
Met alien. (Uejid Deo. ll>.) 


Di im niiovo merodo spcrimrnialo ; 
per lo studio delP assorbimento 

I della luce nel c^ainpo magnctico. 

I II. (Read Dec. IS.) , 

I A Photometric Study of the Spectra \ 
of Mixtures of Gases at Low j 

Pressures. (Dec.) | 

Action de magn(jtisme sur les spec- 
tres des gaz. ! 


j Method© dccontrolc do Porientat ion j 
des faces [kiHcs d’un (jiiartz epaia i 
normal j'l Taxe. j 

U(^ber Tdchtbrechung-svermogon dcr 
Kurper in flu.s.sigcni und gasfornii- | 
gem Zustande. j 

Conversion of Prismatic into Normal 
Spectra. (Harvard Astronomical 
Conference.) 

JUcher don Einflus.s des Prozent- 
gehaltc.s und der Temperatur .auf 
da.s Brcchungsvcrmugen von eini- 
gen Zuckcrld-sungen. (Jnaug. Diss. 
Rostock, 1898, .‘M pp.) 

Ueber das Spectrum der Katho»len-, 
.strahlcn (* Christiania Vidensk. 
Solsk. Forh.’ 1898, pp.) 

I’hotographif plafj-.s and the. sjicc- I 
tniiii. (‘Joiirn. Camera Club,' xii. 
No. ITiP.) 

Ueber die Refraction von Ldsungen 
iind eine einfciolie Mothode den 
Gehalt. der J.(i8ungen vormittelst 
der Kefractioii zu Bestimmon. | 
(Chem. Oeritr. Halle, xxxix. 681.^ } 

tiftn ^ ■ 


‘ Proc. Roy. Soc.* Ixiv. 
231-238 ; ‘Science Ab.str.’ 
ii. 247 (Abs.) ; ‘ Nature,* 
lix. 280-281 ; ‘ Chem. 

News,* Ixxix. 73-76 ; 
‘Chem. Centr.* 1899, I. 
819-820 (Abs.); 'J. 

Chem. So<\* Ixxvi. II. 
741-742 (Abs.) 

‘Proc. Hoy. Soc.* Ixiv. 
183-192; ‘Nature,* lix. 
308-309 (Abs.); ‘Chem. 
Now\s,’ Ixxix. 37-39, 49- 
50 ; ‘ Chem. Ccntralbl.’ 
1899, I. 409-470 (Abs.) 

‘ ^^'rh. Deutsch. phys. 
GesollBch.’ xvii. 14^1-147 ; 
‘ Science Abstr.’ ii. 439- 
440. 

‘ Rcnd.R. Accad. d. Lincci ’ 
[5],vii. 11. 333-3.38; * 11 
Xiiovo Cirnento* [4], ix. 
295-302 ; ‘ Boi blatter, * 

xxiii. 070-671 (Abs.) 

‘ Plivs. Review,’ vii. 296- 
306. 


‘ J. de Phys.’ [3] vii. 408- 
109 ; ‘Chem. Centr.* 1 898, 
JI. 1100 (Ah.s.) ; ‘ Science 
Abstr.’ ii. 170. 

* J. de Phys.’ [3], vii. 643- 
018 ; ‘ Science Abstr.* ii. 
277. 

‘ J. Russ. phys.-chcm.Ges.’ 

XXX. 905-976 ; ‘ Chem. 
Centr.* 1899,1. 581 (Ahs.) 

‘ Nature,* lix. 330 (Abs.) 


‘ Beibliitter,* xxii. 557-658 
(Abs.) 


‘Beibliitter,* xxiii. [Pl 
^itlo). 

‘ Nature,* lix. 83-84 (Abs.) 


‘Chem. Centr.* 1898, H* 
847 (Abs.) 
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Physical Hmlations, 1898, 1899. 

R. Thalon • . 1 Ucy)er der abRoliite Bestimmung ‘ Be ibUyrter.'xxiv, 472-173 

I dcr Wellenliingen cinigcr Strahlen (Abs.) 
i des Sonnenspcctnims. (‘ Roy. Soc. 

Upsala ’ [3] (1898.) 

P. Zeeman . Sur les doublets et Ics triplets pro- ‘Arch. nSerland.* [2], i. 

duits dans lo Hi)ectre par des forces 3S3-392. 
magnC'tiques cxt6rieures. 


1899. 


A. Rigbi , . , Snr I’absorption de la lumibre par , *0. R.* cxxviii. 47-48 ; 

' iin corps p1ac6 dans un champ j * Beibliitter,’ xxiii. 510 
magnetique. (Read Jan. 2.) (Abs.); ‘ Science Abstr.* 

j ii. 167. 

D. Macalnso and j Sidle modificazioni che la luce ‘ Rend. R.Accad. d. Lincei* 

O. M. Corbiuo . ' subiscc attraversando alcuni va- [5] viii.1. 38-41 ; ‘Science 

puri mctallici in un campo mag- i Abstr.’ ii. 346. 
netico. (Read Jan. 8.) ! 

II. Bccquerel Snr la dispersion anomale de la ! ‘ C. R.* cxxviii. 14.5-151; 

vapour dc sodium incandescente, ; * Beibliitter,’ xxiii. 352- 
ct sur quelqae8Cons6quencc.s dece 353 (Abs.); ‘ J. Chem. 

phenomone. (Read Jan. 16.) Soc.* Ixxvi. II. 266 

(Abs.) ; ‘ Science Abstr.* 
ii. 442-443; ‘Nature,* 

lix. 311 (Abs.) 

T. Preston . Radiating Phenomena in a Strong ‘Trans. Roy. Soc. Dublin* 

Magnetic Field. Part II. Magnetic [2], vii. 7-22; ‘Nature,* 
I^orturbations of the Spectral Lines. Ivii. 431 (Abs.) 

(Read Jan. 18.) I 

Sir J. Conroy . On the Refractive Indices and i ‘ Proc. Roy. Soc.’lxiv. 308- 
I Oonsitie-s of Normal Solution^ and 318 ; ‘ Science Abstr.* ii. 
Somi-normal Aqueou.s Solutions | 505-506; ‘ J. Chem. Soc.* 

of Hydrogen Chloride and the Ixxvi. II. 717 (Abs.) 

I Chlorides of the •Alkalis. (Read 
I Jan. 19.) 

n. A. Lorentz . \ Trillingen van elcctrisch geladen * Zittingsversl. d. K. Vet. 

Stelsels in ecu magnet isch Veld, j Akad. Amsterdam,* vii. 
(Read Jan. 26.) | 320-340. 

A. Cotton . . ' Birefringence produite par Ic champ ‘ C. R.' cxxviii. 294-297; 

j magnetique, lifie au ph^nomene ‘ Beibliitter,* xxiii. 509- 
do Zecnuiu. (Read Jan. 30.) j iTJO (AU** * Nature,’ 

lix. 359 (Abs.)T‘ Science 
Aiistr.’ ii. 220- 221. 


O. tlobnsiono 
Stonoy. 

'I*. Preston 


C. E. Guillaume 

P. Fabry aiul A. 
Perot. 



Illu.sory Resolution of the Lino-s of | * Nature,’ li.x. 294-295. 
a Spectrum. (Jan.) 

Radiation Phenomena in the Mag- j ‘ Nature,* lix. 224-229. 

• netic Field. (Jan.) | 

I/6chello dll speotic. (Jan.) j ‘ Rov. gtin^rale de.s 

I Sciences,’ x. 6-8 ; ‘ Bei- 
! bliittcr,' xxiv. 259 (Abs.) 

Th^orie et applications d’une non- ' * Ann. Chiin. et Wiys,* [7j, 
velle m^thodo de spectroscopic xvi. 115-144. 
interf6renticllc. (Jan.) 

On the Constitution of the Electric ‘Phil. Trans.* cxciii. A. 
Spark. (B<(ad Feb. 2.) 1S9..213 ; ‘ Beibliitter, 

’ xxiv, 552-5o4 (Abs.) 

• N 2 



' 1TYSICAL Relations, 1899» 


O. Lnmmer and £.| Dio Yerthoiluug der Enorgio im 
PriDgshcUn. Spectrum der sohwurzen Korper. 

(Head Feb. 3.) 


D. Macaltiso and Sulla rclazione tra il fenomcno di 
0. M. Corbino. Zeeman e la rotaziono majrnotica 
anomala del piano di polariza- 
zione delln luoe, (Road Feb. ri.) 


0. M. Corbino 


T. Preston 


•» 


O. 31 Corbino 


Lord Rayleigh 


D. A. Goldharamer I Das Zeeman schc Phanomen, die 
I magnet ifcche Circularpolarisation, 
und die magnet ische Doppclbre- 
I (hung. (March.) 

T. Preston , | Radiation in a Magnetic Field. ; 

I (31arch.) j 

A. A. Michelson . \ Radiation in a Magnetic Field. 

(March.) j 

I 

Intorno alia qaestione dtdla pro- j 
duzione di un ciirnpo niagnetico, ; 
per opfsra di un raggio lumino.Ho 
j)olarizz.at<) circolamente. (Read 
April 9.) i 

Ueber die Vertlieilung der Energio | 

im Spectrum des scliwarzen j 

Kdrpers bei niederen Teropera- 
turen. (Read April 27.) 

The Interferometer. (April.) 

On a Graphic Method of Comparing 
the Relative Efficiencies of Ditler- 
ent SpectT 08 (K>pes (April.) 

«> 

A Chapter in the History of Spec- 
trum Analysis. (April.) 


A. Righi 

F. Paschen 

Lord Rayleigh 
D. C. Lord 

Sir J. N. Lockyer 


. i Sul battimenti Inminosi e suU* 
impossibilitA di produrli ricor- 
I rendo al fenomcno di Zeeman. 
(Read Feb. 19.) 

. I Magnetic Perturbations of the 
SpectralLines. Further Resolution 
of the Quartet. (Feb.) 

. I Radiation Phenomena in tlie Mag- ' 
' netic Field. 3lagnctic Pertiir!)a- ; 
tions of the Spectral Line.**. (Feb.) I 

I i 

. , Sulla dipcndciiza tra il fennriient> j 
di Zeeman e le altre moditica- I 
i zioni die la luce subisco dai 1 

I vapori nietallicd in un canipo j 

j inagcetico. (Read March t>.) j 

. [ Tran.^parency and Opacity. (Read 
I March 21,)’ | 


i ‘Verb, Dotttseb, phvs- 
I Gesellsoh.’ i. 23^41, 
‘ Science Abstr.’ ii. 664. 

• Rend. R. Accad. d. Lincei * 

[5], viii. I. 116-121; *11 
Nuofo Cimonto’ [4], ix. 
38-1-389 ; ‘ Rciblatter,' 

xxiii. 073-674 (Abs.) 

* Rend. R. Accad. d. Lincei * 
[5], viii. I. 171-175; 
* Science Abstr.’ ii. 340. 


‘ Xature/ lix. 367. 


* I’bil. Mag.' [5] xlvii. 165- 
J7S; ‘Scieuce Abstr.’ ii. 
413--U4. 

‘ Rend R. Accad. d. Lincei ' 
[6], viii. 1. 250-255. 


* Proc. Roy. Inst.’ xvi. 116- 
119; ‘Nature,* lx. 64-66 
(Abs.) 

* Ann. Phys. u. Chem,* 
[X.F.], Ixvii. 696-7011 

* Science Abstr.* ii. 278- 
279. 

* Nature,* lix. 485 ; * Bei- 
bliittcr,’ xxiv. 835 (Abs.) 

* Nature,* lix. 440-441 ; 

* Beibiatter,’ xxiv. 835 
(Abs.) 

* Atti R. Accad. d. Lincei ' 
[5], viii. I. 326-320; 

* Science Abstr.’ ii. 001. 


* Sitzungsb, Akod. Berlin,* 

1899, 406-420; * Boi- 

bliitter,* xxiv. 31-32 
(Abs.) ; * Science Abstr. 
il. 604. 

‘Nature,’ lix. 633; ‘Bei- 
blatfbr,* xxiv. 835 (Abs.) 

‘Astropbys. J.*- ix. 191.- 
202; ‘Science Abstr. n- 
824 ; ‘ Beibiatter,’ xxiu- 
776-777 (Abs.) 

• Nature,’ lix. 636-530. 
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Lord Rayleigh 

B. W. Wood 

L. E. Jewell 

A. Cotton 
J, W. ikiilil . 

Sir J. X. Lockycr . 
T. Preston 

A. Ilighi 

H. Wanner • 

M. Ilamy 

A. Haller and P. T. 
Miiller. 

W . de W. Abney . 

C. Bender 

w. Campbell 


PBYBICAt. BBLATIONB, 1899. 

I Transmission of Light through an 
Atmosphere containing Small 
Particles in Suspension. (April.) 

An Application of the Diffraction 
Grating to Colour Photography. 
(April.) 

The Wave-length of and the 
Appearance of the Solar Spectrum 
near the Hydrogen Lines. (April.) 

The Present Status of Kirchhoff’s ! 
Law. (April.) { 

I j 

I i 

; Phy.sikalische Eigensch.*iften einiger 
i Cainpherarten und verwandter 
Korper. 

On Spectrum Series. (Lecture to { 
W<jrking Men. May 1.) ; 

■ \ 
; Magnetic Perturbation.s of the , 
I Spectral Lines. (Read May 12.) ; 


I 

i Suir a.^sorbimonto della luce per 
part** (ii un gaz posto nel eampo i 
! magnet ico. (Head May 28.) ! 

; % 

I Notiz liber die Verbreiterung der 
I D Linien. (May.) 


I iSur la dotormination de points do : 
! rei)t>ro dans Ic spectre. (Read 
! June 5.) I 

Sur Ics r^'fractions mol6ciilaire.s. la. 
dispersion nioleculaire. et Ic pou- 
voii* .spt'cifi(]ue dcs combinaisons . 
dll cainphrc avee quelquca aide- : 
hydes aromat iques. (Read J une o. ) i 


I The Colour Sen.«ations in Terms of 
Luminosity. (Read June 15.) 


Rrcchungsexponenten reinen Was- 
sers und uormalcn Salzlosungcn. 
(June.) 


Hf- 

The Influenco of tho Purkinje 
Phenomenon on Observations of 
Faint Spectra. (June.) 


‘ Phil. Mdg.’ [5] xlvii. .376- 
384 ; ‘ Science Abstr.* ii. 
731. 

‘Phil. Mag.* [6] xlvii. 368- 
372. 


‘ A.strophy.s. J.* ix. 211- 
213 ; ‘Science Abstr.* ii. 
823 ; ‘ Beibliitter/ xxiii. 
780 (Abs.) 

‘Astrophys. J.’ ix. 237- 
2G8. 

‘Bor.* xxxii. 1222-1236; 
‘ Chem. Centr.* 1899, I. 
1265-1267 (Abs.) 

‘ Nature, ’ lx. 368-370, 392 - 
396. 

‘ Proc. Roy. Inst.* xvi. 151- 
16.3; ‘Nature,’ lx. 175- 
180; ‘Science Abstr.’ ii. 
662-663. 

‘II Nuovo Cimento’ [4], 
X. 20-42; ‘ Beibliitter,* 
xxiii. G66-670 (Abs.) ; 
‘Nature,’ lx. 276 (Abs.) 

* Ann. Phvs. u. Chem.* 
[N.K.], Ixviii. 143-144 ; 

‘ ‘ Science Abstr.* ii. 603- 
604. ‘ 

‘ C. Pv.’cxxviii. 1.380-1.3S2 : 

‘ Science .\bstr.’ ii. 727 
(Abs.): ‘ Beibliitter,’ xxiii. 
777-778 (Abs.) 

‘ C. n: cxxviii. 1370-137.3 ; 
•Chem. Centr.’ 1899, II. 

1 16-117 (AbsA ; * Chem. 
News,’ ’ L ( Abs.> ; 

• Nature,* lx. 167 (Abs.) ; 

• J. Chem. Soc.* Ixxvi. II. 
622 (Abs.) 

‘ PI 111. Trans.’ cxciii. 259- 
287 ; * Proc. Roy. Soc * 
2S2-283(Abs.); ‘Nature,’ 
lx. 237-238 ; ‘ Science 

Abstr.’ iii. 303. 

‘Ann. Phys. u. Chem. 
[N.F.] Ixviii. 343-349; 

‘ J. Chem. Soc.* Ixxvi. II. 
621 (Abs.); ‘Science 

Abstr.* ii. 659. 

‘Astrophys. J.* x. 22-24; 
‘ Beibliitter,* ‘ xxiii. 776 
(Abs.) 
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PHY.SICAL UJ3LATIONS, 1800. 

II. M. Kcese Notes on the Zcoman Effect. (June.) | * Johns Hopkins Univ. 

Circ.' xviii. 59; ‘Phil. 
Map;.* [5] xlviii. .‘{17-310; 
‘ Heiblaitcr/ xxiv, 130- 
131 (Abs.) 

F. A. Saumlera Notes on the Encrg:}'Si)cctruin of a ; ‘Johns 'Hopkins Univ. 

lllaok Body, and on the Absorp- • Circ.* xviii. G8-50. 
tion of Ice in the l.'ltra-red. • 

j (^Juruv) I 

J. M. Eder and 1 Norm«'ilspcctren einiper Ehanento = ‘ Drnkschr. Akad. Wien ' 

E. Valfiita. I znr WellenUinprebest immune im i Ixviii. 5.31-5G4 ; ‘ Bei- 

iiiisser.^teii Ultraviolett. (Bead , bliitter,' xxiv. 474-175 

July 13.) ' (Abs.) 

J. Wilsing . .! Ueber den Eintluss des Prucks .niif * Sit znngsb. Akad. Berlin/ 

J die WollenlsLngen der Linien dcs . 1S09, 7.50-752; ‘Astro- 

I Wasscratollsspectrums. (Bead : phy.s. J.’ x. 259-271 ; 

! July 27.) ‘ Buibliitter/ xxiv. 476 

j : (Abs.) 

J. C. ShecU • . j An Interferometer Study of Kadiu- i • Pliys. Review,' ix. 1-19, 

j tion in a Magnetic Kidd. 1., 11. S6-115. 

j (Joiy-) 

W. Sedgwick. . j Spectrum Series. (Aug.) * Nature/ lx. *112. 

W. W. Randall ‘ On the Porraeation of Hot Plati- • .VmcT. Cheni. J.' xix. 682- 
; num bv Gases. (Aug.) »‘»bl ; ‘Oht in. New's/lxxvi. 

I * 108-170. 

• 

W. Konig , . : Di.«porsiouiimc.<»'»UDgcn am Gyp.<». ‘ Ann. rhy.«». «. Cheni.' 

: (Sept.) 1-11; 

1 . . * Scientu* Alxsir.’ ii. 819- 

; ; 820 (Abs.) 

J. W. Gifford . . Temperature and the Dispersion in ‘ Brit. Assoc. Report/ 1899, 

Quartz and Calcite. (Sept.) ! t;<>l-662 ; ‘ Beibliittcr/ 

xxiv. 791 (Ab.s.) 

G. J. Burch . . 1 On the Spectroscopical Examinn- : * Brit. Assoc. Report/ 1899, 

t tion of Contrast Phenomena. • t>24 ; * Electrician/ xliii. 

(Sept.) 811-812; ‘Nature/ lx. 

j 686; ‘ Bcibliitter/ xxiv. 

• 1 272 (Abs.) 

T. Preston • . j Preliminary Report of the Corn- I ‘ Brit. Assoc. Report,’ 1899, 

i mittcc on Radiation from a Source j ; • Nature,’ lx. 586 

I of Light in a Magnetic Field, i (Abs.) 

I («ept.) i 



O. N. Rood Colour Vision and the Flicker 1 ‘ Amer. J. Sci/ [4]i vjii 

Photometer. (Oct.) 254-260; ‘Nature, i** 

611 (Abs.) 

E. B. Frost . I On Titanium for a Comiiarison ‘ Astrophys. J/ X- ^PJ.T 

I Spectrum. (Oct.) 208 ; ‘ Science Abstr. im 

20 - 21 . 
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O. Lummcr and 
E. Prinffslieira. 


F. Gand 


A. Cliilesotti 


Sir J. N. Lockyer 

C. Bender • 

E. B. Frost . 

T. Preston 

P. Paschcii 

A. Haller and P. T. 
Miiller. 

A. Rigid 


W. H. Perkin 


P. Zeeman 


A. Wullner 


Physical Relations, 189$l 

i I. Dio Vertheilung der Knergio im 
Spectrum des schwarzen Kdrpers 
und dcs blankcn Platins. 11. 
TemperaturbcHtiinmung festor 
gliilienfler Ktirper. (He^ Nov. 3.) 

( I 

j Sur la spectrophotometric des j 
lumi^rcs Cdcctriqucs. (Retid Nov. 
i 13.) 

Sul potcre rifrangente di alcuni 
idrocarbiiri a nuclei benzolici con- 
densuti. (Road Nov. 19.) 


Preliminary Table of Wave-lengths 
of Enhanced Lines. (ReadNov. 23.) 


I Brcchungsex|X)nentcn reinen Was- ! 
sers und normalcr Salzlusungen. : 
II. Abth. (Nov.) I 

(\.)rrcct ions to Determinations of • 
absolute Wave-length. (Nov.) 

i 

I Some Remark.s on Radiation Phe- i 
I noniona in a Magnetic Field. > 
i (Nov.) I 

Uc\l}er <lie Vertheilung der Energic : 
im Spectrum des schwarzen ; 
Korpers Ixu hidieren Tempera- 
tiu’cii. (Read Dec. 7.) 

Sur Ics reflections mol6culaires, 
la di.spersion uioieculaiTe, et le ' 
pouvdir rotatoire specifique de j 
quelques ulcuvlcampbres. (Read 
I Dec. 11.) 

! Sul fenomeno di Zeeman nel caso 
genendc d’un raggio luminoso 
I coinunquc inclinato sulla dire- 
siione delhi forza magnetica. , 
(Read Dec. 17.) (Mem. Accad. i 
Bologna [5], viii. 2G3-291.) 

Tlie Refract i ve find Magnetic Rotary 
Power of some Benzeiioid Hydro- 
carbons. Tht? Hefnictive Power of ' 
^ Mixtures. An Improvccl Spectro- i 
* meter Scale-reader. (ReadDec.21.) | 

Waarnemingen over eene asyin- ’ 
metrische vcrandcring van ijzcr- , 
lijnen bij straling in een magnet- | 
isch veld. ( Read Dec. 30.) 

Deberdio Spectra der Canalst rahlen 
und Catbodeiutrahlc^. (Dec.) 


‘Verb. Deutseb. phys 
Gesellsfh.’ [2], 216-235, 


I ‘C. R.’ exxis. 759-760; 
‘ Nature,’ Ixi. 95 - 90 
(Abs.) ; ‘Science Abstr.’ 
iii. 15. 

‘Gazz. cbim. Ital.’ xxx. I. 
149-109; ‘11 Nuovo Ci- 
menlo’ [4], xii. 290-293 
(Abs.) ; ‘ Bciblatter,’ xxv. 
2?^3 (Ab.s.) 

‘ Proc. Roy. Soc.' Ixv. 452- 
401; * JJeiVjliiTter,’ xxiv. 
202-203 (Abs.)j ‘Nature,’ 
I Ixi. 263 (Abs.) 

* Ann. Phvs. u. Cbem.* 
[N.F.], ixix. 076-079 ; 
‘ .Science Ab.sir.’ iii. 13 
(Abs.) 

‘ Astro} ‘hy.«. 3.’ x. 283- 
285 ; ‘ Science Abstr.* iii. 
170. 

‘Nature,* Ixi. 11-13. 


‘ sSitzungsb. Akad. Berlin,* 
1899, 959-976. 


‘C. R.* cxxix. 1005-1008; 
•Chem. Centr.* 1900, 1. 
297 (Ab.-i.) ; ‘ Nature,' 

Ixi. 192 (Abs.) 

‘ II Nuovo Ciinento,’ xi. 
177-200 ; ‘ Beiblattei,’ 

xxiv. 511-544 (.\bs.) ; 

* Science Abstr.’ iii. 68l». 


* J. Cbern. Soc.’ Ixxvii. 
267-294 ; ‘ Bciblatter,’ 

xxiv. 929-930 (Abs.) ; 
‘Chem Centr.’ 1900, I. 
797-798 (Abs.) 

‘ Zittingsversl. R. Akad. 
Amsterdam,’ 1899-1900, 
Deol viii. 328-331 ; *Bei- 
bliitter,’ xxiv. (Abs.); 
* Nature,’ Ixi. 408 (Abs.) 

‘Pliys. Zeitschr.* i. 132- 
134 ; ‘ Beibliitter,* xxiv. 
314-315 (Abs.) 
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Sir \y, do W. Abnoy 

E. van Aiibel . 

W. Hallwachs 

G. A. Ilemsaleoh . 

J. J. Manley . 

i 

H. Rubens . . | 

I). P. Brace . 

E. Aschkinass . \ 

R. Y(iiin:r and E. C. 
Kortey. 

(’. Fabry and A. 
Perot. 

A. PcMot and C. 
Fabry. 

M. Ilainy 

W. Voigt 

E. Hagen and H. 
Rubens; 

C. Viola 


Physical Relations, 1899, 1900. 

Vober die Zcrlcgungdca Spectnims 
ties elect rischen Lichtes in Leucht- 
kraftmengen von drei Farben. 

(tlahrb. f.Photogr. l«99,:i:J8-:i50.) 

Uober die Brcchuiig.sexponcnten ‘ Zeitschr. f. physikal. 

der Motalle. Chen.’ xxx. 665-667 ; 

; ‘Chem. Centr.* 1900, I. 

I 161 (Abs.) ; ‘J. Chein. 

i Roc.’ Ixxviii. II. 125 

! (Abs.) 


Refractive Indices of Solutions. { * Nature, *lx..328-329 (Abs.) 
(Sitzungsb. I.sis.) 

Siir le spectre dcs decharges oscil- i ‘J. dePhys.’ [3], viii.652- 
lantcs. i 660; * Nature,’ Ixi. 258- 

259 (Abs.) 


1900. 

An Optical Metlio*! of detorinining I 
tlie Density of Sea-water. (Read 
J:vn. 8.) 

Recherelies siir Ic spectre infra- 
rouge. La resonance elect ruiue 
<le.s rayons de chaleur. (Jan.) 

t>n a New .System for Spectral 1 
riiutometric Work. (Jan.) 

Tebcr anomalc Dispersion im ultra- j 
roten Spectra Igcbiete. (Jan.) , 


Note on the Refraction an<l Mag- 
netic Rotation of I lexa methylene, 
Chlorolicxamethylene and Dicblo- 
rohcxaiiiet hy 1 ene. ( Read Ke b. 1 ) 

Nouvellc source thi la luinierc 
pour le spectroinetrie de pru- j 
cision. (Read Feb. 12.) 

Determination de n»)uveaux points 
de repere dans le sjiectre. (Read 
j Feb. 19.) 

, Rur la determination de point s do 
repere clans Ic spectre. (Read 
1 Feb. 19, March 12.) 


Ueber eine Dis.symmetrio der Zec- 
man’seben normalcn Triplets. 
(Feb.) 

Das Retlexionsvermogcn von Me- 
tallen und belegten Glasspiegcln. 
(Feb.) 

Ueber die Minima der Lichtablcn- 
kuiig durcb Prlsnacn anisotroper 
Medien. (March.) 


* Proc. Roy. Soc. Edinb. 
xxiii. 35-4.3 ; ‘ Nature,' 
Ixi. 286 (Abs.) 

‘ Rov. g6neralc des 
Sciences,’ xi. 7-13. 


* Astrophys. J.’ xi. 6-24 ; 
‘ Natures’ Ixi. 521 (Abs.) 

‘Ann. der Phys.’ [4], i. 
42-68 ; * Phys. Zcitschr.’ 
1 . 53 -54 ; * Science Ab.str.' 
iii. 237-23S. 

‘ J. C’hcm. Soo.* Ixxvii. 
372-374 ; ‘ Beibliitter,* 

xxiv. 928-929 (Abs.) 


‘C. R.’ exxx. 406-409; 
‘Nature,’ Ixi. 407 (Ab.s.) 


‘ (’. R.’ exxx. 492-495; 

Beibliitter,’ xxiv. 473- 
47*1 (Abs.); ‘ Nature,* Ixi. 
435 (Abs.) 

‘C. R.’ exxx. 489-492, 700- 
701 ; * Nature,’ Ixi. 436 
(Abs.); ‘Science Abstr.’ 
iii. 377. 464; ‘Beibliit- 
ter,’ xxiv. 472 (Abs.) 

‘ Ann. der Phys.’ [4], i- 
376-388. 


‘ Ann. der Phys.’ [4], j* 
353-375 ; • Nature,' Ixi. 
565 (Abs.) 


‘ Zcitschr. f . Kryst. 
Min.’ xxxii. 546-^60; 
‘ Beibliitter,* xxiv. 1292- 
1293 (Abs.) 
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Physical Relations, 1900. 

E. H. J Cunasusj Dio Bestimmunfc des Brechunps- 1 ‘ Phys. Zeitschr/ i. 316- 
vermogen als Methode fiir die! 317; ‘ SSience Abstr.* iii. 
UnterHuehung der ZaKaiumcn- j 730. 
setznng der coexist irenden Phasen \ 
bci Mischangen von Aceton und 
Aether. (April.) 

Lord Blytbswood The Echelon Spectroscope and its ‘ Phil.Mag.* [5],xlix. 384- 
and E. W. Mar- Application to inve.stigatc the Be- 403 ; ‘ Science Abstr.’ iil, 

chant. havioui. of the Chief Line-s of the 375-- 370. 

Mercury iSpectrum under the Influ- 
ence of a Magnetic Field. (April.) 

L. E. Jewell . The Use of the Lines of Titanium Astrophys. J.’ xi. 243- 

for Comparison Spectra and their 244 ; ‘ Science Abstr.’ iii. 
Prominence in the Chromosphere, j 691. 

(April.) j 

D. W. Murphy . | A Method of Determining the i ‘ Astrophys. J.’ xi. 220- 
Luminosity Curve of the Solar | 225 ; * Beibliitter/ xxiv. 
Spectrum. (Ajiril.) j 910-91 1 (Abs.) ; ‘ Science 

I Abstr.* iii. 091. 

} ! 

T. Preston . . The Interferometer. (April) . ‘ Nature/ lix. 605 ; ‘ Bei- 

j bliitter/ xxiv. 835-836 

i (Abs.) 

A. Rigid . . I IJeber das Zeetnan'sclie Phiinomen I ‘ Phy.s. Zeitschr.* i. 329- 

> in dem allKemcincn Falle eines | 334. 

1 beliebig gegen die Kichtung der I 
magnetischen Kraft geneigten ; 

Lichtst rabies. (April.) j 

K. Goldstein . . Leber Spectra von Ga.«5gemcngcn j ‘ Verb. Deutsch. phyj?. 

und von Entladungshiillen. (Hejid Gesellsch.* [2], ii. 110- 

May 11.) 112; * Beibhitter/ xxiv. 

I 1191-1193 (Abs.) 

W.S. Adams. TheCurvatureof the Spectral Lines j ‘Astrophys. J.' xi. 309- 

in the Si:)cctroheliodhiph. (May.) 1 311; ‘ Beibliitter,’ xxiv. 

I 908 (Abs.) 

C. Bender . . j Brcchung-soxfionenten normalcr : ‘Ann. der. Pbys.’ [4], ii. 

! Salzlosungen. IIL (Ma^*.) 180-190; ‘ J. Chem. Soc.' 

Ixxviii. If. 401 (Abs.) 

A. Laur. . . ; IJeber den normalcn refract ome- * Chera. Zeitung/ xxiv. 

! trischen Worth von Butter. (May.) | 394-395 ; • J. C hem. Soc.’ 

J j l.xxyiii. ij. 034 (Ahs.) 

G. J. Burch . . ; On the Spectroscopic Examination | ‘ Proc. Roy. Soc.’ Ixvii. 

of Colour produced by Simiiltane- i 224-228 ; ‘ Nature/ Ixii. 

’ oils Contrast. (Read June 21.) j 615-010 (Abs.); ‘ Science 

, j Abstr.’ iii. 181. 

Partheil and J. ! Die Grundlagen dor refractome- | ‘Arch. Pharm.* ccxxxviii. 
von Velsen. ! ttischen Bntteruntersuchung. 201-279; ‘Chem. Centr/ 
(June.) ! 1900, II. 216-216 (Abs.) 

A. Schmaus JLTober anoinale electromagnet ische * Ann. d. Phys.* [4], ii. 

Rotationsdispersion. (June.) 280-294; ‘Nature/ Ixii. 

336 (Abs.) 

V- Schumann The Transparency of Thin Films of * Chem. News/ Ixxxi. 267- 

^ Glycerin. (Juno.) , 268. 

^ i Sul potere rifrangente del tcllurio I ‘Qazz. chim. Ital.* xxx. 

! in alcuni suoi compositi. (Read 1 II. 465-476 ; ‘ J. Chem. 
' July 30.) ' Soo/ Ixxx. 11. 94 (Abs.) 
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S. J. Perry 


S J. Perry 
A. L. Cortio 

A. L. Cortic . 

J. X. I.ockyer 

W. Sidgreaves 
A. L. Cortic . 

W. Sidgreaves 
A. L. Cortic . 

W. Sidgreaves 

•> • 


VI. 

ASTRONOMICAL APPLICATIONS. 


1882. 

. : The Solar Eclipse, 1882, May IG. ■ * Monthly Not. R. A. S. 
i (June.) • I 'slfi. 408-410. 

i8sr>. 

I The chromosphere in 1884 (Feb.) | ‘ Observatory,* viii. 53. 


1880. 

and i Comparison of the Spectrum, be- 1 ‘Monthly Not. R. A. S. 

. ; tween C and D, of a Sun-spot | xlix. 410-418. 

j observed 1884. May 27, with 
! another of 1880. May 7. (June.) 

isoo. 

, i Obsen'ation of the Spectra of Sun- j ‘ Monthly Not. It. A. S. 
spots, in the region H-D, made at ; li. 76-78. 

Stonyhur.st College Observatory, j 
1882-1889. (Read Doc. 12.) 

1891. 

. On the Causes which produce the 1 * Phil. Trans,* clxxxii. A 

i Phenomena of New Stars. (Read; .397-448; • lleihliitter,' 

; April IG.) i xvii. 1067-1068 (Abe.) 

1802. 

, The bright Solar Prominence of ‘Astron. and .^Vstrophys.* 
1891, Sept. 10. (Jan.) xi. t)6-67. 

Tlie large Sun-.spot Group of Aug, ‘ Observatory,* xiv. 363- 
28-Oct. 4, 1801. (Pcb.) 366 ;* Astron. and Astro- 

phys.’xi. 130-133. 

. The Spectrum of Nova Auriga?. . ‘ Mc*m. It. Astr. Soc. 
(Road May 13.) , 29-43. 

. Some Recent Studies in the Sol.ar ‘ Astron. and Astrophys.’ 
Spectrum. (May.) xi. 393-407. 

. Notes on the Spectni of Sun-spots. * Astron. and Astrophys.* 
%. • (Aug.) xi. 587-593. 

. Nova Aurigm (Aug.) * Astron. and Astrophys.* 

xi. 604-607. 

. j^eport of the Solar Spectroscopic ' ‘.Tf)ur. Brit. Astron. Assoc.* 
* Section of the British Astronomi- j iii. 31-35. 
cal Association. (Read Oct. 26.) , ^ 

. ' TlieNr»'aof 1892. (Oct.) ‘Jour. Brit. Astron. 

I Assoc.’ iii. 22-24; ‘Obser- 
i vatOry,* xv. 361-366. 

189.3. 

Errata to ‘ Note on the Revival o£ * Astron. and Astrophys.’ 
Nova Aurigm * in ‘ Astron. and xii. 660. 

Astrophys. *.xi. 883 (note). (July.) 

The Temporary Star in Auriga. ‘Astron. and Astrophys. 
' xii. 621-589. 


A. L. Cortle 
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Astronomical Applications, 1803, 1804, 180<i, 1807, 1808. 


w. Sidgreaves 

The Variable Spectrum of fi Lyra; 
in the region F — h. (Dec.) 

‘ Month. Not. R. A. S.’ liv, 
04-99. • 


The Physical Constitution of the 
Sun. (Nov.) 

‘Astron. and Astrophy.s.’ 
xii. 826-834. 


* 1804. 


V 

r ■■ 

Notes on Solar Observations at 
Stonybrrst College Observatory. 
(Nov.) 

' Month. Not. R. A. S.’ Iv. 
6-12. 

V ' 

189G. 



Stellar Spectrum Photography at 
Stony hurst. (Lecture Jan. 15.) 1 

‘ Jour. Brit. Astr. Assoc.* 
vi. IOC-197 (Abs.) 


1807. 


^ y. McClean . 

Comparative Photographic Spectra i 
of Stars to the 3^ Magnitude. 1 
(Head April 8.) 

‘ Phil. Trans.’cxci. A. 127- 
138; ‘Science Abstr.* ii. 
43.5-436 (Abs.) 

W. Sidgreaves 

The Spectrum of $ Lyrae as observed 
at Stonyhurst College Observatory | 
in 180.5. (May.) i 

‘ Month. Not. R. A. S.’ Ivii. 
615-631. 

^ A. Belopolsky 

New Resoarche.s into the Spectra | 
of $ Lyne and Aquilie (in Rus- j 
sian). (Nov.) ' ! 

‘ Bull. Acad. St. Peters- 
burg vii, 35i>— 374; 

‘ Nature,’ Ixii. 70 (Abs.) 

C. G. ABbott . 

Report of the Work of the Astro- | 
physical Observatory for the year j 
ending June 30, 1807. 

* Smithsonian Inst. Rep.* 
1897, 66-68. 

11. Deslandres 

1 

Observation de I’^clipse du solcil ! 
du IG Avril, 1803. [ 

1 1 

‘ Ann. du Bureau des 
Longitudes,’ 1897, c. 1- 
71. 

A. C. Maury . 

1 Spectra of Bright Stars. 

‘ Annals of Harvard Coll. 
Ohs.’ 1897, xxviii. I. ; 

* Nature,’ Ivi. 206-208 ; 

* Naturw. Rundschau, 

1 xii. 581-583, 


1898. 


( A. J. Cannon . 

. A Variable Bright Ilvdrogcn Lino, 
j (Jan.) 

! 

. ‘ Harvard Coll. Obs. Circ.’ 

No. * 21 ; ^ ‘ J^ature,’ Ivii. 

: 284 (Abs.) 

^ E. C, Pickering 

1 A New Spectroscopic Binary. (Jan.) ! 

! ‘ Harvard Coll. Obs. Circ.' 
No. 21 : ‘ Nature,* Ivii. 
2S4 (Abs.) 

J'. McClean 

Ccinpnrison of Oxygen with the 
Extra Lines in the Spectra of the 
Helium Stars ^ Crucis, &o. Also 
•Summary of the Spectra of South- 
ern Stars to the 3J Magnitude, and | 
their Distribution. (Read Feb. 3.) 

* Proc. Roy. Soc.* Ixii. 417- 
423; ‘Astrophys. J.’ vii. 
367-372; ‘Nature,* Ivii 
405 (Abs ) ; ‘ Science 

Abstr.* i. 635-636. 

% 


The Total Eclipse of the Sun. 

‘ Nature.' Ivii. 266-^67. 

^landres 

Nouvelle s^rie de fhotographies de 
la chromosphere entiere du sOleil. 
^Read March 21.) 

*C. R.’ exxvi. 879-882; 

* Science Abstr.* i. 470* 
471. 
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Astronomical Applications, 1898. 

JSir J. N. Lockycr . 

I Total Eclipse of the Sun, January 
i 22, 1898. l*rcliminary Account 

1 of the Observations made by the 
F.clipse Exiicdition and the 
i Ollicors and Men of H.M.S. 
i * Melpomene,' at Viziadruf'. (Head 
; March 28.) 

* Proo. Roy. Soc.* Ixiv, 27- 
12. 

J. S^ohoincr . 

. On t he Spectrum of Hydrogen in the 
! Nelmlie. (April.) 

‘ Astrophys. J.’ vii. 231- 
238 ; ‘ Beibliitter,’ xxii. 
811 (Ab.s.); ‘Science 

Ahstr.’ i. 383 ; • Nature,* 
Iviii. 41 (Abs.) • 

V/. Siiljrreaves 

* The S|’>ectrum of o Ccti as photo- 
graphed at Stonyhurst College 
! Observatory. (April.) 

‘Month. Not. R. A. S.* 
Iviii. ,341-333. 

A. L. Cortio . 

; On the Tiovol of Sun-spots and tlu; j 

1 Cause of their Darkness. (April.) . 

‘Astrophys. J.* vii. 239- 
248. 

R. Copeland . 

1 Total Solar Eclip -c of January 22, • 

' 1898. IVeliminary Ueport on i 

Ob.'icrvations made at Ghoglce, j 
’ (’entral rrovinercs. (Uea<l May : 

1..,) j 

‘ IVoc. R«)y. Soc.’ Ixiv. 21- 
2»>. 

E. 11. Hills and H. 
F. Newall 

; T(»tal Solar Eclipse of 1898, Jan- ! 
uary 22. I’reliminary Report on 
the Observations made at Ihilgaoi’i, 

! India. (Read May 23.) 

‘Proc. Kov. Soc.’ Ixiv. 43- 
Gl. 

A. Ij. Cnrtie . 

• Vanadium in the Spectrum ((•— D) 

1 of Sun-spots. (May.) 

•Month. Not. B. A. S.’ 
Iviii. 370-373. 

Vr. IL Moiick . 

; The Spectra and Proper Motions of j 
Stars. (June.) j 

‘ Astrophys, J.'viii. 28-31. 

E. C. I'ickerin^ 

i Stars having Potuliar Spectra. 

; (June.) j 

1 

‘ Harvard Coll. Obs. Circ.’ 
No. 32; ‘Nature/ Iviii. 
‘2.38 (Abs.) 

C. Hun^e 

On the Relative Intensities the ;■ 

i Lines in the Sfiectrum of tlic 
i Orion Nebula. (June.) ; 

‘Astrophys. J.’ viii. 32- 
.30 ; ‘ Beibliitter,’ xxiii. 

.3r»2-:^i3 (Abs.) 

C. L. Poitr and R. 
A. Mitchell 

1 The Concave Grating for Stellar 
j Photography. (.June.) 

‘j 

‘ Astrophys J.’ viii. 167- 
1G3 ; ‘ Science Abstr.’ i. 
310. 

A. J. Cannon . 

; Additional Hydrogen Lines in Stars 

1 resembling ( Puppis. (June.) 

1 

‘Harvard Coll. Obs. Circ.’ 
No. 32 ; ‘ Nature/ Iviii. 
258 (Abs.) 

L. E. Jewell . 

The Concave Grating for Stellar 
j Photography. (June.) 

‘ Johns Hopkins Univ. 
Circ/ xvii. 61-62. 

J. K. Kyrlbcrj' 

1 Metargon and the Interplanetary 
Medium. (July.) 

‘Nature/ Iviii. 310; ‘Bei- 
bliitter/ xxiii. *396 (Abs.) 

A. Belopolsky 

, Leber ein Versiich die Geachwin- 
digheit irn Vi.sionsradius der Com- 
ponenten von y Virginia und 

1 7 Leonis zu bestimmen. (Aug.) 

‘ A8tr.Naoh.’cl. (No. 3510), 
90-94; ‘Nature/ Iviii- 
400-401 (Abs.) 

J. E. Kcclcr . 

! The Hydrogen Atmosphere sur- 
1 rounding the Wolf-Bayet Star 

1 D.M. + 80^-3639. (Aug.) 

•Astrophys. J/ viii. llJ- 
114; ‘Nature; Iviii. 46 J 
(Abs.) 
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Astronomical Applications, 1898, 

H. C. Lord . 

Some Ob.scrvation8 on Stellar Mo- • 
lions in the Line of Sight made at ! 
the Emerson McMillin Observa- 
tory. (Aug.) 

K. D. Nargamvala 

Photograph of the Spectrum of the I 
^ ‘Flash* at the Eclipse of Jan. 21, 
1898. (Aug.) 1 

The Nebula of Andromeda. (Sept.) i 

1. Deslandrcs 

Photographic de la vitesse radiale 
<les utoilcs. (Sept.) 

Sir J. N. Lockyer , 

The Chemistry of the Stars. (In- j 
augural Address, Birmingham ; 
and Midland Institute. Oct. 26.) ! 

W. W. Campbell 

Some Stars with Great V elocities in : 
the Line of Sight. The Variable 
Velocity of rj Pegasi in the Line of i 
Sight. (Oct.) ! 

A. C. Maury . 

The K-lincs of $ Aurigflc. (Oct.) | 

11. C. Vogel . 

Teber fhis Spectrum von a Aquihe, j 
und iiber die Bewegung des 
Sternes im Vlsionsradiu.s. (Read 1 
Nov. 17.) i 

Sir J. N. Lockycr . 

Preliminary Note on the Spectrum 

I of the Corona. (Head Nov. 24.) 

Mrs. Fleming 

■ Stars of the Vth Type in the 

1 Magellanic Clouds. (Nov.) 


i Classificat ion of S|>ectra of Variable 
j Stars of Long Period. (Nov.) 

G. E. Hale , 

1 On the Spectra of Stars of Sccchi’.s 
Fourth Typt^ (Nov.) 

W. \V. Campbell . i 

! U'hc Variable Velocities of o Leonis 
i and of X Draconis in the Line of 
Sight. (Dec.) 

Ii. Deslandrcs , 

1 Remarques sur Ics mRhodes em- 
l>loyC’es dans la recherche des 
vitessos radiales des astres. (Dec.) 

• # 

SaucrstolT auf der Sonne. Zu- 
sammenfassung dor Result ate 
von Kiinge und l’a.schen, Janssen, 
Duner, Schuster, und Jewell. 

(‘ Himnicl und Erdo,’ x. 425.) 

1899. 

'W . Campbell . 

j The Variable Radial Velocity of | 
C Geminotum in the Line of Sight. 
(Jan.) 


1899. 

‘ Astroph:vs. J.* viii. 65-69 ; 
‘ Beibliitter/ xxiii. 180 
(Abs.) 

‘Astrophys. J.* viii. 120- 
121; ‘Nature,* Iviii. 526 
(Abs.) 

‘ Nature,’ Iviii. 515. 

‘ Bull. Soc. Astron. fie 
France,* xii. 887-390 ; 

* Nature,* Iviii. 490 (Abs.) 

‘ Nature,’ lix. 32-36 ; 
‘Cliem. News,' Ixxviii, 
233-235 (Abs.) 

‘Astrophys. J.* viii. 157- 
160; * Beibliitter,’ xxxiii. 

180 (Abs.) ; ‘ Nature,’ lix. 
43 (Abs.) 

‘Astrophys. J.* viii. 173- 
1 75 ; * Beibliitter,* x.xiii. 

181 (Abs.) 

‘ SitzuDgsb. Akad. Berlin.* 
1898, 721-734 ; ‘ Bei- 

bliitter,’ xxiii. 181 (Abs.); 
‘ Astrophys. J.’ ix. 1-15 ; 

* Science Abstr.’ ii. 436^ 
437. 

‘ Proc. Roy. Soc.’ Ixiv. 168- 
170; ‘Nature,’ lix. 279- 
280; ‘J. Chern. Soc.* 

Ixxvi. II. 717-718 (Abs.) 

‘ Astrophys. J.’ \iii. 232 ; 
‘ Nature,’ lix. 330 (Abs.) 

‘ Astrophys. J.’ viii. 2.33 ; 
‘ Nature,’ lix. 330 (Abs.) 

‘Astrophys. J.’ viii. 237- 
238; ‘Nature,’ lix. 330 
(Abs.) 

‘Astrophys. J.’ viii. 291- 
29 J ; ‘ lieibliitter,’ xxiii. 
362 (Abs.) 

‘ Astr. Nachr.’ cxlviii. 2.3- 
28 ; ‘ Astrophys. J.’ i : 
167-172; ‘Science Abslr. 
ii. 728. 

‘ Beibliitter,’ xxii. 561-562 
(Abs.) 


‘Astrophys. J.’ ix. 86; 
‘Nature,’ lx. 114 (Abs.) 
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J. K. Kcoler . 

Sir J. N. Lockyer . 

»» 

A. Cornu 

H. C. Dunfer . 

G. E. Hale . 

Mrs. Fleming 
Sir J. X. Lockyer . 

ti 11 • 

D. GUI 

O. E. Hale 

Ot E. Hale 
J. Wilfeing 


Astroxomical Applications, 1899. 

{ Variation of Speetmm of Orion * Astr. Nachr.’cxlviii. (No. 
Nebula. (Jan.) I 8541) LW ;• Nature/ lix. 

379 (Abs.) 

I Note on the Enhanced Line.s in the j ‘ Proc. Roy. Soc.’lxiv. 320- 
Spcctrum of o Cygni. (Read ( 322 ; * Ileibliitter.* xxiii. 

Feb. 2.) I 301 (Abs.) ; • Science 

Abstjr.* ii. 435. 


On the Order of Appeariince of 
Chemical Substances at Different 
Stellar XemxHjratnres. (Read Feb. 
23.) 


‘ Proc. Roy. Soc.’ Ixiv. 39G- 
'401 ; *Cheiii,News/lxxix. 
145 - 147; Mleibliiltcr/ 
xxiii. 792 (Abs.) • 


I Los trois types spectral e.s dos 
j otoiles. (Fob.) 

I 

i La ]>hoto<rraphio des spectres 
j d't^toiles. (Read March 1.) 


‘ Rev. Scientifique/ xi. 
238-242. 

‘ Bull. Soc. Astron. de 
France/ Sept. 1899, 379- 
:;S2. 


Spectra of Stjirs of Class III. b. ‘Astrophys. J.’ ix. 119- 
(March.) 132; ‘Nature/ lx. IS 

i (Abs.) 

I 

The Spectrum of Sat urns Rings, i ‘ Astrophys. J.* ix. 185- 
(March.) i isi;; ‘Nature/ lix. 595 

‘ (Abs.) 


, A New Star in Sagittariu.s. ; 
j (March.) 

' j 

j The Chomi.stry of the Stars in Ro-i. 
I lation to Temperature. (March.) 

I On the Distribution of the various 
Chemical Groups of Stars. (Lec- 
ture to Working Men. April 10.) 

On .some Recent Advances in 
I Spectrum Analysis relating to 
i Inorganic and Organic Evolution. 

I (Lfcturc to Working Men. April 

I ‘21.) 

On tlie Presence of Oxj’gen in the 
Atmospheres of certain Fixed 
Stars. (Read April 27.) 


Comparison of Stellar Spectra of the 
Third and Fourth Types. (Aj^il,) 

Photographs of the New Star in 
Sagittarius. (April.) 

Spectra of Stars of Sccchi’s Fourth 
Type. (Apiil.) 

He her die Deiitung des typischen 
Spectra ms der ne\icn Sterne. 
(Read May 4.) 


‘ Harvard Coll. Oba. Circ.’ 
No. 42 ; ‘ Nature/ lix. 561 
(Abs.) 

‘ Nature/ lix. 463-46(1. 


‘Nature/ lx. 617-620, Ixi. 

8 - 11 . 


‘Nature/ lx. 103-108. 


‘ Proc. Roy. Soc.’ Ixv. 196 - 
206; ‘Nature/ lx. 190 
(Abs.); ‘J. Chem. Soc/ 
'Ixxvi. II. 718 (Abs.) ; 
‘ Scionco Abstr.’ ii. 729 
(Abs.) 

‘ Astrophys. J.’ x. 273-274. 


•JCstrophys. J.’ ix. 269; 
‘ Nature,’ lx. 88 (Abs.) 

‘ Astrophys. J.* ix. 271- 
272; ‘Nature/ lx. 186- 
187 (Abs.) 


‘ Sitzungsb. Akad. Berlin, 
1899, 426-436 ; ‘ Science 
Abstr.’ ii. 728-729 , 
‘Astrophys. J.* *• 

125. 
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Sir J. N. Lockyer . 
A. Belopolsky 

ii. K. Hale and 
h\ Ellernian. 

V’. ('nrnpbcll . 
ilioinor . 

W. W. Campbell . 

W. 11. Wright 

E. 15. Frosi . 
W.W. Campbell . 

M • 

% 

A. Belopolsky , 

H. E. Halo . 

Sir J. N. Lockycr . 

Luut 

A. Tlelopo’sky 
J* Fenyi 


Astronomical Applications, 1801). 

, On the Chemical Classification of ‘ Proc. Hoyt Soc.’ Ixv. 1 80- 
! the Stars. (Head May 4.) | 101. 

I Ueber die Bowegung von ( Gemi- ‘ Astr. Nachr.* cxlix. (No. 
nornm in den Gcsiclitslinic. 356.0) 239; ‘Nature,* lx, 
^May.) I 114 (AVjs.) 


The Spectra of Stans of Secchis ‘ A 8 troph 3 ’s. J.’ x. 87-112 ; 
I Fourth Type. Oluly.) ‘ Beibliittijr,’ xxiv. 110- 

1 1 1 (Abs.) ; * Nature,* lx. 
•120 (Abs.) 


: New Spectroscopic*. Multiple Star 
' (Polaris). (Sept.) 


‘Nature,’ lx. 513 (Abs.) 


! ITcbcr clici photographisch-photo- j ‘Astr, Nachr.’ cl. (No. 
iiietrischcm Untersuebungen des ; :>r>0:5) 200-;5(>e ; ‘ A.stro- 

Herrii Keeler am Orionnebcl. | phys. J.’ x. 164^168. 

! (Oct.) (Reply of J. Keeler, ‘ Astr. ! 

I Nachr.’ cli. (No. 3601) 3-1.) \ 

I The Variable Velocities ill the Line : * Astrophy.«. J.* x. 175- 
I of Sight of € Libnc, A Draconis. ! 383; ‘Nature,’ Ixi. 114 

I A Androiiieche, € IJn'^as Minorls, 5 : (Abs.) 
i I’l-s.*© Minoris, and to Draconis. ' 
i (Oct.) 1 


; 1 

Observations of Comet Spectra. 1 
. (Oct.) j 


‘ Astrophys J.* x. 1 73-176 ; 
‘ Beiblatter,* xxiv. 481- 
•182 (Abs.) 


I The Variable Velocity of Polaris. 
I (Oct.) 

! The Spectroscopic Binary’ Capella. 
' (Oct.) 


• I 

The Wave-length ot the Green j 
Coronal Line, and other Data re- | 
, suiting from an At tempt to Deter- j 
i luiiie tile Law of Rotation of the | 
j Solar Corona. (Oct.) j 


* Astrophj's. J.* X. 184-1 85 ; 
‘ Nature*,* ixi. 114 (Abs.) 

‘Astropby’s. J.* x. 177; 
‘Nature^* Ixi. 114 (Abs.); 

Beiblatter,* xxiv. 482 
(Abs.) 

* Astrophvs. J.* X. 186- 

102, 306-307; ‘Bei- 

blatter/ xxiv. 183 (Abs.) ; 
‘ Science Abstr.’ iii. 176. 


Leber das Spectrum von P Cy’gni. j ‘Aslr. Nachr.’ cli. (No. 
I (Nov.) ! 3603) 37-40; ‘Nature,* 

j Ixi. 1^7 (Abs.) 

Carbouin the Chromosphere. (Nov.) | ‘ Astrophys. J.’x. 287-288. 

: The Piscian Stars. (Read Dec, 14.) | ‘ Proc. Roy. Soc.* Ixvi. 126- 

110; ‘ Beibliitter,* xxiv. 
780-700 (Abs.); ‘Nature,’ 

i Ixi. 213 (Abs.) 

a- 

On^he Origin of cortain Unknown ‘ Proc. Roy. Soc.* Ixvi. 44- 
Lines in the Spectra of Stars of j 50 ; ‘ Astrophys. J.’ xi. 
the 0 Crucis Type, and on the 26‘i-2C>0 ; * Beibliitter,* 

Spectrum of Silicon. (Read xxiv. 012-013 (Abs.) 
Dec. 14.) 


Notes on the Spectrum of P Cygni. | ‘ Astrophys. J.’x. 310-321. 
, (Dec.) 


The Great Sun-spot, September j ‘Astrophys. J.’ x. 333- 
1808. (Dec.) 336 ; ‘ Science Abstr.* iii. 

300. 


1901 . 
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Astronomical Applications, 1899, 

C. A. Young . . i Tho Wave-length of tlio Corona 

Line. (Dec.) 


W. Sidgrcaves 

H. C. Vogel 
J, Wilsing . 


heil. 

A. Klvins 


C. Dll four 


. Xotes on the Spectra of y Cnssio- 
lioiie an<l o Ceti. 

and Untcrsueliungen iiher die Spectra 
. von 528 Sternen. (* Publ. d. 
Antrophys. Olwervat. zu Potsdam,* 

; xii 1. 73 pp,) 

rho Rotation < 

Oi'sen-atory.) 

. San -spot of September and October, , 

1S98. (Proc. Canadian InsLit. ii. 

; 35-:JS.) I 

. Companiison entre la lumiero du . 
soleil et cello do queliiues etoilcs. ' 


C. G. Abbot . . j Report of tlu» Work of the Astro- 

physical Observatory for the year 
ending June 30, l><y9. 


1900. 

Sir J. N. Lockyer The Spectrum of o Aqiiilje. (Read t 
and A. Fowler. Feb. 8.) I 

A, Belopolsky . « Tebor cine Met bode zur Vemtiirk- ' 
ung schwacher Linier in Stern- j 
spectrogram men (in Russian.) 
(Read Feb. 9.) I 

}l. Dc.'!landro^ . Variations rap>i<lff do la vitesro : 

ra<liale de IVtoilo 9 Orionis. . 
(Jtead F<*b. I‘J.) 

Sir J. N. Lockyer . Preliminary Note mi the Spectrum 
I >f the Corona. ( Read Feb. 22.) 

II, C. Vogel , . ; ireberdic ira letzten Dccennium in 

dcr Bestimmung der Stcrnliow'e- 
* ■ *•; gung in dcr Gosichtslinie erreich- 

i ton Forts<;hrittc. (Read March 29.) j 

W. II. Wrigljt , ' The Orbit of ilie Spectroscopic i 
j Binary x Dmeonis, (March.) i 

K. Schwartzchihl . ' Kin Verfahren dc:r Babnb«atim- j 
mung fler spectroscopischen Dop- 1 
peksternen (March.) I 

W. W. Campbell . ' The Variable Velocity of /SHerculis i 
in the Line of Sight. (March.) !■ 

; - i 

Sir J. X. Lockyer . A Short Account of the Physical | 

I Problems now being investigated 
at the Solar Pliysica Observatory j 
and their Astronomical Applica* ' 
• tions. (Pbys, Soc. Anril 27A 


1900. 

‘Astrophys. J.* x. 306- 
307 ; ‘ BeiblUttcr,* xxiv. 
480 (Abs.) ; ‘ Science 

Abstr.* iii. 299-300. 

‘ Month. Not. R. A, S.* lix. 
60-5-612. 


‘Science Abstr.’ iii. 176- 
177. 


‘Arch, de Clcnovo,* \i:i. 
209-217. 


‘Smithson. Inst. Report,* 
1S99; ‘Nature,’ Ixi. 616 
(Abs.) 


‘ Proc. Roy. Soc.* Ixvi. 232- 
238 ; ‘ Boiblattcr,’ xxiv. 
995 (Abs.) 

‘Bull. Aciul. St. Petorsb.’ 
[5], xii. 205. 210 ; ‘ Bei- 
blatter,* xxv. 131-132 
(Abs.) 

‘C. R.’ exxx. 379-382; 
‘ Nature,* Ixi. 407 (Abs.) 

‘ Proc. Roy. Soc.* Ixvi. 189- 
192; ‘Science Abstr.* iii. 
621-525. 

* Sitzungsb. Akad. Berlin,* 
1900, .373-390. . 


‘Astrophys. J.’ xi. 131- 
134; • Beibliittcr,* xxiv. 
996 (Abs.) • 

‘Astr. Nachr.’ clii. (No. 
3620) 66-74 ; ‘ Nature,’ 
Ixi. 621-622 (Abs.) 

‘Astrophys. J.* xi. 140; 
‘ Bcibiatter,* xxiv. 790 
(Abs.) 

‘Nature,’ Ixii. 23 (Abs.); 
« Chem. News/ Isxxi. 214 
CAbk.) 
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[ L. E. Jowell . 

I 

I 

W. W. Campbell 

t 

A. Belopolsky 

H. Deslaurlres 

W. 11. M. Christie 
and V. M. Dj-son. 

J. Evershod . 


Sir J. N. Lockyer . 


II. II. TurncT and 1 
II. l'\ Newall. 1 

! 

G. Moslin , . I 

Dcslandre.s 

• H. Julius . 

• de I/Ieen 


Astronomical Applications, 1900. 


SpcctroROopic Determinations of 
Motion in the Line of Sight, &c. 
(April.) 

Horae Hpcctrographic Results ob- ] 
tained at the Indian Eclipse by j 

•the.. Lick Observatory Crocker 
Expedition. (April.) 

KinVersujh die llotationsgeschwin> j 
digkeit dc.s Ycnu.siequator auf 
spectrographischem Wege zu be- | 
stirnrncn. (May.) ! 

Observation-s do r6clipso totale dii j 
soleille 28 Mai lOOOd Argamasilla | 
(Espagne). (Read June 18.) 


Total Eclipse of the Sun, 1000, I 
May 28. Preliminary Account of 
the Ob.^crvations made at Ovar. ; 
Portugal. (Head Juno 28.) 

Solar Eolip.se of IHay 28, 1000. ; 
Preliminar}' Report of the Expe- ! 
dition to the South Limit of j 
Totality to obtain Photographs of 
the Flash Spoctrura in High Solar j 
I..atitudcs. (R«?ad June 28.) | 

Total Eclipse of the Sun, May 28, | 
1900. Preliminary Account of the ! 
ObseS'atioiis made by the Solar 
Phj'sics Observatory Eclipse Expe- j 
<lit ion and the otricons and men of j 
li.M.S. ‘Theseus’ at Santa Pola. j 
(Read June 2S.) ^ 

'l-idal Solar Kclip>e of 19(h), May 28. 
Preliminary Ke|K)rt on the Obscr- | 
vations made at Rouzareah (in the 
grouiuls of tluj Algiers OUserva- 
tory). (Read June 28.) 

Sur les images spcctrales do la 
chromosphere et des j>rotube- 
ninces, obtenues A Taidc de 
la chambre prismatiqnc. (Read ‘ 
July 20.) ' 

Premiers resultats des recherches ■ 
faitos sur la recx>imaissaneo de la | 
oouronne solaire avtH 5 laide di.*s [ 
radons calori tiques. (Read Oct. 15.) : 

Solar Phenomena and Anomalous 
dispersion. (Oct.) i 

Constatation dc quelqucs fails rc> [ 
latifsaux stratificMitioDs des lubes 
A vide et an spectre qu’ils pr^- 
sentent. Conjecture sur le me- » 
chaUismo de co ph^nom^ue. (Read 
Nov. 3.) 


* A.strophys. J.*xi. 234.^240 ; 
‘ Science ^ibstr,* iii. 091. 


‘Astrophys. J.’ xi. 226- 
232. 


‘Astr. Nachr.’ clii. (No. 
364 1 ) 26.3-276 ; ‘ Nature,’ 
Ixii. 160-161 (Abs.) 


‘C. R.’ exxx. 1691-1695; 
* Nature,* Ixii. 233 (Abs.) ; 
‘Astrophys. J.’ xii. 287- 
2‘.>0 ; ‘ Bcibliitter,’ xxv. 
40. (Abs.) 

‘ Proc. Roy. Soc.’ Ixvii. 
392-402. 


* Proc. Kov. Soc.’ Ixvii. 
37(V385. ‘ 


‘ Proc. Rov Soc.* Ixvii. 
337-346. 


’ Proc. Rov. Soc.* Ixvi 
3 16-:569. 


‘C. li: cxxxi. 32S-330; 
‘ Beihliitter.' xxiv. 1124- 
112rHAltf.). 


*C. K.’ cxxxi. (>iJ8-(»61 ; 
‘ Nature,’ Ixiii. 67 (Abs.) 


‘Astrophys. J.' xii. 1 S.j- 
200; ‘ Science Abslr.’ iv. 
14. 

‘ Bull. Acad. Belg.’. 1900; 
803-811; ‘Beiblutter ’xxv. 
164 (Abs.) 
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Astroxomical Appucatiors, 1000.— .Mbteorolooical Appuoations, 1898, 1809. 

Sir J. N. Ix»ekYPr 

t 

On Solar Changes of Temperature 

1 and Variations in Rainfall in the 
Regions surrounding the Indian 
Ocean. (Read Nov. 22.) 

* Proo. Roy, Soo/ Ixvii. 409- 
431. 

W.W. Campbell 

j Tho Vi.«%iblc Sjw'ctrum of Nova 
Aquihe. (Nov.) 

‘Astrophys. J/ xii. 258; 

‘ Beibliitter/ xxv. 41 
(aIs.) ; * N^'iture,’ Lxiii. 
2<50(Abs.) 

E. B. Frost . 

j Spectroscopic Results obtained at 
the Solar Eclii>se of Mav28, 1900. 
(Dec.) 

‘Astrophys. J.* xii. ,307- 
3.*)1 ; ‘ Boibliltter/ xxv. 
2(;7-2<J8 (Abs.) 

W. J. Knight 

j Can Spectroscopic Analysis furnish 
us with pre<*iso Information as to 
•i the Petrography of the Moon ! 

I (Dec.) 

* Nature/ l.xiii. 180. 

J. F. Mohler iaiid 
F. C. Daniel. 

The Reversing Layer photograidied 1 
with a Concave Rowland Grating. , 
; (Deo.) 1 

‘A8trophy.s. J.’ xii. 301- 
31)5; • Boibliitlor/ xx^. 
208-209 (Abs.) 

J. Wilsing . 

Untersuchungen iiber das Spec- ; 

; trum des Nova. Aurigic. (‘Piibl. j 
' d. Astrophys. Observat. zu Pots- 
dam/ xii. 77-102.) 

‘ Beiblattcr/ xxiv, 995-990 
(Abs.) 

A. Berberich . 

' Die Sonnencorona. (* Naturw. 1 
! Rundschau/ xv. 29-30.) 1 

‘ Beibliitter/ xxiv. 480 
(Abs.) 

J. Hartmann . 

‘ Anwendung dcr Phototrraphic zur 
spectralphotoraetrisohen Me.ssung 
der Helligkeit von Himmelskr>r- 
. pern. (‘Jahrb. f. Photogr/ 1900, 

! 240-241.) 



VIT. 



METEOROLOGICAL APPLICATIONS. 


189S. 


E. C. Pickering 

; The Photographic Spectrum of tho i 
j Aurora. (May.) 

I 

‘ Harvard Coll. Ob.s. Circ.| 
No. 28 ; ‘ Astrophys 
vii. 392; ‘Beibliitter/ ; 

843 (Abs.); * N^ 

Ivii. 591 (Aba,) ^ 

A. Schuster . 

1 Tho Origin of the Aurora Spectrum. . 
] (June.) 1 

‘ Nature,’ Iviii. 15' f ^ 

■li f 

Sir W. Crookes 

j Helium in the Atmo.sphcrc. (Oct.) , 

j 

‘ Chem. New.*?/ lx / 

‘ Beibliitter/ x> 

(Abs.) 

T. W. Backhouse 

The Origin of the Aurora Spectrum. : 
(Nov.) ; 

‘ Nature/ lix. 127.; 

’'v i 

C. Range 

The Origin of the Aurora Spectrum. ' 
(Nov.) 

‘ Nature/ Hx. 29. 

.. ' * ^ 


1899. 

.\. rle* la Baumc 
Pluvinel. 

1 Observation dii gruupc des raies B j 
dll spectre solairc faite au sommet 
du Mont Blanc. (Read Jan. 30.) 

* C. R.’ cxxviii. 2t)9 .. 
‘Beibliitter/ xxiii./ 
(Abo.); ‘Science A 
ii. 437-438; ‘Na 

Ux. 369 (Abs.) 
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Mktkobologioal Applications, 1899.— Chemical Relations^ 1896, 1897. 

B. Hassclbcrg . ’ Note sur la dlffuaion cosmique de ‘Mem. Soc. Spettr. Ital.’ 

; vanadium. xxviii. 113 -119; ‘Nature,' 

lx. 487 (Abs.) 

E’aulscn . . Sur le spectre des aurorcs polaircs. ‘ C. R.' exxx. 655-656 ; 

• (Read March B.) ‘Boibiatter/ xxiv. 479- 

i ■ 480 (Abs.) ; ‘ Nature,* Ixi. 

; 62 1 (Abs.) 

VIII. 

CHEMICAL BELATIONvS. 

1896. 

B. Hasselberg . I Uebor das Vorkommen des Vanads i ‘ Bihang till K. Vet. Akad. 

1 indenScandinavischcnRutilarten. j Handl.' xxii. Afd. i. No. 

j (Read Dec. 9.) | 7. 7 pp. ; ‘Zeitschr. f. 

j anorg. Chem.' xviii. 85 

' (Abs.) ; ‘ Chem. Centr.* 

1898, II. 1068 (Abs.); 
‘ Cliem. News,’lxxvi. 112- 
113. 

1897. 

. i AnwendungdesGlan'schenSpektro- ‘C. R. de TAcad. des 
I photometers auf die Thierchemic. • 8ci. de Cracovie,' 1896, 
1. Quantitative Bc.stimmuDg des j 386-390; ‘ Chem. Centr.’ 
j Oxyhicmoglobin im Blute. II. i 1897, 11. 532 (Abs.) ; ‘ J. 
j Quantitative Bestimmung der | Chem. Soc.' Ixxiv. II. 
j Rhodansalze im S^xiichel. | 415 (Abs.) 

. j Zur chemischen Constitution des ; ‘ Bihang till K. Vet. Akad. 
j' Rutihj. (Read March 10.) j Handl.' xxiii. Afd. i. No. 

j I 3, 8 pp. ; * Zeitschr. f . 

anorg. Chem.' xviii. 85 
(Abs?.); ‘Chem. Centr.' 
^ 1898, II. 1068 (Abs.) 

. Sul potorc rifrangente e dispersivo ; ‘ Ua/.z. chira. Ital.* xxvii 
del silicio nei suoi composti. ‘ II. 437-455 ; ‘ Beibliittcr,' 

. (Read June 12.) x.\ii. 557 (Abs.); ‘J. 

Chem. Soc.' Ixxiv, II. 274 
' (Abs.) 

. ' Note on the Chemical Composition *Astrophy.s. J.'vi. 22-26; 
oC the Mineral Rutile. (June.) ‘ Chem, News,' Ixxvi. 102 

104.«. , . 

. Observations .sur les spectres des ‘ Bull. Soc. Chim.* [3] xvii. 
comix>s6s. (Read Julv 23.) 774-778 ; ‘ Chem. News,* 

Ixxvi. 277 (Abs.); ‘J. 
Chem. Soc.’ Ixxvi. II. 

: 197-198 (Abs.) 

, Sptetres de dissociation des sels ‘ Bull. Soc. Cliim.'[3] xvii. 
i fondus. MC'taux alcalins, sodium, 778-782 ; * Cliem. News,' 
Jithium, potassium. (Read July Ixxvi. 244-216 ; ‘J. Chem. 
^3.) Soc.' Ixxvi. II. 198 (Abs.) 

Spectres de dissociation des sels ‘ Bull. Soc. Chim.' xvii. 
fondus; m6tallo*idcs,chlorc,brome, 897-901; ‘Chem. News,' 
iodo. (July.) Ixxviii. 28-29 ; ‘ Science 

Abstr.' i. 247-248. 

and The Speotrographio Analysis of, ‘ Brit. Assoc. Report,' 1897 
Minerals and Meteorites. (Aug.) i 610 (Abs); ‘Chem. News, 

' Ixxvi. 231 (Abs.) 


iVrublewski 


B. Hasselberg 


0. Abati 
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C. Kiingo and F. 
i’aschen. 

F. Kehrraaim 

A. dc Gnimont 
H. Kayser 

A. de Graiuont 

'W. Ramsay and 
M. W. Travers. 


J. Werder 


J. J. Dobbic and 
F. Alarsdeii. 

P. Rebut zenlxjrger 
and O. Boudouard, 

J. Thumscii 

B. Dranner . 

A. Boudouard 

G. Urbain 


Chemical Relations. 1897, 1898. 


i Ueber die Sorienspcctra der Ele- | ‘Ann. Phys. u. Chem. 
{ mente, Rauerstoif, Scliwefel und [N.F.], Ixi. (Hl-GHG 
Releu. (Aug.) ‘ Brit. Assoc. Rep.* 1897 

566; ‘Chem. New.s,* Ixxvi 
266-.26G. 


I Ueber <lie Constitution der Oxazin- ‘ Ber.* xxxii. 2601-2611. 
j Farbstoffe und den vierwerthigen 
Rauerstoft. (Read Oct. 9.) 


Dissociation Spectra of some Fused ‘ Chem. Nows,* Ixxvi. 201- 
Salts. (Oct.) 204. 


Ueber die Spcctren der Elcmentc ‘ Abhandl. Akad. Berl. 
der Platingrup].)e. (Read Dec. 2.) \ 1897, 44 pp. ; * Beiblutter, 

I xxii. 6<»7 (Abs.) 


Spcctre-s de dissociation des scU j * Bull. Soc. Chiin.* [3], xix 
fondiis ; soufre, phospbore, com- 71-59; ‘J. Chem. Soc. 
poses pbosphoreux solides. (Read Ixxvi. 11. 315 (Abs.) 
Dec. 24.) 


1898. 

The Companions of Argon. (Read i 
Jan. 29.) 


The Homogeneity of Helium. 
(Read Jan. 29.) 


Das Refractometer in der W’achs- 
unter.siichung. (Jan.) 

Prejiaration and Properties of 
Ort hochlorobromobenzene. (Read 
Feb. 17.) 

Sur le.s terres yttriques contcnucs 
I <lans les sables nionazit6s. (Read 
Feb. 25.) 

Ueber Abtrennung vnn Helium ans . 
einer naturlichen Verbindung j 
miter starkes Licht und Wiirrn- | 
entwickelung. (Feb.) 

j On Praseodidymium and Neodid}'- 
I mium. (Read March 17.) 

: Sur la nMymc. (Read March 21.) 


j 8 ut la n.'ituTo du didyme qui ac- 
compagne Pyltria provenant des 
sabU« iiionazit<5s. (Read March 
26.) 


‘ Proc. Roy. Soc.’ Lviii 
4.H7-440; ‘fScience Abstr. 
i. 71 8 (Abs.); ‘ Beibliitter, 
xxii. 613-514 (Abs.) 

‘ Zeitschr. f. physikal 
Chem.’ xxvi. 564-561 
(Abs.) 

* Proc. Roy. Soc.* Ixii 
316-324 ; ‘ Chem. News, 
Ixxvii. 61-64 ; ‘ Chem. 

Centr.* 1898, I. 707 
(Abs.) 

‘ Chem. Zeitung,’ xxii. 3«, 
,59 ; ‘ Chem. Centr.* 189«, 
I. 477, 631-532 (Abs.) 

‘J. Chem. Soc.* Ixxiii. 
254-256; ‘Chem. Centr.’ 
1898, 1. 1103 (Abs.) 

•Bull. Soc. Chim.* [-1], 
xix. 227-244. 


‘ Zeitschr. f. phy.sikal. 
Chem.* XXV. 112-114; 
‘Chem. Centr.* 1H98, I- 
666-667. 


“Proc. Chem. Soc.’ xiv. 
70-72; ‘Chem. Centr. 
1898, 1. 919-920. 


‘ C, R.’ exxvi. 900-901; 
‘ J. Chem. Soc.* Ixxiv. 11. 


618 (Abs.) 

‘Bull. Soc. Chim.’ M- 
xix. 381-3S2: ‘ Chem. 
News,’ IxxviU. 74; •}• 

Chem. Soc.’ lx*vi. 
424-426 (Abs.) 
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A. tie Gramont 


J. W. Briilil . 


L. tic Gramont 


. \V. liriilil 


F. Kriij^cr 


W. Ramsay and I 
M. W. Travers, j 


A. Boudouard 


Sir W. Crookes 


W. Ramsay and 
1^1. AV. Travers. 


A. do Gramont 


W. Ramsay and 
M, W. Travers. 


ClIKMlCAL ReLATIONH, 1898. 

An<alyse spectrale des compo.st's j ‘ C. R.* cxxvi. 1155-11^7; 
non conductcura par les sels ‘ Naturcf Ivii. 024 (Abs.); 
fonduB. (Head April 18.) * Chem. News/ Ixxvii. 

118-119. 


Spcctroobcinic des StickstofTs. 

^ VI. (Read May 12.) • | 


Analyse spectrale de • qaelqucs 
minCraux non conducteurs par 
le.s sols fond us ct reactions des 
Clements. (Read May 23.) 

Spectrochemie des StickstofFs ; 
VII. Sauerstofiverbindungen des 
Slick.stofFs im gelostem Zustandc. 
(Read May 23.) 


Die Rcstimmung des H.amoglobin 
Im Katzenblute. (May.) 


Sur nn nouvel elCmcnt, consti- 
tiijfnt de Pair atiuosphvrique. 
(Rend June 6.) 


Sur les terres yttriSues contenues 
dans le.^ sables luonasitCs. (Read 
June G.) 

On the Position of Helium, Argon, 
and Krypton in the System of 
Elements. (Read June 9.) 

On a Now Constituent of Atmo- 
spheric Air. [Krypton.] (licail 
June 9.) 


Spectres de dissociation des sels 
fondus ; nietalloidcs, carbonc. 
(Read June 10.) 

Spectres do dissociation des sels 
fondus ; metalloYdcs, silicium. 
(Read June 10.) 

Kouveaux gaz de Fair atmo- 
spliCrique. [Neon.] (Read June 
20 .) 


‘ Zcftschr. f. physikal. 
Chem.’ XXV. 677-G50 j 
‘Her.’ xxxi. 1.350-1370; 
‘ .J. Chem. Soc.’ Ixxiv. II. 
362-363 (Abs.) ; ‘ Chem. 
New.s/ Ixxix. 202 (Abs.) 

‘ C. R.’ cxxvi. 1613-1515 ; 

• J. Chem. Soc.’ Ixxiv. II. 
635-636 (Abs.) ; ‘Chem. 
Ncw.s/ Ixxyiii. 2-3. 

‘ Zeitschr. f. pliysikal. 
Chem.’ xxvi. 47-76; 
‘Her.’ xxxi. 1465-1477; 

* Beibliitter/ xxii. 661- 
662 (Abs.); ‘J. Chem. 
Soc.’ Ixxiv. II. 417-418 
(Abs.) ; ‘ Chem. News,’ 
Ixxix. 215 (Abs.) 

‘Zeitschr. f. physiol. 
Chem.’ xzv. 256-257 ; 
‘Chem. Centr.’ 1898, II. 
494 (Abs.) 

‘C. R.’ cxxvi. 1610-1613; 

• Chem. Centr.’ 1898, II. 
81 (Abs.); ‘Chem. News,* 
Ixxvii. 270 (Abs.) ; ‘ Na- 
ture/ Iviii. 167 (Abs.) 

•C. B/ cxxvi. 1648-1651; 
‘ J. Chem. Soc.’ Ixxiv. II. 
687(Abs.); ‘Chem.News,’ 
Ixxviii. 28. 

‘ Proc. Roy. Soc.’ Ixiii. 
408-411; ‘Zeitschr. f 
anorg. Chcm.’xviii. 72-76. 

‘Prea. .Roy. Soc.* Ixiii. 
405-408; ‘ C. R.’ cxxvi. 
1610-1613 ; ‘ J. de Phys.* 
[3], vil. 393-396; ‘ Bei- 
blattcr/ xxii. 613-014 
(Abs.) 

• Bull. Soc. Chim.* [3] xix. 
648-650 ; ‘ Chem. News,* 
Ixxviii. 270-271. 

‘ Bull. Soc. Chim.’ [3], xix. 
651 ; ‘ Chem. News/ 

Ixxviii. 268 (Abs.) 

‘ C. R.* cxxvi. 1762-1763 ; 

* Chem. Centr/ 1898, II. 
81 (Abs.) ; * J. Chem. 
Soc.’ Ixxiv. II. 674 (Abs.) 
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itEroRT— 1901. 


G. Urbain. 


A. dc Oramont 


K. Nasini, F. An- 
dcrlini, and K. 
Salvador!. 

J. Dewar . 

O. Neovius . 

W. Ram?ay and 
M. W. Tiavcr.^. 


A. de Gramont 


H. R. Procter . 


W. Ramsay and M. 
W. Traver?. 


W. Ramsay . 


E. P.iegler 


A, J. S waving 


Chemical Relations, 1808. 

Sur les torres yttri«iues provcnant , 
des sables monazitds. (Read 
July 11.) 

Analyse spectrale <los corps non- - 
conduct eurs par Ics scis foiidus. i 
(Read July 22.) 

Sul In probubilc prescnza dbl 
coronio e di luiovi elcmcnti 
iiei gas della Stdfatara di P4)S- ! 
suoli e del Vesuviu. (Road 
Aug. T.) 

I Metargon. (Aug) 

I Ueber das vcriniitfdiche Vorkom- 
nicn cincs bis jetzt unbekannten 
j Stotfos in der Atmospliare. i 
; (Sept.) I 

j 

i 

p Extraction from Air of the 
' - o^iions of Argon, and on 

“• ■•’(Sept.) 


ns .sur quelqucs speot res ; 1 
ii, tellure, selCTauni. ' 


. Tht* Refractive Con.stant in Oil and 
! fat analysis. (Nov.; 


; The Preparation and some of the 
' Plfcjenic.s of Pure Argon. (Read 
IJ.) 

I 


1 Jeber die neuerdings entdeckten . 
Ga.<e und der Reziehung zam 
periodvK^hen Gesetz. (Read Dee. 
10 .) ) 


Fine neue Methode zur Re.stim- ; 

I mung der Phosphorsaure auf re- j 
fractometrLschem Wege. (‘ Rule- i 
tinul Soc. Sci. Bucarest/ vii. 172- ■ 
171.) 

Ueber die p actische Verwendung 
des Hefractometers fiir die Buttei- 
untersuchung. (* Landw. Ver. 
Stat.’ xlix.341-347.) 


, *C. R.’ cxxvii. 107-108; 
; ‘ Chein. Centr.* 1898, II. 

408 (Abs.) ; ‘ Chem. 

News,* Ixxviii. 61. 

‘Bull.Soc. Chim.’ [:i],xix. 
74jS-746; *Chem. Centr.’ 
1OT8, II. 788 (Abs.) 

‘ Atti R. Accad. d. Lincci 
[5], vii. 7:»-74 ; * Chem. 
Centr.’ 189S, II. 617 
(Ab.s.); *J. Chem. Soc.’ 
Ixxvi. II. 482- 483 (Abs.) 

‘ Nature,’ Iviii. 310; ‘Bei- 
bliitter/ xxiii. 395 (Abs.) 

‘Ann. Phys. u. Chem.' 
[N.B'.], l.xvi. 162-169; 
‘Chem. Centr.* 1898, 11. 
232 (Abs.) ; * Science 

Al^str.* ii. 32; ‘Nature,’ 
lix. 46 (Abs.) 

* Brit. A.ssoc. Reixirt,* 1 898, 
828-830; ‘(’hem. News.* 
hxxvii. 154-133 ; • ('hem. 
Centr.* IS'.ls, H. 852-853 
(Abs.) 

* C. R.’ cxxvii. 866-868 ; 
‘(’hem. Centr.’ 1899, I. 

. 14(Ab5.);‘J. Chem. Soc,’ 
Ixxvi. IT. 199 (Ab.s.); 
‘ (!lieiii. New.s,’ Ixxix. 35 
(AU.) 

‘J. Soc. Cbcm. Ind.’ xvii. 
1021-1026; ‘J. Chem. 
Soc.* Ixxvi. ir. 258 (Abs.); 
‘(’hem. Centr.’ 1899, 1. 
233-234 (Abs.) 

‘ Proc, Roy. Soc.’ Ixiv. 
183 192; ‘Chem. News,* 
Ixxi.x. 49-60; * Zeitschr. 
f. pliysikal. Chem.* 241- 
230. 

*Ber.’ xxxi. 3111-3121; 
‘Chem. Centr.* 1899, I. 
323-324 (Abs.) ; • J. 

(!hcm. Soc.’ Ixxvi. II. 
2U-212 (Ab.**.); ‘ Science 
Alwtr.* ii. 370-371. 

‘Chem. Centr.’ 1898, II. 
313-314 (Abs.) 


‘Chem. Centr.* 1898, I. 
352 (Abs.) 
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H. Eikes 

Sir J. Conroy 

A. Nabl . 

r». Hasselberg 

M. Wager 

W. N. Harlley and 
H. Ilamage. 

Sir J. N. Lockj er . 

W. Hallwachs 

It. T. Gunther and 
J. J. Manley. 

M. Berthelot . 

P. Lewis 

C. Btnedicks . 

J. B. Frankforter 
and K. P. Hard- 
ing. 

^ Chilcsotti . 

■Sir J, N, Lockyer . 


CifKMicAL Relations, 1898, 1899. 

Kcfractometrische Bieranalyse *| *Chcm. ^Centx;,* 1898, I 
nach Herkules Tomoe. OOesterr. i:^ll (Abs.) 

Ohem. Zeitong,’ i. 7-9.) 


1899. 

On the Kefractlve Indices and 
Densities of Normal and Semi- 
normal Solutions of Hydrogen 
Chloride and the Chlorides of the 
Alkalis. (Head Jan. 19.) 

Ueber farbendc Bdbtandtheile des 
Amethysten, Citrins, und gebrann- 
ten Ametliystcn. (Read Feb. 3.) 

Note sur la di^sion cosmique de 
vanadium. (Read March 8.) 


Oel- und Fimisanalyse mitt els Pte* 
fractometers. (March.) 


A Spectrographic Analysis of Iron 
Meteorites, Sidcrolites, and Me- 
teoric Stones. (April.) 

The Present Standpoint in Spec- 
trum Analysis. (April.) , 

Ueber ein Doppelrefractometer 
und Unter-suchungen mit dem- 
selben an Ltisungen von Brom- 
cadmiuni, Zucker, l>i- und Tri- 
(^hloressigsiiure, sowio deren 
Kaliumsalzc. (May.) 

On the Waters of the Salt Lake of 
Urmi. (Read June 15.) 

Nouvelle.s recherches sur I’argon et 
ses combinaisons. (Read July 10.) 

Ueberden Kinfluss kleiner Beimen- 
gungen zu eioem Gase auf dessen 
Spectrum. (July.) 


Beitriigc zur Kenntnis des Gado- 
liniums. (Sept.) 


A Chemical Study of Wheat. (Sept.) 


Sul potero rifrangente di alcuni 
idrocarburi a nuclei benzolici con- 
densati. (Read Nov. 14.) 

The Methods of Ino^Anic Kvolu- 
tion* (Nov.) 


* Proc. Roy. Soc.’ Ixiv. .308- 
318. 


1 ‘Monatsh. f. Ohem.* xx. 
i 272-281; ‘ J. Chem. Soc.' 
j Ixxvi. 11. G61 (Abs.) 

: ‘ Oefvers. K. Svenska Vet. 
; Akad. Forbandl.’ Ivi. 131- 
i 140; *J. Chern. Soc/ 
! Ixxx. II. 231. (Abs.) 

‘ Zeitschr. f. angew.Chem.* 
1899, 297-300; ‘Chem. 

: Centr.* 1899, I. 1004- 
! 1005 (Abs.) 

j ‘Astrophys. J/ ix. 221- 
1 228. 

f 

* Nature,’ lix. 585-588. 


* Ann. Phys. u. Chem/ 
[N.F.], Ixviii. 1-4 ; ‘J. 
Chem. Soc.* Ixxvi. II. 
461-462 (Abs.) ; ‘Science 
Abslr/ ii. 597. 


1 ‘ Proc. Roy. Soc/ Ixv. 
{ 312-318: ‘Nature,* lx. 
I 359-360 (Abe.) 

; ‘C. U/ cxxix. 71-84; 
j ‘ Nature/ lx. 288 (Abs.) 

‘Ann. Phys. u. Chem/ 
[N.i'.J, ’Uix. 398-425; 
•Astrophys. J.* x. 137- 
163 ; * Science Abstr/ iii. 
, 181. 

‘ Zeitschr. f. anorg. Chem.’ 
xxii. 393-421; ‘Ohem. 
News/lxxxi. 51-53, 62- 
63, 77-78. 

* J. Amer. Chem. Soc.* 
xxi. 758-769; ‘J. Chem. 
Soc.’ Ixxviii. II. 37»(Abs.) 

‘ Gazz. chim. Ital/ xxx. I. 
149-169 ; * Chem. Centr/ 
1900, 1. 797 CAbs.) 

‘ Nature,* Ixi. 1‘29-131, 
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RErORT—lOOl. 


A. Haller andP.^. 
Milllor. < 

F. Stolle 

J. Formuiick , 

V. Arnold 

S. Young and | 
Emily C, Fortey. 

W. K. Hartley and 
J. J. Dobbie. 

A. Ladenberg and | 
C. Krugel. 

B. Demarc;ay . 

J. Formunek . 

• ^ 

Sir J. N. Lockyer . 

E. Demar^ay 

G. V. Gcorgicvics 
an(t E. Valenta . 

E. Dcman;ay . 


CllEMICAIi ItKLATlONS, 11)00. 


Sur las refractions moieculaircs, la { ' C. 11.' cxxix. 1005-1008 ; 
disporsioii moieculaire, et lo pou- ' Beiblatter,' xxiv. 41K 
voir rotatoire do qiielqucs alcoyl* (Abs.); *J. Chcui. »Soc.’ 
camphn^s. (Read Dec. 11.) Ixxviii. I. 182 (Abs.) 


rntcrsiichungen iibcr Karnmel> 
kr»rpor. II. Quantitative Rcstim- 
mung dcs Kararaels in wasserigen 
Losungen mittels dcs Spectro- | 
scops. ^ j 


‘ Zcitsobr. vcr. Hiibcn- 
nicl or-Industr,' xlix. 
839-842 ; ‘ Chcm. Ceiitr.’ 
1899, II. 10‘.H) (Abs.); 
‘J. Chcm. Soc.’ Ixxviii. 
II. 249-250 (Abs.) 


Ucber den spoctroscopbclicn Nach- ‘ Chem. Centr.’ 1899, I. 
weia der organircben Farbstotfe 947 (Abs.) 

C Z. Untcrs. Nahr.-Ganus.Mi. 200- 
2T3.) 

! Ein llcitrag zur Spectroscopie des * Chem. Centr.’ 1899, II. 

Blutes (* Ceutralbl. f. med. Wiss.’ j 344 (Abs.) 
i xxxvii. 105-468.) ; 


1900. 


Note on the Refraction and Mag- 
netic Rotation of Hexaniethylcne. 
(^Read Feb. 16.) 

Spectrographic Studies in Tauto- 
mcrisin. The Absorption Curves 
of the Ethyl Esters of Dibenzoyl- 
succinic Acid. (Rexid March 1.) 

Ueber das Krypton.* (March.) 


•J. Chcm. 8oc.* Ixxvii. 
.372-374 ; * Pi oc. Chcm. 
8oc.’ xvi. 44 (Abs.) 

‘J. (*hem. Soc.’ Ixxvii. 
198-612; ‘Proc. Chcm. 
JSoc.’ xvi. 67-58 (Abs.); 

. * Chem. News,’ Ixxxi. 141 

; (Abs.) 

, * Sitzungsb. Akad. Berlin,* 
• 1900,212-217; ‘J.Chem. 
iSoc.’ Ixxviii. II. 540 
(Abs.) 


Snr le Samarium. (Read April 30.) ‘ U. 11.* cxxx. 1185-1186; 

« ‘Chem. Centr.’ 1900, I. 

: 1 l99-1200(Ab8.); ‘Chem. 

News,’ Ixxxi. 251 (Abs.) ; 
; ‘J. Chcm. Hoc.* Ixxviii. 

I II. 469 (Abs.) 

Ueber Acetophenon Azobilirubin. ! * Zeitschr.f. physiol. Chem.* 
(April.) I xxix. 411-415; * Chem. 

; Centr.* 1900, II. 129 
' (Abs.) 


; On the Chemic;il Classification of j 
I the Stars. (Read May 4.) 


: Snr les terres inconnucs contenuc.s | 
dans la samarine brute. (Road j 
May 28.) j 

’ Ueber die Azofarbstoffe aa.s 3- 
naphtol uiid den Monosulfosiiuren 
j des a - naphtylamins. (Read 
I June 15.) 

I Sur le gadolinium. (Read July 30.) 


‘ Proc. Roy. Soc.' Ixv. 186- 
191; ‘Nature,’ lx. 62-54 ; 

* J. Chem. Soc.* Ixsvi. II. 
718 (Abs.) 

‘XJ. R.’ cxxx. 1109-1472; 

‘ Chcm. Centr.* 1900, II. 
19-20 (Abs); ‘Chem. 
>(pws,* Ixxxi. 311 (Abs.) 

‘Monatsb. f. Chem.' xxi. 
8.31-844 ; ‘ Chem. Centr.* 
1901, 1.222 (Abs.); ‘Bol- 
blatter,* xxv. 194 (Abs.) 

•0. B.* cxxki. 343-346; 
‘J. Chcm. Soc.* Ixxviii. 
II. 697-698 (Abs.) 
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Chemical Relations, 1900.— Theobbtical Papebs, 1897, 1898. 

P. Lewis Ueber den Einiinss kleiner Bei- ‘ Ann. derPljy8.’[4] i. 447- 

niengungen zu einem Gase anf 458; * Nature,’ Ixii. 381 
dcMsen Spectrum. II. Abth. (July). (Abs.); *Astrophy8. J.’ 

xii. 16-23; *J. Chem. 
Soc.’ Ixxviii. I. 701 (Abs.) 

C. Riviere Indice de r6fraction et dispersion ‘C. 11.’ cxxxi. 671-672; 

du brome. (Read Oct. 22.) ' Nature,’ Ixiii. 24 (Abs.) 

W. Ramsay and Argon ctnd its Companions. (Read ‘ Proc. Roy. Soc.’ Ixvii. 

M. W. Travers . Nov. 1.0.) 329-3.33; ‘ Nature,’ Ixiii. 

166; * Chem. News,’ 

Ixxxii. 257-268. 

W. N. Hartley and On a Simplified Method for the ‘ J. Chem. Soc.’ Ixxix. 61- 

11. Ramage. . Spectrographic Analysis of Mine- 71; ‘Proc. Chem. .Soc.’ 

rals. (Read Nov. 15.) xvi. 191 (Abs.); ‘Chem. 

News,’ Ixxxii. 277 (Abs.) 

W. Muthmann and Beitriige zu Spectralanalyse voe^ ‘ Ber.* yixAi. 2653-2674 ; 

L. Stiitzel . . Praseodym. (Nov.) ‘Chem. News,* Ixxxii. 

282 (Abs.) 

Zur Empfindlichkeit der Spectral- ‘ Beiblatter,’ xxiv. 471 
reactionen. (‘Wien. Anz.’1900,78.) (.\bs.) 

Ein weiterer Beitrag zum spec- i ‘Chem. Centr.’ 1900, i. 
tralen Blutnachweis. (‘Viertel- j 688-689. 
jahrb. f. ges. Med.* xix. 1-9.) 1 

Ueber die gleicbseitige Bestim- 1 ‘Chem. Centr.* 1900, i. 
mung zweicr FarbstoHe im Blute | 512-513 (Abs.) ; ‘ J. 

mit Hiilfe des Spectrophotometer. ! Chem. Soc.* Ixxviii. II. 
(• Arch. f. Physiol.’ 1900, 39-48.) ' 459 (Abs.) 

Quantitativen Zuckerbestimmun- ' Chem. Centr.’ 1900, i. 
gen mit dem Eintauschrefracto- 626-627 (Abs.) 
meter. (‘ Centralbl. f. inn. Med.’ 
xxi. 201-247.) 


IX. 

THEORETICAL PAPERS. 

1897. 

G. F. FitzGerald . | Zeeman’s Phenomenon. (Sept.) . ‘ Nature,* Ivi. 468. 

A. Cornu , . j Sur Tobservation et I’iiiterprctation | ‘ S6anc§s de la Soc. Fran?. 

j oinfimatique des ph6nom^Des d6- I de Phys.’ 1897, 138-143. 
couvertes par M. le Dr. Zeeman. | 

(Read Nov. 5.) 

H. A. Lorentz , Ueber den Einfluss magnetischer ! ‘ Ann. Phys. u. Chem.’ 

I Kriifte auf die Emission des ; [N.F.], Ixiii. 278-284; 

!•Licht€s. (Dec.) j ‘Science Abstr.’ i. 387- 

I 388 

1898. 

Die Qptische Constanten des Na- ‘Ann. Phys. u. Chem.’ 
triums. (Feb.) I [N F.], Ixiv. 169-162; 

I ‘ Nature,’ Ivii. 600 (Abs.) 

Pjpof. C. Range and F. Paschen’s i ‘ Nature,’ Ivii. 320-321 ; 
Researches on the Spectra of Oxy- ; ‘ Ann. Phys. u. Chem.’ 
gen, Sulphur, and Selenium. (Feb.) 641; ‘Bei- 

• bliitler ’ xxii. 400 (Abs.) 


P. Drude 

A. Schuster . 


F. Emich • 

K. Ibsen • 

Q. Hiifner • 


J. A. Grober . 
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Theouetioal Papers, 18t>8. 

Cr. F. FitzGerald . | Note on the Connection between 
the Faraday notation of Phinc of 
Pohu'isntion and the Zeeman 
Change of Frequency of Light Vi- 
j brations in a Magnetic Field. 

I (Kead Marcli 10.) 


‘ Proc. Roy. Soc.' Ixiii. .*11- 
;15 ; * Science Alwtr.* i. 
:186-;187 ; ‘ lloibliitter/ 

xxii. 869-870 (Abs.) 


A. Piliiger 


Priifung der Ketteler-Hclmholtz- 
’iichen Dflpersionsformeln an den 
optischen Constant en anomal- 
dispergirender fester Farbstoffe. 
(April.) 


‘ Ann, Phys. u. Chem.’ 
[N.F.l Ixv. 173-2i:i ; 
•Science Abstr.* i. 637- 
638. 


Nachtrag zu der Abhandlung I *Ann. Phys. u. Chem/ 
‘ Priifung der Kettelcr-llelm- [ [N.F.], Ixv. 225-228. 
holtz'schen Dispersionsformeln 
an den optischen Constanten 
anon^l - dispergirender fester 
Farbstoffe/ (April.) 


J. G. Leathern 


J. Wilsing 


A. liigbi 


H. A. Lorentz 


•S. A Mitchell 


Lord Kelvin 


C. A. Mebius . 


W. Voigt 


A. Bovida 


i 

1 


I 

. ! 

i 

i 


i 


Priifung der Cauchy’sehen Formeln 
der Metal Iretlcxion und den opti- 
schen Constjinten des festen Cya- 
niiis. (April.) 


‘ Ann. Phys. u. Chem,* 
[N.F.]. Ij^v. 214-224; 
‘Science Abstr.’ i. 639 
(Abs.) 


On the Possibility of Deducing ! ‘ Tnms. Phil. Soc. Camb/ 
Magneto-optic Phenomena from a i xvii. 16-40; * Proc. Phil. 
Direct Modification of an Electro- * Soc. Camb.' ix. 630-631 
dynamic Energy Function. (Read j (Abs.); * Beibliitter/ 

May 16.) | xxiii, 257-258 (Abs.) 

Theoretical Considerations respect- | ‘^strophj^. J.’ vii. 317- 
ing the Dependence of Wave- j 3*29 ; ‘ Beibliitter/ xxii. 
length on Pressure which Messrs, j 558-559 (Abs.) ; ‘ Sciencj 
Humphreys anrl Mohler liave j Abstr/ i. 039-640. 
observed in the Arc Spectra of j 
certain Elements, ('lay.) j 


. , Sulla interpretazionc cinematica 
del fenomeno di Zeeman. (Rend 
June 11.) 


* Rend. R. Accad. d. Li ce ’ 
[6], vii. I. 295-301 : 
* Science Abstr.’ ii. 166- 
167. 


Ileschouwingen over den Invloed j ‘ Zittingsvcrsl. R. Aka<l. 
van een magnetisch Veld op de Amsterdam/ 1898-9, 
ITitstraling van Llcht. (Read I Deel, vii. 113-122 ; 

June 25.) | ‘ Nature/ Iviii. 360 (Abs.) 


Notes on the Concave Grating. | * Johns Hopkins Univ. 
(June.) I Circ.’xvii. 66-58 ; ‘Astro- 

phys. J.’ viii. 102-112. 


TheDynaniical Theory of Refraction * Brit. Assoc. Report/ 1898, 
and Anomalous Dispersion, (Sept.) 781^783. 


Om B. Galitzin’s teorie for spectral- 
liniernas utbredning. (Read Oct. 
12 .) 


* Oefvers.af. K. Vet. Acad. 
Forh/lv. 486-495; ‘ Bei- 
blatfer/ xxiii. 419-420 
(Abs.) 


Zur Thcorie der von den Herrcn 
Macaluso iind Corbino entdcckten 
Erscheinungen. (Read Nov. 26.) 

La luce monocromatica come 
vibrazione ammortita. (Nov.) 


<Gott. Nachr.’ 1898, IV. 
849-354. 


*Hivista scientifica,’ xxx. 
225-236; * Science Abstr/ 
ii. 699-6<tO. 
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Theoretical Papers, 1808. 


K, V. Kovcsligethy 

Dor beiden Parametcrgleichungen 
der SpectralanaljHe. 

' Math. u. naturwiss. Bcr. 
aus Un2;arn,* zvi. 1-50 ; 

* Bei blatter,* zxiv. 1280- 
1281 (Abs.) 

J. Hartmann . 

Ueber ein cinfacbo Interpolations- 
formel fiir das prismatische Spec- 
trum. (‘ Publ. d. Astrophys. 
Observat. zu Potsdam,* xii. 25 pp.) 

‘ Astronh^s. J.’ viii. 218- 
222. 

Ch. Fabry anti A. 
Perot. 

Thfjorie ct applications d\inc 
nouvelle methodc de spcctroscopie 
interfdrenticlle. (.Tan.) 

‘ Ann. Chim. etPhys.* [7], 
zvi. 1 1 5-1 44 ; * Beiblatter.’ 
xxiv. 178-180 (Abs.) 

D. Macaluso and | 
0. M. Gorbino. j 

i 

Sulla rebizionc tra il fenomenodi 
Zeeman e la rotazione magnetica 
anomala del piano de polarizza- 
zionc della luce. (Head Feb. 5.) 

! * Rend. R. Accad.d. Lincei ’ 
j [.o], viii. I. 116-121; ‘Il 
! Xuovo Cimento* [4], ix. 
j 38 4-389. 

A. Cotton . . ! 

i 

L’aspect actuel de la loi de Kirch- 
hoir. (Feb.) 

{ * Rev. gen. des Sciences, * 
! X. 102-115. 

i 

Lord Kelvin . . j 

i 

1 

Application of SellmeierV Dynami- 
cal Theory to the Dark Lines, D,, 
Do, produced by Sodium Vai^our. 
(Feb.) 

I ‘ Phil. Mag.* [5j,xlvii. 302- 
! 308 ; ‘ Science Abstr.* ii. 

(>38 ; ‘Astrophys. J.* ix. 
i 231-236. 

0. M. Corbino . j 

1 

1 

1 

Sulla dipendenzatra il fenomcno di 
Zeeman e le altri rnodificazioni 
chc la luce subisce dai vapori 
inelnlUci in un campo niagnctico. 
(Head March 5.) 

j ‘ Atti R. Accad. d. Lincei * 

I [5], viii. I. 250-254; 

1 * Science Abstr.* ii. 661- 

j 

J. Larmor . . j 

On ^the Origin of Magnolo-optio 
Potation. (Head March 6.) 

*Proc. Phil. Soc. Oamb.* 
X. 181-182; ‘ Nature,* lix. 
527 (Abs.) 

F. Schlesinger . | 

Reduction to the San of Observa- 
tions for ^lotion in the Line of 
Sight. (Feb.) 

‘Astrophys. J.' ix. 150- 
161 ; ‘ Science Abstr.* ii. 
728. 

11. Poincare . . ' 

La tbt'orie de Lorentz et le pheno- 
iiiene de Zeeman. (April.) 

1 ‘ I/^clairagc eloctrique,’ 

! xix. .5-15: ‘Science 
j Abstr.* ii. 737. 

H. Veillon 

Elementarc gcometrische Behand- 
lung dcs Mininiumsder Ablenkung 
btfiin Prisma. (May.) 

! ‘ Zeitsebr. f. phys. u. 
ohem. Unterr.* xii. 150- 
152; ‘ Beibliitter,* xxii. 
552 v.^«bs.) 

W. Voigt . . j 

1 

1 

Wcitercs zur Thcorie dcs Zeeman- 
clTccte.s. (June.) 

j ‘ Ann. Phvs. n. Chein.' 
i [X.F.], Ixviii. .352-364; 

• iScience Abstr.’ ii. 662. 

I 

Zur Erkliirung dor untcr gewissen 
^Umstiiudeu cintretenden Ver- 
breiterung und Unikebrung der 
Spectral! inicn. (July.) 

‘Ann. Phys. u. Chem.* 
[N.F.], Ixviii. 604-606 ; 

‘ Science Abstr.’ ii. 737 - 
738. 

Lord Rayleigh . j 

* The Theory of Anomalous Disper- 
sion. (July.) 

! ‘ Phil. Mag.' [5], xlviii. 

1 151-152; ‘Beibliitter,’ 
xxiii. ‘J83 (Abs.)* 

W. Voigt 

Bemerkung iiber die bei dem 
Zceman’schcQ Philnomen statt- 
hndcndeii Intensitatsvcrhalt- 

nisse. (Sept.) 

‘ Ann. Phys. u. Chem.’ 
[N.F.], Ixix. 290-296; 
‘Science Abstr.* ii. 822 
(Abs.) 
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H. A. Lorentz 


W. A. Micliclson 


TheOBKTICAL PAPEBS, 1898, 1!)00. 


7a\t Theorio dcs Zeemanoffeotes. j * Phys. Zoitachr.M. 89-41 ; 
/Oct.) j * lieiblUtter,* xxiv. 930- 

931 (Aba.) 


Ziir Fnige iibor die riclitij^e An- 
wendunjir dos Popplor’aohou I*riu- 
zips, (in Ru.ssian.) 


M. Hubs. Phys. C'hcm. 
Soc/ xxxi. 119-135; 
‘ BeiWiitter,’ xxiv. 951- 
253 (Abs.) 


1900. 


A. de Graraont 

E. Kiccke 

W. \V. Campbell 

H.‘ Lehmann . 

E. V. Capps . 

U. Planck . 

J* • 

G. J. W. CreaK-r 

C. Viola 


i^iir qiiclques consequences de.s 
formulas du prisme. (Head Feb. 
12 .) 

Zur kinet ik der Serienschwinjjriin 
eines Liniensjwctnims. (Feb.) 


. . The Determination of the Moons 
Theoreticiil Spectrographic Velo- 
\ city. (March.) 

. Uober Spcctralappamfo iiiit dreh- 
! barem (litter. (July.) 

, I Bestimranng dcs Spaltwcrthes fiir 
I spectrophotonieirische Me.ssungen. 
: («ept.) 

. Ufber cine Verhosserung der Wien 
st'hen Sj)ectralgleichung. (Hoad 
Oct. 19.) 

. Zur Theorie dcs Gesetzes der 
Energievertheilung im Normal- 
, spectrum. (Head Dec. 14.) 

. j Indices tie v*'fractit»n dcs solutions 
j du chliii un* <le cjdciiim. 

. j J^e devia/.ioni niiniiac ticlla luce 
I mediant o prismi di .so.stan/.c 
uniaotropc. 


‘ C. U.’ exxx. 403~40(> ; 
‘ Reibliitter/ xxiv. 450 
: (Abs.) 

‘ Ann. der Phys.' [4] i. 391L 
413; ‘Science Abstr.* 
i iii. 308 ; * Phvsiknl. 

; Zeitschr.’ ii. 107-108. 

j ‘Astrophys. J.’ xi. 141 
142; * Heibliitier,’ xxiv. 

: 784, 785 (.\b.s.) 

‘Zeit.schr. f.Iiistrnmenten- 
kunde/ xx. 193-204. 

i ‘ Pbysikal. Zeitschr.’ i. 
558-560. 


‘ V^’crli. Dcutsch. pliys. 
Ge.scdlsch.’ [2], ii. 2*>2- 
201. 

; iVerh. f)eutscb. phys. 

Ge.«»ellsch.* [2], ii. 237- 
245 ; ‘ Scieiu'o Ab.str.’ iv. 

: 230. 

‘ Areli. 11 ^‘Ci land.’ f21. v. 
20 H 21 .T ; ‘ Seieiie<*.*\b.str.’ 
iv. 

, lh*nd. H. .\(’ea<l.d. Lineei * 
[5J,iN. I. 196-201. 


List of the Chief Ahhreviatiovs uml in the ahore C<Ualiujw\ 


Ahbrcviiitrrl Title. 

Amer. J. Sci. 

Ann. Agron. 

Ann. Cbem. u, Pharm. 

Ann. Chim. ct Phy^. . 

Ann. de Chim. . 

Ann. Ob.s. Bruxelles . 

Ann. Phys. u. Chem. 

• 

Arch, de Geneve 

Arch. f. Anat. u. Physiol. 

Arch. f. d. gesammte 
Physiol. 


Full Title. 

American Journal of Science (iSilliman’.s). 

Annales Agronoroiques. 

Annaleri der Chemie und I'liarmsLdc (IJehig). 

Annales do ( -himio ei de i’bysique. 

Annalc\s de Chiraie. 

Annuaire de I’Observatoiro de Bruiellcs. 

Annalen der Physik und Chemie [N<‘ue Folircl 
( Wiedemann). ^ 

^chivea des Sciences Phyniquos etSaturelles (Oen^ve). 
Archiv fur pathologische Anatomie und Physioloffie 
und filr klinische Medicin (Vircbow). 

Archiv fur die gesammte Physiologio (Paiiger). 
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Abbrevialod Titlt?. 

Arab. f. o.Yt>cr. l^iUiol. n. 

Pbartnakol. 

Arch. n6erlan(l . 

Astr. Nacbr. 

Aatrophya. J. . * . 

Aiti c). U. Acca'i. d. Lincci 
Heibliittcr .... 

Ber 

Hied. Conlr. 

Bot. Zciiuti^ 

Bull. Antron. 

Bull, iSoc. (/him. 

Bull. So(?. Min. do Prance 
Bull. Acad. Belg. 

(’lioiii. C<-ntr. 

V.M 

Denksclir. Akad. Wien. 


Dingl. J 

Oii7.3s. chiin. ital. 

Cdtt. yachr. 

Handl. Svcn.^-k. Wt. Akad. 

Jahrb. f. rimto^T. 

J. Cheiu. So(\ 

J. lie Phys. 

J. Physiol. . . . ' . 

J. prakt. Cliom. . 

J. Huss. Pliys.-l’liom, Soc. 

J. Soc. nicm. Ind. 

J. Soc. 1*7.101;. do I’hy.'i, 
Math. u. nu*ui\Yi.ss. Bcr. 

aus I nj^urn. 

Bfciii. s|icUr. ital. 

Monatsb. Akad. llerl. 

Monatsli. f. Chcm. 

Month. Not. U.A..S. . 

Oofvcrs. aC K. Vet. Akad. 
I'drli. 

Phil. Mag. .... 
Phil. Tran.s. 

Phot. MihlMdl. . 

Phys. Review . .* 

Phys. Peviic 

Proc. Phy.s. Sov’. ... 

Proc. Roy. lust. . 

Proc. Hoy. Soc. . 

Rec. des trav. ohira. dea 
Pays- Bus. 

Hend. R. Accail. d. Lioce! 
Rev. gfiti. deisi Sci. 

Riv. sci. indust r, . ; 


Full Title. 

Archiv filr expcrlmentellc Pathologic und Pharmako> 
Wie. 

ArchivoK neerlandaiMos .dcs Sciences exactes et natu- 
rellcs (Haaricrn). 

Astronomischo Nachrichten. 

The Astrophysical Journal (Chicago), 

/ktti della Heale Acc;idcmia dei Lincei. 

B^ihliittcr 7.0 don Atmalen der Physik and Chemie 
(Wiedemann). 

Berichto der deiitschen chemischen Geseliscliaft. 

Biedermann*s Centralblatt fiir Agriculturchemic. 

Botanisclic Zeitung. 

Bulletin Astronomhpie (Ob.^ervatoire de Paris). 

Bulletin de la Soch^t^f Chimique^ de J’aris. 

Bulhitin de la Koci/rte Min^ralogiqnc de France. 

BulU'tin de PAcademie royale des .Sciences, des I.<ettres 
el des JWus-ArU de Belgique. 

(MiemischcM Centralblatt. 

Compte.s Rondus de rAcadi*mie des Sciences (Paris). 

Iieiikschriften ilcr Akademio der Wisscnscliaften in 
W i c n ( Mathematisuh - naturwisseuschaftlichc 
Classe). 

I»inglor’.s ]iolytechnii»ches Journal. 

Gaxzetta chimicaitaliana. 

Xairbriiditen von der Georg-Augiist-Universitat und der 
k« >nigl. Gf'sellschaf t der Wi.ssenscluif ten (Gut f ingen). 

llandlingar K. Svenska Vetenskaps Akademiens (Stock- 
holm). 

J.alirbucli fiir Photographic (Edor). 

Journal of the Cheniioal Society of London. 

Journal de Piiysique. 

Journal of Physii>logy. 

Journal fiir praktischo Chemie. 

Journal of the Ru.<sian l*hysico-Chemical Society (in 
Russian). 

Journal of tlio Society of Chemical IndiiMry. 

.lournal de fti fnini;ais(.* dc Phy.siqiic. 

Maihemati:icl»e umi naturwi.'?senschaftii<*he Borichtc 
aus Biig.irn. 

/Momorie doll.i SucietA degU Spot^ roscopisii italiani. 

.Monatsherichte der Ak,adoiuie der Wis.son.schafion 7ii 
Berlin. 

Monatshefte fiir Chemie (Wien). 

.Monthly Notices of the Koy.al .Astrononiicnl .Society < f 
lx)ndun. , , 

Oefversigt af K, Svenska Velenskap.< Akadi-miens Fi»r 
hnndlingar. 

London, Edinburgh, and nubliii Philosophical Mag.izsne. 

Pliilosophical Traiis.'ietions of ihe Royal Society vt 
London. 

IMiotographisclic 31 itthei lunger. (Vogel). 

Physical Review. 

Physikali.'scho Revue. 

Proceetlings of the Ph\sical Si>oioty of London. 

Proceedings of the Roy.d Institution of Great Britain. 

Proceedings of the Royal Society of London. 

Recueil des travaiix ciiimiquos des Pays-Bas. * 

Rendioonttdolln Reale Accaderaia dei Lincei. 

Revue ff6n6ralA des Sciences pures et atmliqu^es 
(Paris). 

Rivista scientiRco-lndusirialc. 
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AbbroviaU'tl Tillo. b’nH Title. 

Sitzungsb. AkiuT beii. . . Sitzungsbcrichte cler Akatknue tier Wissonschaften sa 

. Rorlin. ... i • 

Sjitzungsb. Akad. Miinebon Sitziingsborichte dor kdniglicb baicrischrn Akademio 

. zii Miinchen. 

Sitzungsb. Akad. Wien. . Sitznngsberichto dor Akndoniie der Wia:»cnscnaftcn sii 

t>itzuiigsb. pliys.-incd. Soc. Sitznngsbrrichto dcr pliyt^.-inediciRischen Sociotdt m 
Erlangen. Erlangen. , ..... 

Skand. .\reh. f. Physiol. . Skandlnavisch^s Arehiv fiir Physiologic (liOipzig). 

Verb. pliYS. Gesellsch. Verhandhingen dcr phy.^ikiilischen Gcsollschaft zu 
llcrlin. Perlin. 

Versl. d. K. Akad. Wet. Verslagen van de Koninklijkc Akademic van Weten- 
Amsterdam, schappen to Amsterdam. 

Wien. Anz. . * . . Anzeiger der k. Akatlomic der Wissonscliaften zii Wien. 

Zcit.'^chr. f. anal. (’hem. . Zeitschrift fiir analytisclu; (’liemie. 

Zeitschr. f. anorg. (’hem. . Zeitschrift fiir anorgani.'iche C'hemio. 

Zeitschr. f. Kryst. u. Min. . Zeitschrift fiir Krystallographie iind Mincralogie. 
Zcitschr. f. physikal. (’hem. Zeitschrift fiir physikalische (’hemie. 

Zcits<‘hr. f. phys. ii. chem. Zeitsclirift fiir physikalischcn und chcmischen IJnlcr- 
Unterr. rieht. 

Zcitschr. f. physiol. Chem. Zeitschrift fiir physiologische Chemie. 

Zeitschr. f. wiss. Micro- Zeitschrift fiir wissonschaftlichc Microscopie. 

• scopie. A 

Ah.'iorpfioH Spprtro and Chemical ConMitvllon of Orga/nw Suhsfanccs , — 
Third lixUrim TiCjmt of the Committet^^runslsfbHf of Pndessor W. 
Noel Hartley (Chainnan and f^ecreiarif)^ Professor F. 11. Japp, 
Professor J, J. Dorrik, and Mr. Alexander Lauder, appointed 
if) {nvestirfaif} the Unhition hpiween the Ahsmpiion ISjxectra mid 
Chemical Constitnfion of (htjanic Sahsfanrc.'i, • 

Appendix , — Zint rf Absorjaio/t Sneefra iNresfi^fifnl ..... j/affe 22li 

The Committee decided to report this year upon the examination of 
i.soineric cyanogen compound.s. Tht^ preparation of some of these sub- 
stances in a state of purity liatl proved to be an exceedingly tc'diou.s piece 
of work, but the labour bestowed him been fully justified* by the results 
o1)tained. 

A further contribution to studies in tautomerism has been completed 
by an examination of the absorption spectra of dihenzoyl methane and 
ti-oxybenzalacetophenone (<c-bydroxybenzylidcne acetophenone^}. 

Some wcH*k.o«r the subject of <lyes and the examination of phloro- 
glucinol and its derivatives has also occui)ied much attention ; tliis work 
i.s, however, not yet quite so complete as to admit of it being embodied 
in thi.s repoj-t. The Committee d(*sire to be reappointetl for the purpose 
of completing t he work now in progro.ss. * 

^ c 

The Absorption Spectra of Cyanogen Comjmiwls. By Walter Noel 
Hartley, F.R.S., James J. Dobbie, D.Sc., M.A.^and Alexakbbb 
Lauder, B.Sc.' 

Th^, following iiivesligation was unriertaken with the view of ascer- 
Ijiining whether by an oxaininauon of the absorption spectra of the 
cyanogen compounds it. might be possible to throw some light upon the 

* Trans. Chem. 1001, 70, p. 848, 
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vexed question of the constitution of those substances. Some of the 
substances of a simple constitution l>elon^ing to this ft^oup had Ijeen 
previously examined. 

W. A. Miller and also L. Soret proved the transparency of hydrocyanic 
acid and the cyanides,' and Hartley, independently, found that hydrocyanic 
acid is a remarkably diactinic .substance which exhibits no trace of 
selective absorption.'^ Cyanuric acid, owing to didicujtie.s in its exami- 
nation, arising out of its sparing solubility and the necessity for examining 
warm solutions, at first apnc‘ared Ut give evidence of selectixe ah.s(>riition. 
It wiis substMjuently proved, liowever, that there w'as no absorptiriii band 
even in layers of liquid ‘JOG min. thick, but that the rays between wave- 
lengths .'b‘5B0 and U572 — tliat is, to where the spectrum was sharply cut 
ofl’— were only feebly transmitted.** 

In the pr€*sent research some derivatives of cyanic acid have been 
included, but attention has been directed chiefly to cyanuric acid, melam- 
ine, and their respective alkyl derivatives. 

The derivatives of cyanic acid which were examined are highly 
diactinic and show only general absorption. 

Cyanuric acid is commonly represented as a closed chain compound 
in which the chain is formed of alternate atoms of carbon and nitrogen 
united by alternate double and single bonds (Formula I. ), and a similar 
structure is assigned to the methyl ester (methyl cyanuraUi ; m.p. 135°), 
which is obtained from cyanuric eliloride by the action of sodium 
methylate. The methyl ester (methyl iso-cyauurate, methyl tricarbimide ; 
m.p. 175"), oil the other hand, which is prepared by the distillation of 
pota.ssium cyauato with potas.sium methyl sulphate, is represented as a 
derivative of iso-cyanuric acid (Formula II.), which contains three keto- 
groups and has the cai;bon and nitrogen atoms united by single Ixmds 
only. In this ester the alkyl radicals are directly united to the nitrogen 
atoms. 


Formula. I. 

IIO.C : N.C.On 

I i: 

N : C.N 


Fornmla II. 
OC.XH.CO 
i I 
HN.CO.NH 


C) 


I 

on 

an uric acid. 


Iso-cyanuric acit] or 
tricarbimitlo. 


Pyridine and dimethylpyrazine, in which (here are carbon and nitrogen 
atoms united by alternate double and single Ixmds, exhibit strong and 
persistent absorption bands, the selective ab.sorption being more pro- 
nounced 111 dimethylpyrazine,* which contains two nitrogen atoms, than 
in pyridine, which coj^tains only one. It was therefore to be expected 
that sulistances possessing the constitution assigned to normal cyanuric 
icid and its esters would likewise exhibit marked selective abstirption, 
iud that even to a ^’cater extent than tlimethylpyrazino. 

On the other hand it was to he. anticipateil that the alkyl derivatives 


* JViil. 'J’rans.t 1802, pp. 861-887 ; J, Chvnt. vol. ii. p. <iS : Arc/i, <h's Si'it'ncts 
Geneva, 61, 1878. 

Trans. Chem. *Sr»c., 1882. 41, p. 45. ° i’we. Chnn. 15. p. 46. 

* Trans. Ch^:n. SoC y lllOO, 77, 816. 
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of isO“Cyanuric acid (Formula II.) would l>oliave liko piperidine and other 
bodies composed of a closed chain of Mn^v;ly linked carbon atoms or of 
carbon and nitrogen, where one or more carbons are replaced by nitrogen 
atoms, and which exhibit general absorption only. All the cyanuric 
compounds, however, which we have examined show only general absorp- 
tion, and give no indication of the presence (»f absorptimi bands. 

This result is wdiat was anticipated in the cast* of derivatives of iso- 
cyanuric acid ; but so tar as cyanurir acid and its testers are concerned it 
is remarkable — especially when considered in connection with the fact 
that no strict experimental evidence has yet been advanced in support of 
the commonly received structural formula for cyanuric acid. Methyl cyan- 
urate (m.p loo') yields on saponitication with alkalies cyanuric acid and 
methyl alcoluil. It is therefore regarded as the ester of normal cyanuric acid 
(Formula 1.), a conclusion which is supported by its method of formation 
from sodium iiiethylate and cyanuric chloride. Trimethylcarbimide 
(m.p. 175 ), on the other hand, yields methylamine on treatment with 
alkalies, and is therefore rcgarde«l ns a <lerivative of iso-cyanuric arid 
(Formula II.). It is generally admitted, however, that chemical evidt*nco 
of this kind and in such cases is fre(|uently unreliable.^ 

In this instance the spectrograph ic examination confirms llie result 
arrived at on purely chemical grounds. The spectra of metliyl cyanurato 
(m.p. bear a close resemblance tt> those of cyanuric acid, tho 

absorption l>eing .somewhat greater owing to the replacement of three 
hydrogen atoms by three mctliyl groups. On the other hand the sywetrn 
of trimethylcarbimide (m.p. 175®), notwithstanding a similar replacement 
of hydrogen Ijy methyl groups, show considerably less absorption of tho 
more refrangible rays. 

Melamine and its esters show only general ;iKsor|)tion, the amount 
being somewhat greater than in the ca.se of cyanuric acid. Melamine is 
regarded as the triaroide of normal cyanuric acid (Formula I.). 


NHo 

I 

N.C : X 

I 

HsX.C.X : C.NH3 


Melamine or 
* cyatfhrtriamide. 


XH 

HX.O.XII 

I I 

HX=C.N.G=Xn 

I 

H 

Tso-melamine or 
Iso-cyanurtriimide. 


The triethyl ester (m.p. 74"), which is obtained by the action of 
ethylamine on cyanuric chloride, is, from its method of formation, con- 
sidered to be a derivative of melamine ; the ethyl derivative (m.p. 92®), on 
the other hand, which is prepared by the desulphurkiation of thiourea, is 
regarded as a derivative of iso-melamine. Here again tho results of the 
spectrographic investigation are in accord with the conclusions arrived at 
on chemical evidence. The spectra of melamine an& the triethyl ester 
(m.p. 74®) are almost identical, while the general absorption exhibited 
by the spectra of the isomeric ester is considerably less. 

The general result of tlie examination of these bodies is in complete 

' Goldschmidt and Meisslcr, Her., 1890, S3, 253; A. Michael, pr, CKCm. [ii.l 
1885, 3?, 513 ; Hartley and Hobble, JVany. Ch&m, SdC.^ 189D, 75, CIO. 
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n^irwfment with the views now ^^enerally held as to their relationship with 
one another. But, as already observed, the absence of selective absorp- 
tion is not in harmony with the constitution of cyanuric acid when it is 
represented by a formula so closely analogous to that of pyridine and 
still more clostdy to that of flimethylpyrazine. On this account it may 
fairly be considered as very doubtful whether the constitution of cyanuric 
aci<l is rigljtly understood. 


Tht> Ahaorjition Sp*'rtra of Dih*‘n::oijl Mt^thann and acetophenone. 

These two substances are related to each otlier in the same manner 
as Knorr’s dibenzf»yl sucoinicesters examined >)y Hartley and DobbieJ 
Their constitution is represented hy the following forrnuhe : — 




CV.HvCf) 



CJI,.CO 
Dilnii/oylnit-thanc 
ui.p. 77- 


CIl 


a.HvCOH 
o- 0x\ \ )en zalacct ophenone 
ra.p. 77- 7^'^ 

(o-IIydrnxybenzylidene acetophenone) 


The enolic form is, in this case, the more stable of the two, the keto 
form ill solution passing rapidly into the enolic form on the addition of an 
acid. It is the reverse with the dibenzoylsuccinic esters ; the enolic ester 
passes into the keto form spontaneously. 

As the study of cases of this kind is of particular interest, and but 
few liave been examined, ^lis.s Alice E. Smith, B.Sc., of the University 
College of North Wa!t«, Ikingor, kindly undertook, at the request of the 
<‘omini*tee, to investigate the. ab.sorption spectra of the.se substances. 
Mr. It. 1). Abell, IkSc., ISfil Exhibition Scholar of the University 
College of North Wales, Bangor, was good enough to supply pure 
speciimms of those sub.stances for exfinination. 

Dihrnzoj/hnefhane (C,;H-,.CO.CH.^.CO.C,,H;,). — The preparation of 
dilxinzoylniethane may be divided into the following stages : — 

(1) The preparation of benzalacetophenone from benzaldehydo and 
acetophemme.* 

(2) Preparation of cl ibrom benzalacetophenone from benzalaceto- 
phenone.-* 

(it) Preparation of monobroinbenzalacetophenone frOii> drbrombenzal- 
ncetopheuone.* 

(i) Preparation of dibenzoyiniethane from mcnobrorabenzalaceto 
phenone. 

n-o.vyhcttxalaccfoi^hcnone (C,,H;,.CO.CH :C(OH).C,iir.,) (or «-Hy«lroxy- 
bcnzylidene acetophenone). - This ;>ubstance was preparccl by Baeyer and 
Perkin by heating d i hen zoy lace tic ester with water.-' The method of 
acting with sodium ethoxide or metallic sodium on a mixture of etliyl 
benzoate and acetophenone employed in the present case has been do- 
§cribed by Claisen.^ • 

> Tran$. Chem. Soc., 1900, Yt, 498. 

• Jfer., 20, r,f,5 ; 14, 24G4 ; 29, 1492. > Ann., 308, 923. 

* Ann., 308, 220. » JJer., 16, 2134 ; Chem. Soc. Trans., 47. 250. 

" Stir., 20, 665 ; Ann., 291, 52. 
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The method employed in photographing the spectra has already boon 
described.' 

It will bo seen from tho accompHnying curves that the relation 
existing between tho two bcxlies is similar to tliat which exists between 
Knorr’s a- and /J-dibenzoylsuccinic esters. Both tho substances show 



Canes of MolecvluT Vihrat\om. — DilK-'iizoylmethane* Kctonic, 
a.( )xyht*n 2 alacetophenouc (a-llydrox ybenzylidene aceto- 
phcnoiic), Enolic. 


well marked abso^tion bands, and the amount of' general absorption 
caused by the enolic form is, as in the case of Knorr^s esters, considerably 
greater than that caused by the keto form. In tliis case tlui gradual 
change of the less stable into the more staldo form has been traced by 
photographing the acidified solution at intervals. 


* Tram, Clwvi, Sor., 1885, 47, C85. 
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CslIvCO 

Dihenzoyl Mdhnnn CHj 


J7t« Ketonic Form C,;H.-,.CO 


rhirknoKH 

I 


j 

of fiivyiT 
of 

Doflcription Oi Spectrum 

1 

K ' 

in Milli- 

A 

! 

jiir'trvs 

1 


i i 


1 MiHvjrammc Mol. In KX) t'.c*. Ah-olwl. 

1 

! 

II 

iSpoctriini continiion*^ to • 

2524 

3S10 ; 

•t 

Complete iili-'Orptiun beyond. 
Spectrum continuous to 

2»;l>4 

3810 


Complete ribsorption beyond. 
Spectrum coni inuous to 

2701 

3702 

2 

Complete absorption bcyotid. 
iSpcct rum continuous to . . 

27CO 

3023 


Complete absorpt ion beyond. 



** 

1 Miihtjrotnmc Mol. in 500 c.<*. Al4^.ihol. 
Spectrum continuous to , .j 2780 

3580 

.1 

Complclo absorption beyond. 
S]>ectrum coutiimous to 

2871 

3483 

•> 

Complete absorption beyond. 
Spectrum <rorit inuous to 

2005 

: 3;;72 

2 

Complete absAirption iHiyond. 
Spectrum continuous to 

;}057 

1 3271 


Complete absorption beyond. 


‘ 1 

o 

1 Mill'ujroinme Mol. n/ 2. 

iSixjclnim eunt inuous to 

KH.) e.c. Alcohol. 

3057 

! 

3271 1 

4 

Complete absurj)thm beyond. 
Spectrum continuous to . • 

3057 

3271 i 


Ahsorption band . . , • 

tiOxJf to 



Strontj rays transmitted from 
iiririo to . • • • • 

3873 

' 2581 


Ah»orjdion hand .... 

to 4:m 

j / to 


Weak spectrum from 4305 to 

4400 

1 2272 

.*{ 

Complete absorption beyond. 
Spectrum continuous to 

3141 

i ' 

i 3183 i 


Ahnorptian band . . • • 

to 

1 3fS3 to :iSS6 1 


Spectrum continuous to 

301 1 

2555 ; 


Absorption hand .... 
Spectrum continuous from 4305 to 

^fjfl to 

stJJti to 

1 

41tH» 

2272 

2 

Complet8 absorption beyond. 
Spectrum continuous to 

3173 

3140 1 


Stronij rav.s partially transmitted 


i ' 


from 3175 to . 

3381 

2057 i 


Spectrum continuous from 3381 to 

3011 

2556 i 


Strong rays partially transmitted 
from 3011 to . 

4305 

• \ 

2322 


Spectrum continuous from 4306 to 

4400 

2272 . 


Weak spectrum from 4400. 
Spectrum continuous , . • 

— 
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CJIi-CO 


a- Oxyht nxalacefoph’none < ' 1 1 

{a-llydroxyhemiilidi'ite acetophenone) I 

The Enolic Form C„lI;,.C(Oir^ 


Thickness 
of Layer 
of Liquid 

Doscription of Spoctriim 

V 1 

A 

I 

A 

ill Milli- 
metres 



•> 

1 Millhjraoimc Mol. in 100 o.t 

Spectrum continiioiis to 

. Alcohol. 


4 

Complete absorption beyoncli 

Same as mm 

Spectrum continuous to 

• > " "O 


•) ; 

“ ! 

I 

Complete absorption beyond. 

Same as 3 mm ■ 


— 

0 

1 Milligramme Mol. in oOO e.e. 

Spectrum continuous to 

. 1 It'ohol. 

‘J':u 


1 

(Complete absorption beyond. 

Same a.s .*> mm 


. .. 


Spectrum continuous to 



2 

C^>mplete absorption beyond. 
Specti*umoontinuou.s to 

LM‘2 1 

::sn) 


Complete absorption heyoml, 
exeept for tlie feeble trans- 
mission of strong line.s at 


2SI li 


AikI at 


27.“»s 


1 MUHf/ramme Mol. iti 2, .*00 c. '. Alotfhol. 


.■» Spectrum con! inuou.s to 

2»:lm 

:{sio 

Ahnorption hand .... 

jhj', to .r,h/ 

JS /0 to js<9 

Strung' rays partially tran.smitted 
from oibl to . 

‘Mu 7 

2710 

' AhMorption hand .... 

to 

'7t9 to 

Weak spoctru.m from 4300 to 

4400 

2272 

j Complete absorption beyond. 

4 i Spectrum continuous to 

2r,2 1 

:;sio 

j Absorption hand .... 

to deso i 

ds /o to do ;s' 

1 Spectrum cont inuous from 32S0tn 

3H0r) j 

262S 

i Ahnorjftion hand .... 

dS05 to .',d06 1 

to JdjJ 

! Spectrum continuous from 43t)fi to 

44(X) i 

2272 

j Complete absorption beyond. 

3 1 Spectrum continuous to 

2701 i 

3702 

; Absorption hand . . . . , 

^ 70 t to d^60 1 

d70^\nd067 

Spectrum continuous from 3260to r 

3tst)(; • i 

25.S(1 

' Absorption hand .... 

to 1 

^3S6 to 

Spectrum continuous from 425S to 

4400 ! 

2272 

Complete aVisorjition beyond, 

• i 

i 

1 excejit for the feeble transmi-s- : 

" sion of lines at 

4530 i 

2203 

And ; 

1045 1 

2153 

1 2 Spijctrum continuous to . . ' 

2760 

3023 

1 Absorption band .... 

^!0OU}df39 

dO'edtod/Sd 

Spectrum continuous from 3139 to 

3005 

25<;o 
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a-Oxyhpnzalacetophenone {The Enolie I'orm) — cont. 


ThickiicsK 
of Layer 

of Description of Spectrum 

in Milli- : 
nietrcH ■ 


i 



Ahmrption hand 

Spectrum continuous from 410(>to ’ 
Strong rays feebly transmitted ; 
beyond. ! 

Spectrum continuous to 
Strong lines transmitted from , 

2871 to 

Spectrum continuous from 31110 to ; 
Strong lines transmitted from : 

to j 

Spectrum continuous beyond. 
Transmission of a continuous 
spectrum on further dilution of 
the solution. 


.75/0.5 to '4 too 
4100 

2871 

3130 

3005 

4100 


X 


2500 to 
2272 

3183 

3101 

2600 

2433 

i 

! 


The AhAorptiuii Spectra of Ind^ijthpnols and J}ycR derived from Trijiheyiyl methane. 

Aa much work ha.s n'cently been published on the relationship between 
the constitution of dyes and their absorption spectra, abstracts of the 
more important of these memoirs are given, accompanitsl by remarks on 
tin? conclu.sions drawn from j>revious examinations of triphenylmetharie 
derivatives. 


Relation euira la conMltntion chimiqne dm colorants da tr\ phenyl methane 
et les sjtt'cfres d\ibsorj)tiun <k lenrs solutions aqueuses. A'ote de M. P. 
Lkmoclt.' 


The examination of the absorption .spectra of n large number of 
iirtiticial colouring matters was made in the hope of tinding some cha- 
racteristic belonging to each of the principal groups which enter into their 
constitution, but up to the present the study of such colours as are 
derived from triphenylmethane has led to nothing more than a demon- 
stration of some connection between the position of the luminous bands 
of th<\se spectra and the constitution of tlie products examined. All the 
solutions were so made that a gramme-niolecule of the dye xvas contained in 
1,000 litres of water, the thickness of liquid being variable. The follow- 
ing were the substances investigated ; — 


1. Malachite green. 

2. Brilliant green. 

3. Sulpho-greeii J. 

4. Sulpho-green B. 

5. Green o-nh;ro. 

6. Green wi-nitro. 

7. Solid green with alkali. 

8. Carmine blue. 

0. Victoria blue. 


10. Phenyl blue, or phenylated 
blue. 

11. jMethyl green. 

12. Hexamethyjated violet. 

13. llexethylat^ violet. 

14. Formyl violet. 

15. Acid violet 10 B. • 

16. Benzyldiphenylamine violet. 

17. Benzylated violet. 


* C&mqdes Jtendus, voJ. cxsxi. 1900, p. 839 
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The nature of the subs;titiitions in the throe honzono nuclei is explained 
by the iiuthori Observed in thickness of (> nmi. some of tlic substances 
show simply a band of transmitted rays in tin* red, others are also in the 
violet of much larger extent. The red band is much more persistent, 
and apparently is characteristic of the triphenylmelhano group of sub- 
stances and iu»t of the individual members of this grQup. The band in 
the red belonging to the greens and blues, Nos. 1 to 1 1, is narrower than 
in the remaining colours, which are violet — namely, Nos. lli to 17. 

Note. — T he formula' given by Nietzki fi>'* some of the clye-.stufTs 
examined arc the following : — 

I . Mahichitf* 

c,ir,c=[c..ii,N(cii,),], 

J, K 

1?. tjrri u* 



n. Vivtoria blue />. 

(CII,),y- rji /C,.,ll,;-NIIC„n, 

(<;ii,),x-c,h/ \ ' Cl 


1 1 . 3/^ My/ f/rrc/i . 

/Cjr,X(Cir;,),ci[,ci 

(CH.).,x-c,n,-c< 

\C.fiI,X(CH;,) 

- i\ci 


12, Hexamoth^flatful violet, 

] i 

^[(CIl3)3X.C«H,],=C-C,H,X(Cir,), 


13. llexothylated virAet, 

A similar formula with substituted for CIl^. 

The author’s summary is as follow’.s : -Tlie col outs derived from tri- 
phenylmethanc, wJiich have in general at least two atoms of tertiary 
nitrogen in the y/^^rm-positioii relative; to the ctmlral carbon atom, yield 
aqueous solutions in which the absorption spectrum transmits a band of 
rays in the red. The middle of this band is always situated at approxi- 
mately the wave-length C8(5 in those compounds which hav«> no more 
than two tertiary nitrogen groups. The position is invariable, but 
different for those which include a third tertiary nitrogen group, and lies 
about wave-length 6GG. 
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Sin* VahHorption dn hi lfiriiih*e par frs indophthioln By P.*I3ayhac and 

C. CamioiiklJ 

Th« indophcnols with to.rtiary nitrogen, propanol hy one of tho 
authorH, w(?ro studh^d, iiiul it was found tliat wli<.*u dissolved in the 
same solvent, as. for instance, alcohol, tlu^y pnjsentcd an analo;<ous 
spectrum in every case. They are charactf^rised hy a hand in the rc;tl. 
J- 4 ;*njoull studied a series of indophenols obtained hy the oxidation of 
mixtures <*f ;;-phenyhniet’iamine and phenol or o-cre.sol, wliich have in 
the />rtm position the nitrogen atom whieh unites tlie two benzene nuclei. 
Tlio nitrogen in this ca.se i.s primary and not tertiary. The substances 
arJ said to have a hand in the red which is shifted fj-om tho position 
characteristic of indophenols containing tertiary nitrogen. The authors 
state that there may l>e dis[)Iacement of the band, but it has no delinite 
direction ; and tho experiments of Ijernoult do not show that it has. The 
nietho<l of measuring adopted by Lcmioult is to ti».ke the mean of tho 
micrometer readings between either edge of the Ijand. It is remarked 
that the t'xtreme reading at the extremity of least refrangible rays is not 
the. <?nd of tin? band, but merely the limit of visible rays, and that Jthis is 
variable aecording tc» thf‘ brilliancy of the spectrum. They give reasons 
for this st;it<*inent which are capable of verification, and also for the 
explanation that there af>jh‘tn's to bo a <li.splacement, but the band really 
terminates in tho infia-reil. 

Snr fra upprfyrs tPahsorpfion fha indoplu^mls rf rolornnfii dii 
tripht'nyhn('fh((io\ By C. C.VMiciiKL and I*. Bayhac.- 

The indophenols with tin' tertiary nitrogen are much mon* absorbent 
than those with the pihmary nitn>gen when the two arc compared in 
solutions containing molecular proportions ; but the fact is that as the 
le.s.s n‘frangible end of the hind visible in tho red lies in the infra-red 
there can be no increased width visible in this diri*ction, and the rays on 
the other .side being more freely traAiiiitted. it appears as if the band 
had been shifted towards the more refrangible rays. This having l>eeu 
demonstrated with the two kinds of indophenols, it was thought de.sirable 
to study tho triphcnylinethane <lerivatives — malachite green, sulpho- 
green J, hexaniethyleno vi(»let crystals, and methyl green. The result 
was just the same ; oidy one extremity of the band of hmI rays lies within 
the region of visibility. Tht? conclusion is that the law of auxi>chroine.s 
las not been demonstrated in the ea.se of triphenylmelhane derivatives 
lor of indophenols. The number of tertiary nitrogens in the molecule 
s the factor whieh increases the absorbent power of the substance, just 
IS the substitution of (Cil;d;t for in indophenols, or virr rt rsd, renders 
be substance more or less powi’rfiilly absorl>ent. The authors state tliat 
bey have studied th« intlueiioe of concentration u]>on alcoholic solutions 
)f indophenols and on aqueous .solutions of those colouring matters derived 
rom triplu?nyl methane. They have found that the coetlicient of absorp- 
ion is proportional*to the e<uicentration of the solution. 

Note. — Tho nature of the indophenols is indicated by the following 
ormuhe and reactions, the notes being taken from Boriithseifs ‘ Organic 
Chemistry’ and WitVs original papers.'* 

* Comytet Jtendm, vol. cxxxii. ItlOl. p. ,138. ’ lUd., cxxxii. 1001, p. 485. 

' Berichte, 16, l>843, and 18. ai>12. 
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Inditphenoh). liy Otto Witt. 

Phenol blue (iiido-aniline) — 

I 

_ I 

is produced by the oxidation of aiuidodiinethyhiniliiie with phenol. 

Its analogue, <(-naphthol blue, 

.C,H..N(CH3). 

I 

I I 

is prepared by moans of naplithol. Such compounds exchange N(CIl3)2 
for UH when boiled with a solution of NaOll ; thus, from phenol blue 
there results indophenol ((^uiiionephenolimide) 

• XVI 1,. OH 

I V.,ir,o 


a phenolic dye which dissolves in alcohol to a nxl ami in alkali to a Vjlue 
solution. 

It may bo obtained also by the action of phenol upon (juinone chlori- 
mide. 


yO y O' 

c.h/ ! + c,n,on=c,H, < i 


_N< +IIC1 


^N-C.H.OIT 


It may be obtained also by the oxidation of ;>-amiclophenol with 
phenol. Its leuco-compouiid is y>-dihydroxydiphenylamine, 
a .substance which unites in itself th(‘ properties of diphenylainine and 
a diatomic phefiol. 


Snr la loi th‘.s auxochrotnes, Ihj M. P. LkmoUI.T.* 

^ In a recent note ]MM. Camichel and Payrac liaving expressed tiie 
opinion that the law of auxoehromes has no further application to the 
compounds of triphenylniethanethaii to the indc)phenc/}s, the uutlior believes 
that tlii.s statement is not sutliciently justified, having regard to his 
ob.servations on four dilferent colouring matters, narntily : — 

I'irst f^roup (with 2 ’I No. 1. Oxalate of tetrumcthyldiaiiiulotriplicnyl carbinul. 

tcrtiarji nitrogen.s^ J No. 2. tSulphat(> of teirothyhliarnidotriphenyl c«irbiuo!. 
Second group (with .‘1 ’*• ^l)lorhydratc of hexcthyltriamidotriphenyl carbinol. 

tertiary nitrogens) f ^ Oifiiethyldiethyldihenzyltriamidotriphenyl carbinol 
J swliuni disulphonate. 

* Comptt.^ Kendus, cxxxil. p. 784. March 25. lUOl. 
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Solutions were rtiaclc of such a strength that 1 gramine;molecule waa 
contained in 1,000 litres of water. Photographs of the transmitted rays 
were taken through a constant thickness with a constant exposure and 
exactly the same developiiieiit. The photographs reproduced in the paper 
arc explained in the text. They exhibit a luijiiiious band in the red 
which in respect to substances 1 and 2 is the same in intensity and j>osi- 
tion. In substances *1 and 4 it is more luminous and slightly broader, 
and the luminous band of No. 3 lies rather more towards the less re- 
frangible rays than No. I. AVavc-length measurements are not givf;n, 
but numlxM’s on an arbitrary .scale are recorded. On diluting these 
solutions, the change in the spectrum is seen to be a decrea.se of the 
intensity of tlie absorption bands more on the side of the rays of greater 
refraiigibility than on the other. The author propo.ses to enunciate 
definitely the law of auxochromes in a future paper. 

Notk. -Tliat there in apparently a decrease in the inten.sity of the 
absorption bands more in tlie direction of the rays of .shorter wave-length 
is due undoubtedly in the first instance to the property of the prism, there 
being greater dispersion t»f the more refrangible rays. 


Xofict'Jhi rntflunhi ih t'hnract»-ris*>r /ca* matures colornntrs, 

liy NIM. Camh'hel and i>AVKA(’.^ 

The ab.sorption of light by solutions of indopbenols in alcohol, ether 
carbon disulphide, and chlcroform has been studied by taking a.s abscis.sa* 
th<» wave,-lengths and a.s ordinates the coeflicients of transmission. 
Curvtrs have been obtained of parabolic form, of which the convexity in 
turned from the side of the axis of the absci.ssa*. That portion of the 
curve corresponding the transmitted red rays ascends much more 
rapi<lly than that wliicli correvjwiuls to the green or the blue. The 
ir.iniiiuini position of tin* ordinate lies between the wave-lengths blO and 

according to tlie natiin? of tlie indophenol and its solvent. In order 
to chai, icteri.se each of the substaint*-'* studied, the lowest point of the 
curve was determined that is to say, its minimum of transmission or of 
greatest ab.sorption. This is <letermined with precision by cutting the 
curve with a series of lines or chords lying paralh*! to the axis of the 
abseis.sii*. Tlie conjugate diameter of these chords, obteined by joining 
points nt the middle of each line, is rectilinear in a sutliciently large 
interval lying between wave-lengths 670 and 510 : in such a case, for 
example, a.s that of an alcoholic solution of indoph(*nol and of orthocre.'^ol 
with two tertiary nitrogens. The niinimuni of transparency (niaxiimim 
of absorption) i.s iiide])eiident of the concentration of the solution for all 
sub.stances of which the ab.sor|)tion coetlieient is proportional to thedegn'C 
of concentration, according to the law of l>et*r. It varies with the solvent 
according to a law which is not that indicated by Kundt. 

Two .scries of indophenols have been studiiHl ; those of Series A have 
two tertiary nitrogens, the simplest of which is indophenol of ordinary 
phenol. • 

0=/ \=N-C«H.-N(Cn3),. 

Tlic others (Serie.s II) have the second tertiary nitrogen replaced by 
’ Comjitt’s Jiendufy cxxxii. p, 882, April DHU. 
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a primai'y nitrogen, the simplest of which is the indophcnol of ordinary 
phenol. 


Table o f the imlophemth aindictl. 



Series .. 1 . 


Series Ji. 

1 . Indophcnol of phenol. I 

1 '. Indi>i>lieiiol of jihenul. 


orthi-K'resol. 


orthoercsol. 

Th !! 

inetacro.*;ol. 

ti • •« 

niet:u*rosol. 

4 . 

paraxylcnol. 

f. 

paraxylcnol. 

ii. „ 

ori hoethylplienol. 

•» . ,, 

ortlioethylphcMiol. 

tl. ,, 

meta i.sopropy 1 phe nol . 

th. „ 

inetaetliylphciiol. 

i • If 

thymol. 

1 . M 

tliymol. 

8 . 

CiirvacTol. 

8 '. 

carva<T()l. 

9 . „ 

cymoplu'nol. 

9 '. 

cymophciud a. 

10 . 

phenol a of the para- 

10 ', 

phenol a of llie para- 


ethyltoliiene. 


t'f hyltoliieiie. 



1 C. 

orth«*xylcnol ( 1 , 2 , 3 ). 



12 '. 

mctaxyli iiol 0 - -* 


a. The displacement of the niiniinuni of transparency (iiiaxiinum of 
absorption) under tin? ellect of a solvent is shown by tlio follow^ing 
numbers representing divisions of the micrometer eyepi(*ce. The substance 
was Xo. 1. 

Alcohol, Ether. Carbon tli sulphide. Chh»roff*nn. 

l‘JO Uhl 117 128 


The rays ob.served with the spectrophotoinet(*r gave the following 
measurements : — 


yolar A. T-n 
B, 4'.rr> 
LI dO'ii 
f3olar C. 72*5 


Ca 


fist 104 


*^2nd 104 
Solar I) 1 i:i8 
D 2 139 


Tl 220 
Solar K 23," 


b. When the tertiary nitrogen had been replaced by a primary nitro- 
gen the following numbers were obtained : — 


Soli'cnt, alcohol. 

1. 120 1'. 142 di.'iplacement + 22 

2. I'Mi 2'. JG2 + 20 

3. 122 ;r. 142 4 20 


c. By the introduction of the following alkyl racb^cals into the ortho- 
position, the displacements shown below were measured : — 

CH,, 0,H.„ C1I,-CH,-CH3. 

Solvent, alcohol. 

displacement + 16 Substitution of CII, 

+ 12 Clb, 

+ 19 CHa 


1. 120 2. i:l6 
3. 122 4. 134 
7. 117 9. 136 
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A similar series of experiments was made on substitution in the 
position, the results being as follows : — « 

1/120 122 displacement + 2 substitution of CH, 

2. 136 4. i:U - 2 CH, 

ConcIuHiom. — a. When a tertiary nitrogen is replaced by a primary 
nitrogen, the minimum of transparency (maximum of absorption) is dis- 
placed towards the more refrangible end of the spectrum, whatever the 
solvent may be — alcohol, e*lier, carbon disulpliirle, cir chloroform. 

Tt is remarked that this law dilKcrs entirely from tliat indicated by 
M. Lemoult, who studied the apparent disjdacianent of the band of red 
rays transmitt<‘<l by indophenols. 

ft. Substitution in the roW^o-position in the phenol from w'hich tlie 
indophenol is derived causes a considerable displacement of tlie minimum 
of transparency (maximum of absorption), whatever the solvent may be. 
This displacement may even exceed the foregoing in degree. The im- 
portance of substitution is thus evident ; the auxocliroinic groups are not 
the only ones to modify the nature of the dye. 

r, A substitution in the mc/a-position in the phenol from which the 
indophenol is derived causes a ten/ sHt/ht displacement of the minimum 
of transparency towards the red or towaitls the blue ; the shifting is 
often so slight as not to exceed experimental errors in measurement. 

The preceding two laws, the authors remark, enable the formula of a 
phenol to l>e (iet<‘rminod : it is converted into the indophenol with a 
primary or a tertiary nitrogen, and the alcoholic solution is then examined. 
Only an extnumdy small <|uantity of the subst«ance is required. 

XiiTK. -Jiarth*y has shown ‘ the r(4ationship of the absorption spectra 
of benzene and triphonylmothane to the colouring matters derived there- 
from by means of curves of molecular vibrations. 

No matter what their colour may be, a band of red rays is transmitted 
with greater j)ersistcncy than the rays in any other part of the spectrum, 
and that these red rays are materip 41 y nu>dified by the introduction of 
alkyl radicals into the NH.j groups of the rosauiline molecule, as in 
methyl- violet, and they are more modified by the presence of iodine, as in 
iodine green. 

To illustrate this the following measurements of the ti-ansmitted red 
rays in solutions at dilicrent dilutions and of ditierent thicknesses are 
stated both in wave-lengths and oscillatiou frequencies. The fiducial 
lines in the solar spectmm are also given as useful for reference. 



' i 

i A 


i 1 

A 


A 



A : 


A 

1314 ^ 

7604 

E 

1807 1 

5260 

B 

1455 

6867 

' F 

2056 j 

4860 

C 

1523 

6562 

i « 

2321 i 

4307 

1) 

• 1606 ^ 

5802 

; H 

2510 i 

3067 


' Chem, See, Transit vol. li. 1887, p. 152 ; sec also the report of this Committee, 
1800. p. 31. 
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. Tluok- 

' llOSS 


MM. 

• 2 \) 

4 

1 


I?osa ft il i ne 7 ?* ? 

Raya transmit toil 

A. 


Mtau 


0-301 ffr, or 1 JMillifjramme^molertile in lOO r.r. of Alcohol. 


139 to 153 
to 16t; 
to Itit) 


719 to 650 
to 600 
to COO 


1 AfiUigrammc-molccule in 500 r.c. 
to 166 j to 600 j 

1 AfilUgramme molecule in 12,500 c.r. 
139 to 137 I 719 to 562 | 


659 5 


6 JO-5 


Jfosa n nine Ilydroch I o r i d 

Tlil<*k- 

1 


Rays 

transmitted 





' 

Mtau 

ness 

[ 

1 


i ‘ A 



1 

A 





0 3375 gr. 

or 1 Milligramme-molccnile in 100 c.c. 

of Water. 

MM. 

f 



. 


20 

139 

to 

149 

i 719 to 669 

694 

5 

1 

1 

to 

157 

to 636 

6773 


- 


1 Afilligramme-moleculr in 500 c.c. 


•1 

i 

) 

to 

166 

‘ to 600 

659-5 

3 

f 

! 

to 

166 

to 600 

659 ‘5 




1 MiiligTomme^molecnU in 12,500 f.r. 


-1 

] 

to 

174 

to 572 ! 


•> 


lo 

177 

to 562 I 


n 

• 139 

to 

177 

71!) to .WL' i 

* 610 5 
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Methyl Violet, 


Thiftk- 

nOBH 


llavK tranHmittccl 


Mean 


0 41H gr, or\ MVligraj?ime-moleculv hi 100 c.c. of Alcohol, 


25 

130 


719 1 



1 20 

139 to 

145 

719 to 686 ; 

7f>2*5 

! T) 

1 to 

149 

to 670 

694-5 

1 

139 to 

153 

711) to 050 j 

679 5 



1 Afilltgr a m me- molecule in 500 c.c. 


r> 

139 to 

153 

! 719 to 650 , 

-- . 

} 

to 

155 

to 639 ; 

— 

2 

to 

15H 

to 632 i 


1 

139 to 

160 

719 to 624 

659-5 


1 Milligramme -molecule in \2so0^ of Alcohol. 


5 

139 to 

166 

719 to 600 

... 

I 

to 

166 

to 600 



3 

139 to 

168 

719 to 698 I 

658*5 



* 

Iodine Green, 




Ray-s transmitted 


Thick- 








\ 

Mean 

nesa 

1 


\ 



A 





O G73 gr. 

or 1 Milligramme-moleculo in 100 c.c. of Water. 

MM. 





! 20 

1 ■*! 

— 


— 

— 

5 

133 to 

139 

749 to 719 

z 

4 

to 

139 

to 719 

— 

2 

! 

133 to 

139 

749 to 719 

— 

1 


1 Milligramme-molecule in 500 c.c. 


5 

133 to 

144 

749 to 694 ' 

721 5 

4 

to* 

^147 

to 6S0 


• 3 i 

to 

148 

to 675 j 

— 

* 2 ' 

to 

U9 

to 669 


1 

153 fo 

151 

749 to 6W 

704 5 

1 


1 Milligramme-molecule in 2,500 c.c. 


! 6 

I 133 to 

151 

749 to 660 j 


I 4 

1 133 to 

151 

719 to 650 1 

6993 
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Aftrint\ 




Raya transmitted 

1 

Tliu-lc- 




; Mean 




nt’Sd 

1 

• 'a 

i 

1 

X 

! 


O’SO ffr, or 1 MiUtyramme-ynoleeule in 100 t 

.c. of ]yatt'r. 

MM. 

(;o 

139 to 

ir,3 

719 to 050 


;io 

j to 

U>(i 

to t*»00 

— - 

i i.'i 

! to 

UWi 

to GOO 

— 

i 10 

to 

lOG 

to GOO 

G.59‘5 

1 

1 

; to 

17T 

to r)n2 

— ’T 


! to 

177 

to 5G2 


! s 

* to 

ISl 

to 550 

— 


i to 

1S3 

to 545 

1 

I 

1 i;ii) to 

188 

719 to 530 

C24 5 



1 MilVyjrdmme-molfcuh’ in ilOO r 

’-c. 

! » 

1 139 to 

1S8 

719 to 530 

1 

1 4 

! to 

192 

to 520 

i 

1 

: to 

193 

to 51G 

, 

i 2 

to 

19o 

to 511 

1 ■ • 

! 1 

139 to 

19.8 

719 to 504 

1 GIl'5 



1 MiUUjratnme molvculo in 2,500 c.r. 

6 

1 130 to 

198 

719 to 504 


1 

to 

292 

to 49 4 

- 


139 to 

2uG 

719 to 4.SI 

Co I 5 


It may here be remarked that in the diagram given in the ‘Trans. 
Chem. Soc,* vol. li, pp. 152- 202, of benzene and its derivatives (1) 
the relationship of the aVjsorption curves to the clieinical constitution of 
these substanco.s i.s fully described ; Q) the band in the red is indicated 
on the less refrangible side as not bemg the termination of the transmitted 
rays, but as the ‘extreme limit of the visible spectrum,' and on p. 201 
it is pointed out that ‘ in.stances where the light is almost entirely absorbed 
are indicated by the curve being continued by a dotted line, as in 
rosaniline hydrochloride,’ and also that ‘ iodine green appeared to transmit 
more of the least refrangible red rays than the other rosaniline derivatives. 
This may have been due to the colour being favourable to viewing this 
end of the spectrum, the more brilliant rays being absorbed, and those 
that are feeble thus rendered visible.’ This observation has been verified 
by MM. Bayrac and Cam ichel’s examination of other substances of a .similar 
character. 

It should, however, be distinctly understood that it is the absoi-ption 
bands which are of prime importance in the study of sljiectra. 

It is the position and width of theses which determine Ihosqof the 
transmittciit ray.s, and therefore greater attention should Iks paid to 
measurements of the bands of absorption. Compari.sons of sp(>ctra 
measured on an arbitrary scale are liable to be v(*ry misleadinr^ wIkmi 
deductions are drawn from them. ® 

The apparent sliifting of tlie Imnd of transmitted rays in the red 
observed by Leraoult is satisfactorily shown by Bayrac and Camichel 
to be only apparent, and not a real alteration in position, 
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The remark of Bayrac and Gamichel that indophenob with tertiary 
nitrogen groups are much more absorbent than those ^ith primary 
nitrogen is only what might be predictedi».from what we know of the 
ultra-violet spectra. The homologues of benzene, such as toluene, ethyl- 
benzene, and the xylenes, are more powerfuUy absorbent than benzene 
itself. The tertiary monainines trimethylamine and triethylamine are 
more absorlieiit than the corresponding primary bases. Moreover, it was 
proved in the cose of dyes that in the triphenylmethane derivatives the 
replacement of 3H by (€ 113)3 rendered the substance much more power- 
fully absorbent, methyl violet and rosaniline hydrochloride being a case 
in point. This is best shown by the curves which illustrate the original 
paper ; but it also appears from the measurements which have already been 
quoted, if we consider that the red rays are freely transmitted by the 
rosanile salt when even stronger solutions than those containing a milli- 
gramme-molecule of substance in 100 c.c. The methyl derivative 
barely transmits any light through 25 mm. of such a solution. Then, 
again, the width of the band transmitted by the methyl violet is narrower. 
The same observation applies to iodine green. 

The niei*c position of a band of transmitted red rays cannot be 
considered os indicative of a constitution similar to that of the triphenyl 
methane derivatives or of the indophenols because many of the diazo- 
coloura show such a band. The dilFf^rence between them lies in the eflTect 
of dilution ; in fact it is the absorption curves which are of importance, 
or, better still, the curves of molecular vibrations. There is a particular 
curve for each class of derivatives, the particular members of each class 
showing variations of the curve characteristic of the class. This is more 
marked in the case of the skzobenzene and azonaphthalene derivatives 
than it is even in the derivatives of triphenylmethane, because a larger 
number of individual substances belonging to the former class have bwn 
examined than of the latter. It is quite evident that the nitrogen groups 
are ch icily concerned in the development of the colours, and the hydro- 
carbon radicals appear to be of comparatively small importance provided 
they are of a bonzenoid character. ^ 


APPENDIX. 


List of Substances the Absorption Spectra of which have Iteeu xludied 
connection tvith the Chemical Constitution of Organic Cotnpounds. 
Note. — T lie method of indexing adopted by the Chemical Society has been followed. 

1 

\ BubisUiii^p PonuulA 


X«ture of 
Absorption 


Uofcreive 


cetie Acid 


cetic Ackl -Eft. 
ritun salt of 

ceUo Acid-»- 8 o- 

amm salt of 

1901. 


CH 3 COOK . 

(CH3.COO>4Ba 

CHjCOONa 


A 


. I Contiiinous : llartlc>' snd Uantin 
‘ ! ianfPhiL Trans, 

: (1H79),257; Sch^ 

WUa, Ann. 6 (Nc 
Scries), 1879, S07. 

. ! „ ; Hartley ami Hontin 

I ton, Phil. Trans. 

1 { 1970 ), 250 . 

• : M *> 



Substance 


Kefenmoe 


Appendix— 


Formula 


Natan* of 
AliMirption 


Acetaldoxime . ; CHj.CH-.N.OH . 

Acetoxime . . ‘ (CH3).>C:N.OH 

Acetylene . . i C.»H2 . 


Acid Brown So- : HSOs.CioH6.N:N.Ci„HeOH 
dium salt of ; a a 

Aconitine (from : c„h 4 „no.« . . . 

Acouitum na- 
pellns) i 

Aconitine (Jap- ' 
aconitine) i 
Aconitine (pseud-) j C3gH43NOi.i 
(from Aconitum ! 
ferox) 

Aconitine (foreign) ; ? 

Alanine . ; CH3.CH(NH.i)COOH 


Continuous . 

M 

>1 

t 

One band 
Selective 


>» 




Continuous 


Aldehyde Green Selective 

(A rosaniline . 
derivative) 

Alizarin . CtjH4(CO)3CgH2(OH).4 

I 



Alizarin ethyl CtjH4(CO)2CeH.j(OC.,H;,), ... „ 

ester 

Allantoln . . C 111,3X403 ; Continuous 


Alloxan . CO\^g_^Q)>CO . ^ 

• 

Allylic Alcohol , C3H5OH .... 

„ 

Amido- azo- ben- ; See under Aso Compounds. 
zene 

Amido - azo - a - | See under Azo. 
naphthalene ! 

Ammonium Hy- NH4.OH .... 
droxide j 

* • M 

i 

1 

Amylene (B.P.) . I C3 

' • ' » 

Amylic Acetate . j CH3COO.C5H10 . 

\ 

„ 1 

Amylic Alcohol . j 

— t 

Amylic Butyrate , C3H7COOC:,H3o . 

j 

• . ; Continuous 

j 

Amylic Formate . ! HCOO.C;,H,o . 

Amylic Propion- i CjiHj.CO'O.CjH,,, ;* 

ate ; 

i 

1 

* ’ ! ” 

>i 


Hartley and Dobbioi 
Chem. Soc. Tran$. 
77 (1900), 818. 

Hartley, okem. Soc. 
Trana.Sd{mi),m. 

Hartley, C'A/^m. Soc. 

Tmna. 51 (1887), 158. 
Hartley, Phil. Tram, 
II. (1885), 471. 


>1 

J. L. Sortft, Archives 
(ies Hcimccs phy- 
siques H naturelleSy 
1898 (8rd Series), 499. 

Vogel, ifer. 11 (1878 , 
1808. 

Vogel, Btn. 11 1878), 
1.8(i,8 ; Li(‘hermaiiA, 
her. 19(1886), 3827 ’ 
31 (1887), 2597. 

Liebermann, Ber. 21 
(1887 , 2527. 

J. h. Soret, Archives 
fh's scienctrs phy^ 
siffitcx et nalurellest 
189.*! (8rd Series), 
42U. 


Ha'^tley, Chem. Soc. 
7Van«. 89(1881), 168. 


Hartley and Hunting- 
ton, Phil. Trans. 1. 
(1879), 267 ; Hartley 
and Dobbie, Chem. 
Soc.Trans.lKim), 
818; Schonii, Wied. 
Ann. 6 (1879), 267. 
Hartley, Chem. Soe. 

Trans. 89 (1881), 16C 
Hartley and Huniinff- 
ton, Phil. Trans, \ 
(1879), 257. 

Schbnn, Wied. Ann. 6 
(New Series) (1870), 
267. 

Hartley and Honlinff- 
ton, Phil. Trans. I, 
(1879), 267. 
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Appendix— co«l. 


SubtCanee 

« Formula 

Aniline 

CeHjNHa 

Aniline Blue 

CioH,«(C«H,l5r^sHCl - . . 

Anthracene 

C^Hio 

Vpnmorphine Hy- 
flroohloride 
Vtropine 

iriiliradavic Acid 
(2 : 6 ) --Dioxy- 
anthrarjuinone 
tnthraflavic Acid 

CjyHi^NOa.HCl 

CnH^NO., 

0 H.CaHs(C 0 )a.C«H 3 . 0 H . . . 

CaH 30 H(C 0 ),CeH 5 f 0 H) - . . 

so - Anthradavic 
Aci 1 (2 : 7) — 
Dioxy anthra- 
quinone 

tuihragallo] 

Aurin . 

OH.C^jHjlCOla.CaHj.OH . 

Crfl.<(^g>C,H(OHj) [ 1 : 2 : 8 ] 

Ci»Hi405 

Anthrarufin 

C«H<(CO)jCjHjiOH), [ 1 . 6 ] 

i 

zo Compounds : ; 
Aiuido - azo • ben* i 
zene | 

Amido • azo * 0*1 
naphthalene j 



C,oH,N:N.C,«H,NH,. . ^ . . 

Azo- benzene 

C,HjN:NC.Hs 

Azo-benzene di* 
amido toluene 
:>• Azo-tolnene- di* 
amido-benzene 
Azo- toluene- di- 
ainido* toluene 

K i CeHj 

1 C.Hj.CH,(NHj ■ • 

„ 1 C.H 4 .CH, 

"»(c.H,.CHj(NH,), • ■ 

p-Azo4oluene-di- 

ainido'bensene 

p- Azo-tolnene-di* 
amido-toluene 
Benzene- azo - ) 3 . 
naphthol gnl- 
phonioacid (So- 
dium Salt) 

^i - amido • azo - 
benzene (Chrys- 
oidin) 

”»{c;S(Nii), • . . . 

0 

t 

^i - amido - azo - 
benzene sul- j 
phonic acid i 



Kftiare of 
Abforpilon 


Reference 


Selective 


Four bands 

Selective 
I Continnous 

Selective 


Selective 


Hartley and Hontinf- 
ton, Phil. TranBf 1. 
(1879), 267; Paner, 
Wied.A nn. der Phytt. 
61 (1897), 868. 

Melde, Pogg. Ann. 126 
(1865), 264. 

Hartley, Chem. 8oc. 
Trans. 89 (1881), 

158. 

Hartley, Phil. Trans. 
11. (1885), 471. 


Libermann and Kos* 
tanecki, Ber. 19 
(1886), 2827; Licber- 
mann,Her.21 (1887,i, 
2527. 


Hartley, Chsm. Soc. 
Trans. 61 (1887), 

153. 

Libermann and Kos* 
tanecki, Ber. 19 
(1886), 2827. 

; Landaner, Ber. 14 
j (1881), 891. 

Hartley, Chem. Soe. 
Trans. 51 (1887), 
158; Landaner, Per. 
14 (1881), 891. 
j Hartley, Chem. Soc. 

! rrrrrM.51 (1867), 153. 

I Landaner, Ber. 14 
(1881), 391. 


One band 


Hartley, Chem. Soc 
Trans. 51 (1887) 
153. 

Hartley, Chem. Soc 
Trans. 61* (1887) 
158; Landaner, Per 
14 (1881), 891. 
lAndaner, Ber. L 
(1881), 391. 

Q2 
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Substance 


Di-methyl-amido- 
ozo-benzene 
Di'Xnethyl-amidO' 
azo-benzono 
solphonic aoid 
Phoiiyl-azo- 
{dienyl-iS-naph- 
tho] ■ sulphonio 
acid (Croceine 
Scarlet) 

Tri - amido - aze - 
benzene 


Formula 


j, fC«H4N CHs).. . 

„ (C«H4N(CHj)j 
‘^-• iCoH4.80,H 

Ph.N:N.CoH4.N;N.C,«Hi(HS03)OH 

3 


.. f CeHjINH,), 


Niitim* 

A-bsorptldl 


Selective 


One band 


Selective 


Rcfemice 


Landauer, Ber. 14 
(1681), 801. 


Hartley, Cltem, Soc. 
Travs. 51 (1887), 
158. 


Ijandaiier, Bet\ 14 
(1881), 001. 


B 


i Benzene 


CuHrt 


Benzene - hexa - ! CoH,jCa« 
chloride 


Benzene-methyl . 
Benzene • tetra • 
hydro 

Benzoic Acid 


Benz - aldoxime 
{anti-) 

iso - Benz • aldox- 
ime aldox- 
ime) 

Benzene- azo- )8 - 
naphthol-aul- 
phonic acid 

Benzyl diphenyl- 
amine— Violet 

Biebrich Scarlet 
(Sodium Salt) 

Bismarck Brown 
Triamidoazo- 


Biuret . 


Brilliant Green . 


. OH 
Brom-beiizene . ;i C«Hi.Br 


See Toluenr. 
See under T. 

CfiHs.COOII 


CeHj.aH 

ii 

OH.N 


N.OH 

See under Azo Compounds. 


HSO,.CJI,.N,.O.H,(nsO.).N,.C.*Fr,.OH 

/8 

CA.NH2.N:N.CoH3(NH3>2 . 
C,H5N50. 


PhC:!c,H,N(Et)ala 


Brucine 


jO j + 4H jO . 


! Six bands I Hartley and Huntinu- 
I ! ion, Phil. Tram. U. 

! } (1870), 257; Hartley, 

Ghem. Soc. Trans. 
47 (1885). 685; Hart- 
ley ana Dobbie, 
Cnem. Soc. Trans. 

I 73(1808),605;Paaer, 

\Vied.Ann.d^Phys. 

! 61(1807), 868. 

Highly di- ' Hartley, Chem, Soc. 
actinic | Trans. 80 (1881), 

153. 


Selective 1 Hartley and Hunting- 
ton, Phil. Trans. I. 
(1870), 267. 

Hartley and Dobbie, 
One band ! Chem. Soo. Trans. 
77 (1900), 609. 


Selective | Lcmoult,Comp4.He»d. 
I 181 (1900). 889. 

I One band Hartley, Chem. Soc. 

Trans. 61 (1887), 
i 168. 


i 


Contindbns 


I 


Selective 


J. Ii. Soret, Archwes 
des sHemes 
siqnes et naiu/relleSy 
1803 (3rd Series), 
429. 

licmoult, Compt Benih 
181 (1900), 889. 

Pauer, Wied. Ann. dfijt 
Phus. 61 (1807), 868. 

Hartley, Phil. Trans i 
II. (1886), 471* 
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Kulwtance 

* Formula 

Nature of 
Absorption 

tsO'Butylic Ace- 
tate 

CHsCOO-CfU, . 

• • 

• 

Continuous 

sso-Butylio Buty- 

C 3 H,.COO.C 4 Ha. . 



»♦ 

rate 

‘/so-Butylio For- 

HCOO.C 4 H 0 . 




mate 

MO-Butylic Vale- 




C 3 Hg 0 . 4 .C 4 He . . 

ranate 

Butyric Acid 



•• 

CH 5 .CH,.CH 2 .C 00 H 
(C 3 H 7 COO),Ba . . 

Butyrio Acid- 



•• 

Barium salt of 
Butyrio Acid — 



1 

^ It 

C 3 H 7 COO.Na . . 

Sodium salt of 



1 

Mo-Butyrio acid 

(CH 3 ) 2 :CH.C 00 H 

c 


■ ti 

Caffeine . j 

C,HjoN 40.4 . . 



General 

Camphor . . | 

CfoHioO 


i 

Highly 

diactinic 

Camphoric Acid , 
Oarbohydraies : 

C»Hu(COOH), . . 



General 

Cane Sugar 




I »» 


Glucose 




o-Oxy-carbunil . 

Carbon disal- 

phide 

Carbon disul* 

phide vapour 

Carbon disul- 

phide solution 

Carbostyril , 


Methyl Carbo. 
styril 

M^hyl pseudo. 
> Carbostyril 
'Cevodine (Merk's 
Veratrin) 
Chlor-bensene 

Chrysazin . . 


Chrywidine (Di- 
amido-azo-l^n- 
sene) 

Cinchonine sul- 

j^hate 

^noonidiiie sal- 
phate 


See under O. 
CS, . 


C^:NO 

C,oH»NO 

C,oH,NO 

(?) .... 

CoHjCl* 

CaH7(CO)aCeH,(OH),, . . 

See Abo Oomp<ntndB, 

(CioHMN30)silsS04 4 . 

(OieH3^N90)aH,804 6H jO . 


Highly 

diaciinto 

General 


1 Selective 




n 

One band 


»» 

General 

Selective 

>1 


— < 

Reference 


Hartley and Hunting- 
ton, Pkil. TratiB. II. 
(1879), 357. 

f> 

11 

t» 

it 


M 


Hartley, Phil. Tram. 
n. (1885). 471. 

Hartley, Oh^nt. Soc. 
Trans. 89 (1881), 158 
» 

J. L. Soret, ArchivcB 
dta tcimees phy- 
siquBB et natureHea^ 
1888 (8fd Series), 
439. 

Hartley, Tram. Chem. 
Soc. 51 (1887), 58. 

J. L. Soret, Archives 
des sciences phy- 
siques et naturellea, 
1898 (8rd Series), 
439. Also Hartley. 

Pauer, Wied. Ann. der 
Phys. 61 (1897), 868. 

Pauer, Wied. Ann. der 
Phys.^ 61 (1897), 

868 . 


Hartley and Dobbie, 
Chem. Soe. Trans. 
76 (1899), 640. 

ri 


Hartley, Phil. Trans. 

II. (1886), 471. 
Pauer, WM.Ann. der 
PAps.61(1897h 868. 
Libennann andKosta- 
ueold,Ber.l9(1886), 
3837. 


Hartley, PhU. Trans. 
II. (1885), 471. 

» 
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Substance 


Fonuula 


Codeine 


CijjH.jiNOs . 


Codeine di-acetyl 
Corallin 


C«H,,(C.,H,OUNO, . 


Cotarnine hydro- 
bromide 

Croceine Scarlet 
(Phenyl - azo- 
phenyl-3-naph- 
thol' snlphouic 
acid) 
o-Cresol 


Ci2Hi5N04.HBr + 2H.i0 


See under Azo Compounds. 


CeH4(CH3)OH . 


! m-Cresol . . C 6 H 4 (CH 3 )OH . 

; p-Cresol . I CeH 4 (CHs)OH . 

: Cumeneazo - /5 - - C»H 4 i.N:N.CioH 4 (HSOs) 40 H /8 
I naphthol-dianl- | 
phonic acid | 

! (Sodium Salt) I 

j Cyanin • • i — 

i 1 

I Cyanogen — | 

i Hydrocyanic i See under H. 

: Acid j 

Cyanuric Acid . | C 3 N 3 (OH )5 .... 


♦so-Cyanuric Acid 
— Methylic 
ester of 

Cyanuric Acid— 
Methylic ester 
of 

Cyanuric Chlor- 
ide 


See Methyl iso-cyanurate. 


See Methyl cyanurate. 


C 3 N 3 CI 3 


di- Acetyl Codeine 
a-Ethylic di-ben- 
zoyl succinate 
i8-Ethylic di-ben- 
zoyl succinate 
•y-Ethylic di-ben- 
zoyl succinate 
; Di - amido - azo - 
benzene 
(Chrysoidene) 
Di-ethylamine . 


See under Codeine. 
See under £. 

See under E. 

See under E. 

See Azo Compounds. 

NH(C*H5)*. . . 


D 


‘ Digitaline . 

I Diketo hexame- 
I tbylene . 


C 29 H 4 QO 13 . 


Di-methyl-amido- See Azo Compounds, 
azo-benzene 

Dimethylamine . NH(CHs)a • 


/ ■ Ucfcwmfe 

I Absorpiiud 


I 

Sulcctivo I Hartley, Phil. Tran». 
i II. (1885), 471. 

” Vogel. Ber. 11 (1878), 
1868. 

„ Hartley, Phil. Tram. 
II. (1886), 471. 


I 


Hartley, Chem. Soe. 
Trans. 63 (1688), 

641. 


. I One band | Hartley, Chem. Soc. 

I : Trans. 61 (1887), 

• I 1B3. 

i : 

, Selective Vogel, Ber. 11 (1878), 
i 1363. 


General ; Hartley, Chem. Soc 
rrii;iff.41(188a), 45; 
Hartley, Dobbie and 
Lauder, Chem. Soe. 
Trans. (1901). 


Hartlev, Dobbie and 
Lauder, Chem. Soc. 
Trans. (1901). 


Continuous 


Hartley and Hinting 
ton, Phil. Trans 

I. (1879), 967. 
Hartley, PkU. Tram 

II. (1886), 471. 
Hartley and Dobbie 

Chem. Soe* Tram 
(1898), 699. 


Hartley and Hunting 
ton, PhU. TrafU.i 
(1879), 967. 
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FormaU 


< 

Ntttare of | 
Abttrjrption ; 


Befereuce 


Dimethyl pyra- * CoH^Na 
sine j 

m • Dioxyanthra- | 
quinone [1 : 2] ‘ 

Dipyridine . . i CjoHi^Na 


One band 


Selective 


One band 


: Hartley and Dobbie, 
1 Chem. Soc. Tram. 
I 77 (1900), 846. 

I Libermann and Kosta- 
necki, Ber. 19 (1866;, 
2827. 

< Hartley, Chem. Soe. 
j Tram. 47 (1885), 

< 685. 


E 


Bmodin . ; CjiHcOa 

i 

Eoein . . .0aoHgBr4O>^ 


Bthylamine 88 % NHa(CaH:i) . 

I 

Ethyl-benzene . CgHafCaHs) 
Ethylene Gas . : CaH4 . 

i 

Ethylic Alcohol , j C3H5.OH 

I 


Ethylic AceUte . I CH.vCOO.C9H5 . 
Ethylic Bnlyntto , CjHjCOO.CjH; . 
Ethylic Fonnkta ! H.COO.C.M5 
Ethylic Isocyui- ^ CO.N.CiHj 
ate 


Ethylic Ptopion- CjHj.COO.CjHi 
ate 


Ethylic Valerate | 
Ethylic ether of | 
o - oxycarbanil i 
(enolio form, ' 
B.P. 225'^.280°) i 
Ethylic ether of | 
o - ox;(rcarbanil i 

STJs-,'””’ ; 

a-E^ylio diben* 
eoyf snceinate j 


^-Ethylic diben- 
zoyl snceinate 
y-Etnylio diben- 
zoyl snceinate 


i 


CgHtjOa.GaHg 

See under 0. 


See under O. 


CaaHaaOg . 

C«H«0g . 
CssHbiOe . 


Selective ; Libermann and Kosta- 
necki, Ber. 19(1880), 
2827. 

„ Vogel. Ber. 11 (1878), 

1868; E. Vogel, 
, Wied. Ann. 48, New 
Series (1891), 449. 

Coniinuons ; Hartley and Hnnting- 
I ton, Phil. Tram.l. 
(1879), 257. 

Selective j „ 

' VaxkbtfWied. Ann.der 
Phys. 61 (1897), 336. 

Highly Hartley, Chem. Soe. 

diactinic Trans. 89 (1881), 

158. 

. . „ , Hartley and Hunting- 

ton, P/ii/. Traiw.l. 
t , (1879;, 257; Schonn, 

Wied. Ann. 6, New 
Series (1879), 267. 

Gontinuons : „ 

i» »i 

• • ■ i» ' i» 

. % . „ I Hartley, Dobbie and 

Lauder, Chem. Soe. 
; I Tram (1901). 

. j „ : Hartley and Hunting- 

ton, Phil. Trans. 1. 
j (1879), 257. 


i 


One band 


Hartley and Dobbie, 
Chetn. Soc. Trans. 
77 (1900), 498. 


B'^]^(a«ai„n, { HSOvC,oHvN:N.C,oHvOH 


. ! One band Hartley, Chem. Soc. 

Trane. 51 (1887), 158. 
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Substance 


Flavc-purpurin . 


Fluorescein . 


Fluorescein — De- 
rivatives of 
Formic Acid 


Formic Acid — 
Barium Salt of 
Fuchsin 


p-Fuclisin . 


Furfuraldeliyde . 


Furfammide 

Furfuran 


Glucose 


Helianthinc (Tro- 
pceoline O) 

Heptane 


Hexane 

Hexametliyleiie . 


Hexameth 3 dated 
Violet (Crys- ' 
tal Violet) j 
Hippuric Acid . ■ 


Hofmanu’s Violet 

Hydrocyanic Acid 

Hydroquinoue . 
m-Hydroxybon- 
zoic Acid . 


BEPOUT — lyU I . 

Appendix— 


I Formula 


Nature of 
Absorption 


Uefcrencc 


[ 1 : 2 : 6 ] 




’ H.COOH 


i (HCOO).Ba 
C,„Hi[iN5.HC1 + 4H..O 


CcH5C-(C,H4NH.2).j . 

cl 

I C^HjO-COH 


k:OK> ■ 


. ^ Selective Libermann and Kok« 
, tanocki, Brt, lU 
I (1886), 3827; Lieber- 
I maim, Ber. 31 (1887), 
! 3627. 

• „ : Kriisa, Ber, 18 (1885), 

3586: £. Vom], 

WietL Ann. 48, New 
Series (1831), 440. 

,, Kriiss; £. Vogel, ioc. 

cit, 

ContinuouH Hartley and Hunting- 
ton, Phil. 2>aiia. I. 
(1870), 267. 


Selective i Meldo, Pogg. Ann. 126 
' (1866), 264: Vogel, 

Ber. 11 (1878), 1868. 
Kriiss, Ber. 15 (1882), 
1248. 

Continuous j Hartley and Dobbie, 
Chem. Soc. Trans. 

I (1808), 600. 


t. 


G 

Sec under Carhohyil rates. 


H 


, HS05.C^H4.N:N.C«H4N(CHtV . 

( 4 ) ( 4 ) ( 1 ) 

CtHic 


C,Hn . 


Cl 

(>rCiNC«HJ,=C.C„H,.N'.Mf., . 
C,,H„N 03 


C'i,;i,„(CH3);N,2HCl . 

HCN . . . . 

See under Quinonc 
C.,H,(0H)C00H; 


Selective 

! 

. Continuous 


Hartley, Chem. Soc. 
Trans. 61 (1887), 
158. 

Hartley and Hunting- 
ton, Phil. Trans. 
I. (1870), 257. 


Hartley and Dobbie, 
Chem. Soc. Trans. 
77 (1000), 846. 


. Selective LemooH,Comp<.12end. 

181 (1000>, 889. 

, Continuous Hartley and Hunting- 
I ton, Phil. Trans. 
I. (1870), 267 ; J. D. 
Soret, Archives des 
sciences ph ysiqncs et 
naturelUst 1898 (8rd 
{ Series), 429. 

. .riirco bands! Hartley, Trans. 61 
(1887), 168. 

Continuous Hartley, Trans, 4l 
i (1883). 46. 

! » 

Sfilcctivo I HaTlIey, Chem. Soe- 

! Tran*. S 8 ( 1888 ), Ml. 
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.suUtatioe 


p.H^^droxyben- 
eoio Acid . 
Hydroxyl amine 
hydrochloride 

Hyoacyamine 

Hypoxanthine 


% 


rcino) . 


APP£KDlX>-r(?nf. 

Formulo 


CoH 4(OH)COOH 
NHa{OH).HCl . 


Nature of 
AlMwrptioD 


Ci7HajN05 . 

C,H 4 N 40 . 


Selective 

Higlily 

diactinic 

. ContinuouB 

. Selective 


Indigo . 


Indigo — Deriva- 
vatives of 
lodo-bonxeno 

Iodine Green (Tri- 
methyl- roaanii' 
ine di-meihyl- 
di-iodide) 
leatin . 


j Methyl Isatiii 
I Methyl pseudo- 
Isatin 

; Iso Compounds . 


C.,H,<®0>C-C<gg>C.H4 . j Selective 


C.;H,,I ^ 

CUj.HN.CcH 4\/N.CH, i 

c I -aCHjI . ! Four band* 
CHj.HN.CeIl,/\C«H,.CH.-. i 

C,HjNO,' Two band* 


CiJHjNO, 


One band 


C 9 H 7 NOa Two bands 


See under substance to %rhich Tso is ^ 

I prefixed. 

lodobenzonc CjHvI Selective 

Vapour ; ^ 

lodoMnzene So- | { 

lution . . ! Continuous ; 


|! Jap-aconitine 

I 

I Ijcucino 

i 


. ] See Aeonitinr. 

* 


. I C,H,5N0.> . 


J 

L 


Malachite Green . 


Melamine 


i^ai 


Welamine — Tri- 
. ethyl ester of 


e 

M 

OH 

C3N3(NHa)3 . . . , 

See under Tri-ethjl mtlamwe. 


I I 


Continuous 

» 

‘ j 

i ! 


. ! Selective 

{ 

i 

1 

. Continuous 

( 


I 

Iteference 


Hartley, Chem. 8oe, 
Tran*, 68 (1888), 641. 
Hartley and Dobbie, 
Chem. Hoc. Tran*. 
77 (1900), 818. 
Hartley, Phil. Tran*. 

II. (1866), 471. 

J. It. Soret, Archive* 
(Us *eienee$ phyti- 
quee et natureUeit 
1898 (8rd Series), 
429. 


Vogel, Ber. 11 (1878), 
1308 ; Kriiss, Ber. 
18 (1885), 2586. 

Kriiss, Ber. 18 (1885), 
2586. 

Pauer, Tried. Ann.der 
Phy*. 61 (1897), 868. 

Hartley, Chem. Hoc. 
Tram. (1887), 158. 

Hartley and Dobbie, 
Chem. Hoc. Tram, 
75 (1899), 640. 


J. Ti. Soret, Archive* 
dee eimnce* phy^ 
siquee ei naiureVL**^ 
1893 (8rd Series), 
429. 


Lemoult, Compf . Hefid. 
181 (1900), 889; 

Vogel Her. 11 (1878), 
1868. 

Hartley, Dobbie, and 
Lauder, Chem. Hoe. 
Trans. (1901). 
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Appendix— 


SubstAuoo I Formula 

j 

— . - ^ 

iso • Melamine - ^ Sec under Tri-ethyUUo-melamine. 
Tri*ethyl ester | 
of 

Mesitylene . . ; See Tri- methyl Benzene, 

Methylamine33% | NH (CH-,) 

Methylamine hy- ! CH5.NH0.HCl .... 
drochloride 

Methylic Alcohol CH3.OH 


Methyl Carbo- , See under C. 

styril I 

Methyl pseudo- 1 „ „ 

Carboatyril 

i C6H4.N.Me.2.MeCl 

i y 

Methyl Green . ! Me 3 .N.C«H 4 .C-CoH 4 .N.Me.i . 

f I IN. 


i Methyl laatin . j See under I. 

. Methyl pseudo* „ „ 

Xsatin 

! Methyl Pyridine . See Pi coline. 
Methylic Acetate CH.-,.COO.CH3 . 


I Methylic Alcohol | CH 3 .OH 

; Methylic Buty- i C5H7.COO.CH3 . 
I rate | 

' Methylic Cyanu- ; CsNjIOCHs)* 

I rate (M.P. 135®) | 

! Methylic Formate j H.COO.CH5 

i Methylic Isocy- j CON.CH5 . 
anate 

Methyl Iso-cyanu CsOjNjiCHs), . 

rate (M.P. 175®) ’ ® 

Methylic Pro- C^^Ha.COO.CH., . 
pionate 


CeH4(0H).<j00.CH3 

C^HeOa-CH, . 

M^yl Violet i C,^„N,(CH,) 5 HC 1 
[Penta- methyl i 
Violet?] ! 

Morphine . . | C„H,^Os. • 


Methylic Salicy- 
late 

Methylic Vale- 


t-Morphine 
tthyl Morphine 
Morphine • ietra- 
cetyl 
Murexide 


See under A. 

See Codeine. 
Ci7H,»(C,H50),H05 . 

C8H411H4.NJO, 

-vHjO 


Nature of j 
Absorption 1 


UdfersDoa 


I Continuous 


. Highly di- 
' actinic 


Hartley and Hunting- 
ton, Phil. Trans. I, 
(1879), 267. 

Hartley and Dobbie, 
Chent. Soc. Trans. 
77 (1900), M 8 . 

Hartley and Hunting- 
ton, Phil. Trans, 
(1879); Schonn, 
Wied. Ann, 6 , (1879), 
267. 


Selective Lomoult, Compt. Bond. 

131 (1900), 880. 


Continuous 


Highly di- 
actiuic 
Continuous 


Hartley and Hunting- 
ton, Phil. Tratis.l. 
(1879), 257. 

»» 


ff 


Hartley, Dobbie, and 
liauder, Chem. Soc. 
j Trans. ( 1001 ). 

I Hortli^ and Hunting- 
1 ion, Phil. Trans. 1. 
(1879), 257. 

! Hartlev, Dobbie, and 
' Ijauder, Ohetn. Soc. 
■ Trans. (1901). 


?i { 


Selective 

Continuous 

Selective 


I 


Hartley and Hunting- 
ton, Phil. Trans. I. 
(1679), 257. 

ft 


» 

Vogel, Ber. 11 (1878), 
1863. 


„ I Hartley, Trans. 
U. (1886), 471. 


n 


n 


Three bands 


Hartley, Ohsm, Soc. 
Trans. 81 (1887), 
168. 



Substance 
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Appendix— emit. 

W.i. M \ 

Beference 


Formula 


Naphthalene . j CiqUh 


Naphthalene Bed 
(Magdala Red) 
Naphthalene 
Red? 

Naphth al ene 
amido-azo-a- 
Narceine 

Narcotine . 
oxy- Narcotine 
Nicotine 

I m-Nitraniline 

i 

! 

I p-Nitraniline 
I Nitro-benzeno 
j (vapour) 
i Nitro-henzene 
(solution) 
o-Nitrophenol « 


' p-Nitrophenol . 

\ Nitroso • diethyl 
! aniline 

Nilrot^' dimethyl 
aniline 

Nitroeo-ethyl ani- 
line 

Nitroso-iflo-butyl 

aniline 

Nitrbso • methyl 
aniline 

Nitroso- prophyl- 
i aniline 
I Nitroao-di- 
j phenylamine 
I Nitroso - di - me- 
thyl m-chlor- 
aniline 

Nitroso • di - me- 
thyl • m • brom- 
aniline 

fitroso - di - me- 
thyl-m-iod- ani- 
line 

iitroso-ethyl-a. 

naphthylamine 

litroBO-ethyl-o- 

tolnidine 

litroio-methyl-o* 

toluidine 


C3oH2,N5.HCl.a,0 

'C 30 H 110 N 4 . 

See under Am 

CsjH^nNOti . 


C 22 H 25 NO 7 . 
See under 0. 
CioHhN, . 


GACNOal.NHj . 


CrtH4(NOa)NH3 . 
CflHjNOa . . 


CeH4(0HiN0, . 

C«H4(0H) N0*4 . 
C^H4(NO|NiC4f4)a 

C«H,(NO)I?(CHj>j 

C«HiN(NO)C,H, 

CJIjNlNOC^K, 

CeHjN(NO)CU,. 

C,fl»N(NO)C»H, 

(C,Hj),N.NO . 

C^,a(NO)N(CH,), 

C^,Br(NO)N(CH,), 

C^sI(NO)N(CHs), 

0,„H,S{N0)C^» , 

C4l4.CHs.N(NO)C,Hik 
C«Ht.CHtN(NO)CH,. 


N 


I Nature of 
! Absorption 


I Four bands : Hartley, Cheni, So 
! Trans. 89 (1881 
158 ; 47 (1885), 685 
Selective Vogel, Ber. 11 (187fi 
622. 


. Contixiuous i Hartley, Bhil. Tran$. 
j • II. (1885), 471. 

I Selective „ 

i Continuous ! Hartley, Phil. Trans. 
j II. (1885). 471. 

\ Selective | Hartley and Hnniing- 

» ! ton, Phil. Trans. I. 

I ; 11879), 257. 

• ’ n , 

Continuous; Paner, IVicd. Antt.der 
Phys. 61 (1897). 868. 


Selective 


Hartley and Hunting- 
ion, Phil. Trans. I. 
(1897), 257. 

Kock, Wied. Ann. 82 
(1887), 167. 
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1 


Nature of 

Sabstance | 

Formula 

Absorption 


o 


)ctano 

CsH ,8 

Continuous 

Ictylic Alcohol . 

CrtH„.OH ...... 

>» 

)xalio Acid (10 % 

COOH 

• 

solution) 

1 

COOH 


Dxaluric Acid . 

^^XNH.CO.COOH 

Selective 

r-Oxybenzoic 

Ccn 4 (OH)COOH .... 


Acid (see Sali- 
cylic Act'd) 



n - Oxy - benzoic 

CtiH 4 (OH)COOH .... 

” 

Acid (1.8) 


1 - Oxy - benzoic 

C 6 H 4 ( 0 H)C 00 H .... 


)-Oxy-carbanil . 

CrHsOaN 

One band 

3 -Oxycarbanil — 

C 0 Hi)OaN ... . 


Ethylic ether 
of (enolic form, 
B.P.225®-230®) 
3 -Oxycarbanil — 

j 

H 


C 9 HttO.N . . ' . 

Ethylic ether 
of (ketonieform. 

• 


m!P. 29°) 
Dxy-narcotine . 

C^^H.jjNO^ ...... 

1 Selective 

3zone . 

O 5 

1 ” 


# 



P 


Paparerine . 

C 20 H 21 NO 4 ...... 

Selective 

Penta - methyl- 
para-rosaniline 

(CH,)N-C«H.-C<C;^W« 

1 r 


Plienanthreno . 

CiiHio 

' Four bands 

Phenol 

CoH:;OH 

! Selective 

1 

Phenyl Blue 

— 

i 

i 

Phlorizine . 

C2lH340i(, 

11 i 

1 

Pbthalic Acid . 
Picoline (Methyl 

C 6 H 4 (C 00 H), 

C5H4N(CH3) 

1 

i 

1 *’ 

! 11 

Pyridine) 


1 

Picric Acid . 

— 

i 

»» 


Reference 


Hartley and Hunting- 
ton, Phil. Tram.l. 
(1879), 967. 

»» 

I* 


J. L. Soret, Archivea 
dfs sciences phy- 
siques et natureUes, 
8rd SerieB (1893), 
429. 

Hartley, Trans. Chetn, 
Soc. 53 (1888), 641. 

Hartley and Hunting- 
ton, Phil. Trans. 1. 
(1879), 267. 

ft 

Hartley, Dobbie and 
Paliatseas, Chem. 
Soc.Trans.il [IWO), 
830. 


»♦ 




Hartley, Phil. Tram. 

II. (1885), 471. 
Hartley, Chem, Soc. 
Trans. 89 (1881), 67. 


Hartley, P/{t7. Trans. 
II. (1885), 471. 


Hartley, Chem. Soc. 
Tra7M. 89 (1881), 168. 

Hartley and Hunting- 
ton, Phil. Trans, L 
(1879), 257; Schonn, 
Wied. Ann. 6, New 
Series (1879), 867. 

Lomoult, Oompt, 
B€7uh 181 (1900), 

889. 

Hartley and Hunting- 
ton, Phil. Trans. 1. 
(1879), 267. ^ 


Hartley, dhem. Soc, 
Trans. 41 (1889), 45; 
46 (1885), 686. 

Melde, Pogg, Ann. 
126 (1866), 964. 
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Substance 

Piorotoxino 
Piperidine . 

Piperine 

Poiassium Cyan- 
ate 


Propionic Acid . 


Propionic Acid- 
Barium salt of 
Propionic Acid— 
Sodium salt of 
Propylic Alcohol 
Prupylic Formate 
Propylio Propio- 
nate 

Propylic Valera- 
nato 

Purpurin . 


Purpnro-xanthin 


Pyrarino - di • 
methyl 
Pyridine 


Pyridine hydro- 
chloride 

Pyridine 2.5 di- 
cuboxylio acid 
(mo • cinchome- 
, ronic acid) 
Pyrocatechol 


Pyrogallol . 


Pyromucic Acid . 
Pyrrole iPyrro- 
Ime) 


Appendix— 


Formula 


Nature of 
Absorption 


y.. 


Reference 


CsoHjiOj.-} 

CiH„N 


CitHioNO.j . 

KCNO 


CjH^COOH 

(CjHsCOOl.Ba . 
CsHiCOONa 


Hartley, Phil. Trans. 

II. (1885), 471. 
Hartley, Chem, Soc. 
Trans. 47 (1885), 
686 . 

Hartley, Phil. Trans. 

II. (1885), 471. 

J. L. Soret, Archives 
des sciences et natu- 
relies^ 8rd Series > 
(1898), 429; Hartley, ’ 
Dobbie and Lauder, 
Chem. Soc. Trans. 
(1901). 

Hartley and Hunting- ^ 
ton, Phil. Trans. I. ; 
(1879), 257. 

! 

! 


I 

! Continuoufl 

! »> 

i 

' Selective 
I ContiniiouB 


CsH,OH . . 

HCOO.CjH; . 
CaHr,COO.C:,H: . 


>» 

»» 


»> 


CsHaOj-CsH, . . . 

c<>h*<co)c«h(oh);+HjO 
[(OH), 1:2:4] 

C,H,(C0).AH;(0H),[1:S] 
See under I). 


>» i »» 

Selective j Vogel, 11 (1878), j 
j 1868; liibermann ! 
and Kostanecki, Ber. 
19 (1886), 2827. 

„ Libermann and Kosta- ; 

necki,Bcr.lO(]886), ’ 
2327. 


C5H,N 


C:,H,N.HC1 


C;.H5N(C00II),. . 




I One band 

I 


II 

Selective 


Hartley, Chem. Soc. : 
rra»M,47(1885),685; j 
Hartley and Dobbie, | 
I Chem. Soc. Trans. ; 
77(1900),S18;Pauer, j 
Wied. Ann. der ] 
Phys. 68 (1897), 368. 1 
Hartley, Chem. Soc. ; 
Trans. 47 (1885), ! 
685. I 

Hartley, Chem. Soc. j 
TrafM.41 (1882),45. ; 


! CoH,(OH). . 


i CcHmDH)^ 

I 


C,H.^.COOU 

CH:CH. 

I >NH 
CH:CH"^ 


. i „ j Hartl«v, Chem. Soc. ! 

I Trans. 58 (1888), I 

I C41. I 

. i ,, Hartley and Hunting- I 
ton, Phil. Trans. 1. ' 

! (1879), 257. 

. ‘ Continuous | „ 

, „ ! Hartley and Dobbie, ; 

I Chem. Soc, Trans. ; 

\ (1898), 599! : 
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Substance 

j 

Formula j 

Nature of 
Absorption 


Referenoo 


Q 


Qainidine buI- . {C.ioH24Na0.2)aH3S04 
phate 
Quinine 

Quinine sulphate 
Quinizarin . 


C,oH.„Na03 . . 

(C.m.H.24N303)H3S0. . 
CtfH4(CO)3CaH.*(OH)a 
[1:4] 


Quinone 


. Quinoline . 


\ Quinoline hydro- 
I chloride 
: Tetra- hydro-qui- 
noline 

, Tetra - hydro-qui- 
noline hydro- 
’ chloride 


Resorcinol . 


Rosaniline (base) 


Rosaniline hydro- 
chloride 
Rosolic Acid 

RufigiJlic Acid . 


Saifranine . 


Salicylic Acid 
(5 % solution) 


Salicine 
Santalin 
Sarcine 
Serine . 


C,H,(0H)3. 


C,H:N 

C0H7N.HCI 

CpHuN 

C^HiiN.HCl 


(1 : 8 ) 


HaN,C,H4\p/CoH3(CH:.).NH3 

GjoHaoNsCl . . . . 



Ci|H203(0H)g 
[1 : 2 : 8 : 5 : 6 : 7] 

s 

* N 

/\ 

Cl CrtH4.NH, 

C6H4(OH)(COOHj . . 


CisHihOy . 

G15H140J . 

See under Hypoxyanthv 
C3H7NO3 . . # . 


Selective 


Hartley, Phil. Trans. 
II. (1885), 471. 


Libermann and Kosta- 
neoki, ^er. 19(1886), 
2827 ; Liebermann, 
Ber. 21 (1887), 2527. 

Hartley, Chrmr. Soe. 
Trans. 58 (1888), 

641 ; J. L. Soret, Ar- 
chives des sciences 
physiques et natu- 
reUeSf 8rd Series 
(1898), 429. 

Hartley, Chem. Soc. 
Trarw. 41 (1882), 45; 
47 (1885), 685. 


One band 


* Selective 

Three bands 

Two bands 
Selective 


Hartley, Chem. Soc. 
Trans. 53 (1888), . 

641. ! 

Hartley, Che7n. Soc. 
Trans. 61 (1887), : 
153. : 


Kriiss, Ber. 18 (1885), ! 

2680. I 

Libermann, Ber. 21 
(1887), 2627. 


Selective ! Landauer, Ber. 11 J 
I (1878), 1772. 


Hartley and Hunting- 
ton, Phil. Trans. 1. 
(1879), 267; Hartley, 
Chem. 8oe. Trans, 
68 (1888), 641. 


! Continuous 


j Sodium Carbo- : Nn-jCO.^ 
I nate 


Vogel, Ber. 11 (1878), 
1868. 

J. L, Soret, Archives 
des sciences phy- 
siques et naturelleSf 
8rd Series (1898), 

499. 
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Bubetanoe 

1 

Formula 

\ Nature of 
; AbHorption 

1 

iolanine 

CMHasN 0 „(?) 

Continuous 

Hryohnine . 

C„H„N,0.. 

T 

Selective 

Cetracetyl mor- 

See under Moi^)hine. 


phine 

'etrahydrobenzene 

1 ContinuoUB 

CflHoH4 

ThebaYne 

C 10 H 21 NO 3 

i . 

I Selective 

Fhiophene . 

CH:CH, 

Strong 

1 Ss 


CH:CH/ 

continuous 

i 

rhymol 

C<»H 3 (CH 3 )(CsH 7 )OH . . . . 

14 8 

1 

: Selective 

i 

Toluene 

C^HjCHs 

n 

9 -Toluidine Hy- 

C 7 H 7 .NH. 4 .HCI .... 


drochloride 


p-Toluidine . 

C 7 H 7 .NH 2 

\ 

Tri • umido • azo- 

See Azo Compounds. 


benzene 


Tri-ethylamine . 

■ NiCjHs), 

1 

j Continuous 

Tri-ethylmelaminG 

C 3 N«H 3 {C 2 H,), .... 

ft 

iM.P. 74°) 

u 


Tri • ethyl - iso - 

C3NeH5(C.4H5)3 .... 

\ 

1 

1 

melamine (M.P. 


92°) 

i 

1 

Tri-methylamine. 

j N(CH,)., 

i II 

Tri-methyl ben- 

1 C6H3{CHj)3 .... 

. ! Selective 

zene ( 1 : 8 : 6 ) 


(Mesitylene) 



Trimethyl-rosanil- 

See Iodine Green. 


ine di- methyl- 



di-iodide 



Triphenylmethane 

. CH(C«H3)3 

M 

TropoDoline 0 

See Helitinthine. 

No. 1. OH,C,oHe.N:N.CeH 4 .S 05 Na . 

a 


TropcBoline 000 

One band 


No. 2. 0 H.Ci 3 He.N:N.CaH 4 .S 03 Na . 

C,HuNO, 

II 

Tyrosine 

Selective 


Reference 


Hartley, Phil, Trans. 
II. (1885), 471. 


Chem. Soc. Trans. 
77 (1900), 846. 
Hartley, Phil. Trans. 
II. (1885), 471. 

Hartley and Dobbie, 
Chem, Soc. Trans. 
(1898), 699; Pauer, 
Wied. Ann. der 
Phys. 61 (1897), 303. 
Hartley and Hunting- 
ton, Phil. Trans. 
(1879), I. 257. 
Hartley and Hunting- 
ton, Phil. Trans. 
(1879), 1. 257; Pauer, 
Wied. Ann. der 
Phys. 61 ri897}, S63. 
Hartley, Chem. Soc. 

Tram, 47 (1885 1, 
« 685. 


ton, Phil. Trans. I. 
(1879). 267. 

Hartley, Dobbie, and 
Lauder, Chem. Soc. 
Tram. (1901). 


Hartley and Hunting- 
ton, Phil. Trans. I. 
(1879), 267. 


, Hartley, Chem. Soc 
Trans. (1887), 153. 


Hartley and hunting- 
ton, Phil, Trans. 
I. (1879), 257 ; J. L. 
Soret, Archives des 
sciemes physiques 
et mturmeSy 3rd 
Series (1898), 429. 
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Substance 


Formula 


Nature of | 
Absorption ; 


Reference 


Urea 


CO(NH.,). . 


u 


UricAciil . . 


iTeratrin 
iTictoria Bine 


V 


C0 JH40NO.J . 
3re,-N.CuH4 

Me-N-C^Hi 


C,oH^-NH.Pli 


Cl 


Continuous | J. L. Soret, Archiven 
(Irs sciences phtf- 
I siques et naturelUs^ 
' Series (1S98), 

i 429; Hartley, Zoc.cs^. 
. . Selective ! J. L. Soret, toe, cit . ; 

I Hartley, Ch^^ 1 n. Soc. 
Trails. Cl (1887), 
1C3. 


. . Selective Hartley, T'^'ans. 

11. (1886), 47 

• „ Iiemoult,Comj}^.i?/mf7. 

131 (IBOOj, 889. 


w 


)istillcd Water . HoO 


Xanthine hydro- 

, CjH,Nj02.HC1 

chloride 

p-Xylenc 

CfiH,(CH3), 

m-Xvlene 

o-Xylene 

C«H4(CH3).2 

C,H4(CH3)2 


• Highly Hartley and Hunting- 
diactinii; ton, Phil Trans. I. 

(1879), 267. 

X 

* . Selective J. h. Soret, Archives * 

* , dvs sciences phy- 

siques et naturelles^ 

, Series (1898), 

429. ' 

. Two bands . Hartley, Ghem. Soc. 
f Trttrw.47(1..86),686; 

Paner, Wied. Atm. 
fler Phijs. 01 (1897), 

! 36P 

- 1 One band ; 


m 2fetfu>ds/or 0^ DeU>rmi^i^y Hydrolytic Dissociation of Salt. 
Solutions. By R. C. Farmei^ Ph.D.^ M.Sc. 

[Ordered by the CounoU to be printed in. extenio.'\ 

It is a matter of common experience that many salts altlmnol, • ' 

^mvalent quantities of acid and base, reac/ aci* or aoSin^^"^^ 
indicators in aqueous solution. If we take, for instance a S 
potassium cyanide and dissolve it in water, we find that V. 

tMns the amount of hydrocyanic acid theoretically n^iart^ta n« 
the potassium hydrate, it reacts stronriy alkaline nentraliw 

sence of free potessium hydrate in tMS ’ P« 

cha».tofall» smell. It i. tl>eteIo» erident iL the 
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has undergone a deeotn position into free potassium liydr/ito and free 
hydrocyanic ;icid 

KCN -f HOH=KOH + HCN. 


tSiniilaidy wo find tliat other salts, a«, for instance, ferric chloride, react 
acid in aqueous solution. 

Even Uosf*,* who was prohahly the first to notice these phenomena, 
recognised that this was the result of a secondary reaction, which was 
brought about by tlm watei. An analogy was sought in the decomposition 
of acid chlorides and the breaking up of organic complexes such as saccha* 
rose, in which the elements of water are taken up, and for this reason 
the name ‘ liydrolysis ' was, rather unfortunately, applied indiscriminately 
to tile two phenomena. 

The nature of the decomposition formed the subject of considerable 
discussion, but it was not until Arrhenius brought the theory of electro- 
lytic dissociation to bear cm it that a satisfactory explanation was found. 
As this theory is almost universally accepted at the present time, it is not 
necessary to make more than a pivssing reference to a theory which at 
one time olFered some opposition to that of Arrhenius. This w'as an 
assumption that the salts in ijuestion formed hydrates in aqueous solution, 
and that these hydrates possessed acid or basic properties. 

Thus Werner - att*»mpted to explain the acid reaction of copper 
chloride in aqueous solution on the assumption that it formed a hydrate of 

the formula "hieh was acid in cliaracter. In this way, of 

course, it would be possible to account for the acid or alkaline reaction of 
all hydrolysed salts. Potassium cyanide would form a hydrate of a basic 
nature and so on. % ^ 

It is an unsatisfactory feature of this theory that it makes the 
assumption of innumerable hydrates whose existence in aqueous solution 
i.‘ still to be proved ; but apart from this it is shown that the acid or basic 
reaction is the result of a dissociation j^d not of a formation of hydrates 
by the fact that thti acid and basic components can be easily separated. 
This separation can be sometimes efi'ected by mere warming, as in the 
case o^iron or aluminium acetate, in many other cases by dialysis. 

In the ease of diphenylainine hydrochloride repeated washing suffices 
to completely remove the hydrochloric acid, and in the ease of many 
organic salts, as, for in.staiice, sodium phenolate, one of tlie components 
can ho partially removed !»)>' <»xtraction with ether. 

In 1 S 90 Arrhenius-* brought forward a simple explanation of the 
hydrolysis of .salts on the ba.sis of the theory of electrolytic dissociation. 
All that was neoes.sary in order to bring the phenomenon of hydrolysis 
into complete liarimmy with the ii)!iie theory was to consider water as an 
electrolyte, to suppo.^e that it is to a slight extent dissociated into 
hydrogen and hydroxyl ions. Later investigations have completely jiistitied 
this assurnption. Compared with the weakest of acids, the ionisation of 
water is almost intinHesimai, but it has been detorinined with a consider- 
able amount nf accuracy. Water consists, then, of a solution of hydrogen 
laid hydroxyl ions of such a strength that Um million litres of w^ater 
contain approximately one gram equivalent of free ions. This means tbiit 
‘'witer can act at the same time as a weak acid and a base. 

' Jaffraher., 1852, 5U)C ‘ XeiUchr, ftir a;7ortj. 9, lOS. 

* Znfschr, fiir Chom., 6, 10 (IS'OO). 
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Thus, wlihn an acid and a baso are brou'^ht together, ilio neutralisation 
never takes place quite completely. There always rt^maiu as many free 
I'.vdrogen and hydioxyl ions over as are usually present in pun^ water. 
The quantity of ionised water is, of course, so small as t(» bo practically 
negligible in most i*ases, but its ellect becomes very marked wlum the acid 
or base of a dissolved salt is verj' weak. 

If we take, for instance, a salt like pobissium cyanide, its acid, liydro- 
cyanic acid, is very weak, and is still further enormously weakened by the 
presence of its neutral salt, or, to put it in ionic language, by the presence 
of excess of cyanogen ions. The water is therefore by virtue of its slight 
acid properties capable of setting free a considerable quantity of the acid 
from its salt. 

It might appear at first sight as if the solution should still react 
neutral, since the acid and base are set free in equivalent quantities. Tlie 
theory of electrolytic dissociation shows us, however, that this is not the 
casio. If we consider the equilibrium ; 

kcn+hoh;^kch f jtox 

the potassium hydrate exists practically completely in the ionised state, 
whereas the hydrocyanic acid is almost entirely unionised. Tliu.s w^ohave 
a large excess of liydroxyl ions in the solution, and it is these that give 
rise to the alkaline reaction. Expressed ionically the e(juili)jrium will 
read 

CX' + IfOin^HCN-fOU'. 

This theory of Arrhenius has now met wdtii almost universal accept- 
ance, and has amply justified its adoption as a working basis for all 
quantitative problems dealing wdth hydrolysis. , 

The conditions for the dissociation of a salt into free aciil and base? are 
therefore- - 

1. That tlie acid or base of the salt, or both, be very weak. 

2. That the solvent itself be s /inowhat ionised. 

Hitherto the phenomenon appears only to liave been studied in aqueous 
solution. If the slight conductivities found for pure alcohc)! are really 
due to an ionisation into hydrogen- and ethoxy-ions, then we should 
expect salts such as sodium phenolate to be also split up to some extent in 
alcoholic solution. 

For the qualitative detection of hydrolysis, indicators afford the most 
reliable test. From the results of I^y,^ litmus appears to be tlie most 
sensitive of those. 

►Still, the method of simply te.sting tlie solution wdtli an indicator 
might at times give misleading results owing to t lu^ presence of trac(?s of 
acid or alkali ill the salt. Ley recommends a more satisfactory method.’ 
This is to titrate the solution. If the salt of a w(‘ak base, for instance, is 
really hydrolysed, it will not only react acid in the pure state, but will 
also continue to react acid even on addition of a cotsiderable quantity of 
alkali. Thus, wdiereas the least trace of sudiiiin hydrate .suliiced to render 
a s'olution of magnesium sulpliate or barium chloride alkaline, solutions of 
lead chloride and copper chloride continued to react acid until almost the 
whole of the hydiochloric acid had been removed by the sodium hydrate. 

As otbfcr qualitative methods any processes may be ii^ed which bring 

* Sidtkiir. fHfi'injs, 80, (1800). 
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liout a separation of the components. Thus, tlitj hydrocyan Tc acid may 
Hi pai’tially removed from a solution of sodium cyaiiule hy 1 curnmt of 
►urc air, tlui fdumol may partially extracled from a solution of sodium 
ihcnolat(‘, hy ether, and so on. 

QutDifihitirn Mt fhttds, — When \vc attack the. proldern of ascertaining 
[uautitatively to what extent this hydrolytic dissociation of salts occurs, 
t is at once (ivjd(*nt tliat the hydrrdysis cannot )jc delcuiniiied by any 
lirect measureimuit of the free acid or alkali in the system. If we attempt 

0 titrate the solution of a salt like potassium cyanide, the equilibrium 

1 at once disturbed, and as wo neutralise the free potassium Jiydrate in 
he systcmi by the addition of acitl, more ])otas.sium hydrate is supplied 
rom the potassium cyanide to take its place. As we have seen, the 
eutral point is in many cases only reached when enough acid has been 
dded to completely split up the salt. We must tlierefore resort to some 
idirect means of estimating tlu^ free acid or alkali in the system without 

disturbing the equilibrium. 

We will pass over sucli methods as the determination of the lirvit of 
neutralisation, as these have hul to very incorrect ideas as to the extent (jf 
tin; hydrolysis. For instance, determinations of the li(;at of neutralisa- 
tion of liydrocyauie acid led to the belief tliat a solution of sodium 
cyanide was sj)lit up to the (‘xtent of 80 per cent, into fre(; hydrocyanic 
acid and sodium liydrate, whereas in I'eality its hydrolysis only amounts 
to about 1 }>er cent, in normal solution. 

In fact, the liydrolysis proves in most cases to be much smaller than 
was formerly imagined. Even salts like sodium plumolate, which react 
strongly a,]kalinc, are only liydrolysed to the ext<*nt of 2 or M per cent, in 
ahout i\, normal solution. 

The <juantitative methods which have hitherto been used an; mostly 
h.ised on the nieasurenieiit of tlie velocity of reaetions, brought about by 
the free alkali or acid in the solution. Of those reactions the cliief have 
been the saponilication of esters and the inversion of eane sugar. 

S(if)()inJir(ifton. o/ Kstrrs. — If we take an ester such as ethyl acetate 
and dissolve} it in pure; water, it ^mll remain for weeks practically 
uiiairect(»d. If, however, we add acid or alkali, saponitication sets in, and 
])n>ceeds with a veloeity <lepending on the amount of acid or alkali added. 
TIk; \(*lo(:ity can be ineasiinHl by means »>f titrations. 

If we treat the ester with a hydrolysecl salt, saponitiealion will like- 
w? > take ]>lact‘ by virtue of the free acid or alkali which the solution 
contains. Wt; mu.-t distinguish between the case in winch the saponilication 
is brought aliout by fret* acid and that in which it is brought about by 
alkali. Tin; action «>f acids in saponifying esters is purely catalytic ; the 
aunjunt of acid remains unchanged throughout the n*aetion ; this is, there- 
fore, tin* simplest ease, and we will consider it tirst. 

Eor the measurement of the velocity, known quantities of ester and 
ftcid an; brought io«iether in aqueous solution and kept at constant 
temperature. At measuri'd intervals of time a part of tin* solution is 
removed by means of a pipette and quickly titnited. This tells us how 
much of the ester has been converted to acetic acid and alcohol in a given 
Hue. Erom the results of those titrations the whole course of the reaction 
can 1 ) 1 *. billowed. * 

l»y the law of ma.ss action, the velocity of the reaction at any moment 
IS pmportioiial to the product of the concentrations of the reacting sub- 
a^nces (the ester and acid). The velotitv diminishes, therefore, as the 

E 2 



KEPOKT— 1001 . 


211, 

ester is usei up. If C| and C., he the two concentrations, and I he the 
time, * 

f/C' 

Volt)i*it.y = — - =KCiC. 2 , 'where K is a constant. 

If we always take the same amount of ester, th(^ velocity of the 
reaction is proportional to the amount of acid added. Tlie general 
method is therefore to determine by a preliminary experiment the velocity 
t f saponitieation hroiight about by a known amount of pure achl, and 
af«erwanls to determine its velocity as brongh? about by the aeid in the 
hydrolysed salt. If wo have found the velocity of saponification brought 
al)out l)y a known (piantity of acid, then we can conversely calculate 
from the velocity of saponitieation which the hydrolysed salt brings 
about, how much free aeid it contains, that is, the extent of its hydrolysis, 
reiuCTiibcring always that the velocity of the reaction is proportional to 
the amount of fn‘e acid pre.scnt. 

It shouhl be mentioned that this proportionality does not hold quite 
strictly in the catalysis of esters by moans of acids. There are deviations 
from it which are not fully understood. It dilFers in strong and weak 
solutions of acids, apart from tin? difference which one woulil expect from 
incomplete ionisation. Tlie presence of neutral salts also lias a consider- 
able intluonoc on the velocity. Consequently tlu' results obtained by this 
nu‘thod are not to he taken as very accurate. 

Since tin' velocity varies throughout the wliole course of the reaction, 
we cannot take a direct measurement of the initial velocity of saponi- 
fication, a.s the velocity changes so (|uickly that no trustworthy results 
cuuld he obtained in tin's way. The calculation is carried out by means of 
the well known ecjiuition 



which holds for monomolecular reactions. 

.V is the initial concenlratitm ol*the ester, .r is the amount saponitied 
in time ^ and K is a constant. The titrations taken during the whole 
o«)urse of the reaction are used to determine K. By comparing the 
constant K obtained for the hydrolysed cldoride of a weak liase with that 
obtained for pure liydroehloric acid, the amount of free liydrochloric acitl 
in the solution of the .salt can be easily calculated, and hence tlu^ degree of 
hydrolysis. 

Th<? first (rN’periinents in this direction were carried nut by Walker in 
IFe determined the velocities of saponitieation of methyl acetate by 
tie- hydrochlorides of very weak ba.ses, such as tliiazol, and ihu.s deter- 
mined the clegrec.s of hydrolysis. 

A similar method was worked out for the' s?ilts of \ery weak acids by 
Shields, in ISO!).- Me dtdermined tim hydrolysis cA’ tin? alkali salts of 
phenol, carbonic acid, boric acid, <kc. lu this ca.se. it is not free acid that 
we have to determine, Imt free alkali, and the matter is complicated by 
the fact that the free alkali is removed from tlie system as the reaction 
proe<*eds, so that the, equilibrium of the hydrolysis, as, for in.stance, 
!\(JX 4- MtOH -p HCN, is continually changing. It would lead 

ub too far to go into the details of how this is taken into account. It i.s 


‘ /dxtschr./iir C.'t'im , 4, ?,]9 


2 Ibid., 12, 167 (1893). 
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, sufficient to sjiy that a formula can be deduced for tlie reaction, and that 
• Shields found it conlirnied by (3xj>erinient. 

In spite of the complicated nature of the reaction, very good results 
can be obtained by this nictliod. Tlie saponilication proce(‘ds very much 
more quickly under the influence of hydroxyl ions than of hydrogen ions, 
and so tlie measurement of (‘veu very small degrees of hydrolysis can be 
carrh^d out at the ordinary temperature, which is not the case in tlie 
method inentiomMl previously. Shields was abhj to measure even sucli a 
small degree of hydrolysis as that of sodium acetate — rather less than 
^ 0*01 per cent, in normal solution. This is a degree r)f precision which 
greatly surpasses that of any determinations of free aedd by tin* catalysis 
of est«?rs or (»f cane sugar. 

Shields sliowed that the velocity of saponilication was not: disturbed 
by the presence of ester and alcohol. He further showed by tlii.s method 
fliat trisodium phosphate, Na^PO,, is quantitatively split up in aqueous 
solution into Na.j]IP 04 and NaHIl. 

According to Ley,' thi^ saponilication of esters sometimes takes place 
even under the inllueiice of neutral .salts, such at KCl at 100°. It is 
doubtful whether this points to a slight liydroly.sis of the salts at tliis 
temperature, which .seems xevy improbable, or whethei* in certain cases 
other ions besides liydrogen and Jiydroxyl can act as catalysers in 
saponifying esters. In any case the velocity of the reaction is very small 
as compared with that brought about by salts which are known to l)e 
, hydroly.sed. 

The following tables give the percentage of hydrolysis of a number of 
salts of weak acids and bases as determined by this method by Walker 
and otlieis. For the sake of compari.son the values have all been recal- 
culated, so that the ligures^give the hydr(»lysis in normal solution. 


I. — li yd ro1 ysis 

of the hydrnch for ides of n'eak bases rts* 
catal ysis of ^ters. 

Temperature = 

PcM’cciita*;*’ livcho- 

measured by the 

1 V*rcciii age hyd ro 

Name of base. 

lyhis of llydrochloriilo 

in ^ solution. 

Ill 

Name (»f base. 

ly^is of Hvdrofhlor 

in ^ solution. 
lU 

Tliiazol 

. ir 

Acetexime . 

. 3C. 

Idycoi’.dU 

. Ill 

Urea 

. 110 

Asparagine . 

. ‘jr» 

Acetninido . 

. !‘S 

I'liiohydanfoin 

. oil 

]*roj)ii>i)itrilc 

. no 

Asparaginic Acid . 

. .'ll 

Tbiourca 

. I'll 


II. — J/i/flnJi/sifi of the alhaJi sa/ts of iveak achls <(.< infasm ol hy the 
suponijicution of' e star n, 

Temperalu rt' = 2 ’)*^. 



i’»M‘ 4 i'ulago Tlydro- 

Pcrceiii 

age JfydiM 

Nii:no of Acid. 

lysis of salts in 
^ Bulutioii. 

j Name of Acid. 

>l‘ salts ill 


1 

solution. • 

b.V<1i ocyanic acid 
Acctjcacid . 
Uarbonic acid 
Hieiiul 

p-Uhlorphenol 

10 



. M2 

1 

1 <;-Clilorplicnol 

MS 

. . 0 008 

2:4. Diclilorphcnol 

0 21) 

. ,'M7 

. :b0;> 

1(>2 

2:4:0 Triclilorplionol 
yi-Cyanpbcnol 

7 i-Nitropbcuol 

0 21 
0-21) 
o-u» 


' Zi'Htvhr, f iir phys. C/ictfi., 30. -IM) ( 
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Invn'siou o/Canr Sitf/nr.—lt is wt*ll known that tho invorsion of cane 
sugar is brouglit about by the addition of acid toils aqueous solution, and 
that the reaction can be followed by means of the polarimoter. Tlie 
velocity of the inversion is proportional to th(^ amount of acid added, and 
it is evitlent that this is a method which can be applied to the estimation 
of the acid which is hydrolytically set free from the salts of weak bast's. 

The tirsl application of this method appears to have been madt^ by 
-Rruiier in 181).‘». JLe measured the hydrolysis of a number of inorganic 
chlorides, nitrates, and sulphates at 40°. His Avork Avas, hoAvever, very 
much oA’t'rlooked, through having been only published in a Polish journal. 
In 1000 he republished it in the ‘ Zeitschrift fiir phys. Ohem.’ (32, 133). 

^reaiiAvhile Walker and Aston ^ had dt'tenninod the hydrolysis of a 
number of hydrochlorides of Aveak organic bast's, and a few inorganic 
nitrates by the same method at 00^. Ley extended this Avork on 
inorganic salts at 100°.- It is impossible to directly compare these 
results Avith one another, as they Avere all obtaim*d at ditlerent tem- 
peratui’cs. The temperature has been shoAvn to have a vt'ry great in- 
lluence on the hydrolysis, as tin' dissociation constant of pun? Avater rises 
aonormally rajndly Avith rise of temperature. 

The iiiA’ersion is a nmnomob'ciilar reaction, and the calculations are 
very similar to those of tin' catalysis of ('sters. Ley points out that this 
method is somewhat limited in its applicability. Some salts Avhich react 
acid to litmus act as neutral toward.s cane sugar, and couA ersedy some 
neutral salts bring about inversion of the sugar. Even potassium 
chloride brought about inversion of the sugar at 100 , but gave very 
irregular results. A disadvantage of working at such a high temperature 
is that the results may be vitiated by impurities dissolved from the glass, 
and it is probable that something of this sort occurred in the determina- 
tions on potassium chloride, for Ley found similar irregularities on 
making experiments Avith extremely dilute solutions of liydrochloric acid. 
The inversion seems also to be con.siderably influenced by dissolved salts. 
Ley eonsiden'cl the limit of acc\iracy to be about 0*r> pei* cent, in 
normal solution. 

The folloAving tables contain a number of results obtained by the 
abov(;mentioned observers for the hydrolysis of orgsniic and inorganic 
chlorides : — 


III. — II jjdrohjais of tho. hi/drnrJdorides of orfjtnnc hasf^s ns detfirin ltn^d 
hy the inrrrsioii of aine snyar, 

Ti^nrperature = 00°. 


Name ot base. 

Percent a«^e Ilydro- 
Ivaisof Hydrochbiride 

Name of bas*’. 

P<‘ro(‘nt.atje Hydro* 
lysis of Hydrochloride 

in — solution, 

10 

IS 

Pyridine 

11 solution. 

10 

. 1-2 

Gb’cocoll 

Monoinetbylaniline 

1-2 ! 

Asunrawine 

21 

Quinoline . 

1-2 ! 

! Acetamide . 

78 

p-Toluidinc 

1*7 

Urea 

81 

Aniline 

20 

Thiourea 

92 

e-Toluidine 

;v2 

t*ropionitrile 

92 


J.as., 67, C 7 r> (1895;. 

ZtiUrhr.fiirjilujs. Chem.^ 30. 21G(IS99). 
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IV . — Uydtolysii of hiorganic chlorides (inversion melhod). 
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Th(^ chlorides of the alkali metals and of the alkaline earths, as also 
tho8(5 of yttrium, s<,‘andium, manganese, cobalt, and erbium, showed no 
appreciable hydrolysis. 

A imjtliod somewhat similar to the inversion method was recently 
suggested by Wood.' 1 Ic allowed diastase to act on starch in presence 
of a hy<lroIyscd salt. Acids or idkalies retard the action of the diastase, 
and the retardation was taken as a basis of measurement of the amount 
of acid or alkali present. The action is very much a^^t^cted by changes of 
temperature. »So far only rough approximations have been obtained in 
this way. 

EhivAnc Cond activity . — The electric conductivity has for a long time 
been looked on as a useful method for the determination of hydrolytic 
dissociation. Its capabilities in this direction have, in my opinion, been 
considerably overestimated. The method used for the determination is as 
follows : -It is well known that almost all salts are fairly completely 
ionised when dissolved in water at a moderate dilution. Their electric 
conductivities, which form a measure of their ionisations, do not differ 
from one another by a great di‘al in solutions of equivalent concentration. 

Th<! free acids and bases, on the other hand, have all possible conduc- 
tivities, ranging from almost nothin;^ in the c.ase of the very weak acids 
and bases to values very much greater than those of the salts in the case 
of the strong acids. 

If, then, we takt* the solution of a salt such as aniline hydrochloride, 
which is considerably split up into free aniline and hydrochloric acid in 
aqueous solution, the observed conductivity will be partly due to the salt 
C.^HrjNH^l ICl, and partly to the free HCl which is split off by hydro- 
lysis. The free aniline wliich is present in the system will not contribute 
appreciably towards the conductivity. 

Since the .conductivity of hydrochloric acid is very much greater than 
that of aniline hydrochloride, we shall be able to draw some conclusion 
from the conductivity as to the amount of free hydrochloric acid which is 
present in the system. If ^ , be the molecular conductivity which aniline 
hydrochloride would have if it were not hydrolysed, /inci that of hydro- 
chloric acid, and*a; the fraction of the salt which is hydrolysed, the 
observed molecular conductivity (M) wdll be 

M=(l— due to unsplit salt, 

+ free HCl. 


' Amcr. Chem. 16, 313. 
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From this Wo qfcfc 

.r= 

From this tho degree of liydrt»lysis can bo calculated. 

The conductivity of the hydrolyscnl salt M can bt' directly measured 
Avith a certain amount of accuracy. Tho experimental error will amount 
to perhaps O’o per cent, under favourable circumstances, rising to I per 
cent, or more at the highest dilutions (about normal). 

Similarly /[»nci can be ascertained by direct measurement. 

The problem is, therefore, to ascertain what the molecular conductivity 
would be if the salt were not liydrolysed, that is, /i,. There are several 
ways .of arriving at this, but none permitting of any great accuracy. 
Walker was the tirst to attempt to inea.sure hydrolytic dissociation in this 
way.^ He determined the electric conductivities of the chlorides and 
sulphates of a number of very weak organic bases, including salts whicli 
were hydrolysed to the extent of nearly 100 percent. 

He arrived at the approximate conductivity which the salts w’ould 
have in the unhydrolysed state by analogy with similar salts which were 
known not to be much hydrolysed, and assumed th.at the molecular 
conduct i\ ities would be equal at the same dilution. As the degrees of 
hydrolysis were in all cases very large, tliis served his purpose tolerably 
well. For instance, for thiazolhydrochloride in normal solution he 
found ]M=rlS9*^. lie a.ssumedthe real value /<, to be 90. /i,ici was known 
to be 37o. 

189-8-.00 

Hence =0 0 ;), 

i.e.y the salt is liydrolysed to the extent of .‘>0 per cent. From tho 
cataly.sis of iiietliylacetate ho found 34*G per cent. The values that he 
found ill this way corresponded pretty closciy with those obtained by 
catalytic methods. 

This method of analogy gives, Wwever, only a very rough approxi- 
mation of the conductivity of the unsplit salt. It was probably several 
units out in most cases, and for this reason th(^ mc^thod is not adapted to 
the determination of small degrees of hydroly.sis. Errors of several per 
cent, are unavtjidable. In tluj ca.se of the h^ss liydrolysed salts no results 
could he obtained at all. Indeed, in the casfi of aniline hydrochloride he 
found the conductivity to be con.siderably xinatlrr than that calculated 
from the vcdocities of migration of the ions which it contains. It is there- 
fore evident that some more satisfactory method is necessary for the 
determination of the true conductivity (mi) of the salt in absence of 
hydrolysis, if small percentages of hydrolysis arc; to be measured. 

Bredig^ extended Walker’s work in this direction. He determined 
the true conductivities of such salts as aniline hydrochloride by a very 
simple device. He added aniline to the solution, and in this way drove 
back the hydrolysis to such an extent that he could arrive at tho true 
conductivity of tho salt. In this way he determined the hydrolysis of 
aniline hydrochloride and a number of its derivatives. 

The converse method of reducing the hydrolysis to a minimum by 

* Zeitsclir.f'iir 2 f^fVS. Cliem., 4 , 333 ( 1889 ). 

« Ihid, 13,321 ( 1894 ). 
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excess of acid has deen tried, hut, so far, witJiout much success. The 
method is probably capable of much better development. 

The commonest method for the determination of this \alue //, is a 
.somewhat indirect one. It is ca well-known fact that almost all salts 
are fairly com})letely ionised in aqueous .solution. Thus the molecular 
conductivity is not very far removed from its limiting value, even at 
moderately high concentrations, and hence does not rise very much when 
we increa.se the dilution. It ha.s been found empirically that the amount 
by which the molecular conductivity of binary electrolytes increases 
between any two given dilutions is nearly constant. The conductivity is 
generally measured at dilutions ranging from 32 litre's to 1024 litres. It 
lias been found that in the case of binary electrolytes which an; not 
hydrolysed the molecular conductivity at the.se two dilutions differs by 
approximately 10 units at 2o^ 

Thus the sodium salts of the fatty acids, being .scarcely at all 
hydrolysed, give dillerences which all approximate to 10 unit.s. The 
sodium salts of dibasic acids give a difference of about 20 units and .so on. 
In general, the difference, A, is given by 

where }i , and n.j are the valencies of the two ions. With hydrolysed 
salts we get a very different state of affair.s. Here we find the differences 
to he abnormally large, for the following reason. At the highest con- 
centrations the hydrolysis will not come into play very much, and the 
values found will approximate more or less to the true values. As we 
increase; the dilution, however, the hydrolysis increases more and more, 
and at the liighest dilution a considerable part of the conductivity found 
will be due to free acid or base, and this will, therefore, as we have seen, 
bo greater than the true conductivity *4^ the salt. Hence the difference A 
will be greater than 10 units. 

If, therefore, we lind that the difference A is abnormally great, the 
excess may be atti*ibut<?d to hydrolysis, and the e.xtent of the hydrolysis 
may be calculated by making use of the equation mentioned above : 

M = (l— 

The method cannot be .said to bo very satisfactory unless the extent of 
tbe hydrolysi.s is very large. First, the measurement of the electric 
conductivity at a dilution of 1024 litres does not permit of an accuracy 
of within about 1 per cent. ; and secondly, this value A is by no means so 
constant even for salts which arc not hydrolysed as might be desired. It 
frequently shows deviations of 2 or 3 units, and so a hydrolysis of even 
1 per cent, or so might pass unnoticed. We saw that the hydrolysis of 
sodium acetfite coihld bo fairly accurately measured by the velocity of 
saponification of ethyl acetate. In ,V, normal solution it amounts to 0 008 
per cent. If we calculate what difference this would make to theconduc- 
ivity, we find that the abnormality of the A value should be about 0*15 
^ill be at once seen that anything approaching this accuracy is 
out of the que.stion by the electric method. Indeed, if we compare the 
values actually found for sodium acetate bv two such eminent 
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investigators as Ostwald and Bredig, wo find that Ostwald gives 
/Moil— 10*1, whereas Bredig gives /aioii— 

AVhcn the hydrolysis is greater, however, an approximate idea of it 
can be gained in this way from the conductivity. 


V. Ifi/droitfsiftoj'flu'^ hydrochtoruh^tt oj' orfjtt.nic bases as detennined fron 

thf‘u' efecfric rondactivity. 
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Much more might be added on the subjt‘ct of eh^ctric conductivity as 
applied to the detminination of hydrolysis. Salts in which both tlu? acid 
and base are weak present (juile a difierent aspect, liut a discussion as to 
their behaviour would lead us too far. 

To return to the other iiuithods estimation, a recent method should 
he mentioned whicli ditlers from those depending on catalysis. AVc 
have seen that when a salt such as aniline hydrocliloride undergoes 
hydrolysis two products result, the hydrochloric acid, strongly ionised and 
active, and tlie aniline, practically unionised and inactiv(\ All the; methods 
that have been mentioned so far have depended on the measurement of 
the strongly ionised component, eithei* by its conductivity or by some 
catalytic action which it brings about. 

Under some conditions these determinations become difficult to 
carry out owing to the decomposition or precipitation of on(i of tlu^ 
reaction products or from other causes. In these cases it is better to 
measure tlie indill’crent component. The method that suggests itself most 
readily is that of c*.x traction with some solvent which is insoluble in 
water. The laws of distribution of a .substance between two solvents are 
well known, and ]>y making use of these the liydrolysis can be easily 
calculated from tlie amount of substance which is extracted. The 
method was tested recently by Farmer * in the following way. The salt is 
dissolved in a known quantity of water and a known quantity of benzene 
added. The whole is brought to constant temperature and shaken. The 
amount of substance extracted by the benzene is then estimated, preferably 

• J.aK, 79, 80 3(1901). 
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volumetrically, and from tliis the hydrolysis can be easily calculated if 
the distribution coefficient for the substance in question has been 
previously determined. 

The values found at diffiirent dilutions agreed very closely with those 
required by Arrhenius* ‘ dilution formula.' So far the method has not 
been applied much, but it seems to offer advantages over previous methods 
in several respects. Particularly for solutions wliich decompose on stand- 
ing, it seems almost the only available method. It remains to b<» se<m 
whether this method is capable of the same sensitiveness as that of Shields. 
If so, it would have the advantage of greater simplicity and rapidity. 

The foregoing are, then, the chief methods which have been used up to 
the present for th(^ determination of hydrolysis. 

It will be e\'ident from the abovementioned theory of hydrolytic 
dissociation that the extent of the hydrolysis depends on the strengtli of 
the weak acid or base present in the salts. The I’chition betw€?cn the 
strength of the acid or base and the hydrolysis of its salts can be 
expressed by a simple mathematical formula. 

The dissociation constant is, of course, determined by the ele?tric 
conductivity. It is only recently, however, that the eh»ctric conductivity 
of such weak acids has been determined wdth sufficient accuracy to conlirm 
the validity i)f this formula This w’as the work of Walker and Cormack.’ 
The liydrolysis of the alkali salts calculated from the dissociation constants 
wdiich they found for phenol and other weak acids agreed ^ ery closely 
with that experimentally found by the saponification method. This form.s 
perhaps the most convincing proof of the soundness of Arrhenius* views 
as opposed to such theories as the one mentioned earlier, in which the 
acidity was attributed to the formation of hydrates. 

In this way, therefbre, it would be possible to calculate the strengths 
of acids and bases whose electric conductivity is immeasurably small by 
determining the hydrolysis of their salts. 

This, of coui’se, rests on the assumption that no intramolecular 
rearrangement takes place when saiiK are forim?d, whicli is not always the 
case. In the case of various dye stuffs, for instance, where the salt forma- 
tion is accoinpjiniea by a change of epnstitution, wc should find that the 
relation between the strength of the acid and the hydrolysis of its salts 
did not hold. If the measurements are experimentally possible, such 
intramolecular rearrangements may be detected in this way. This is a 
method which has been applied by Hantzsch to prove differences of consti- 
tution between certain acids and the salts that they form. 

In several cases he found that although the acids were very weak 
indeed, find should therefore give strongly hydrolysed sodium salts, yet 
the sodium sfilts showed only a slight hydrolysis. In the case of 
d ini troe thane, for instance, he found that both the free dinit roethane and its 
sodium salt reacted neutral, and from this he concluded that the salt forma- 
tion was ficcompanied by a change of constitution from to 

/NO, , /NO, 

OH,, . forming the salt CII, . C/ 

^NOOII ^NOONa 

Fields of research like this offer inducements for the more accurate 
determination of hydrolysis on the one hand and of the affinity constants 
of very weak acids on the other. 


’ 77 , 5 ( 1900 ). 
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It has beoii long recognised that the study of hydrolysis affords the 
best means of estimating the strengths of very weak acids and bases. 
Since the atlinity constant of pure water is now known with considerable 
certainty, exact measurements can ])c made in this way, even when the 
free acids or bases are ditlicultly soluble in water. It would, for instance, 
bo possible to make exact determinations of the eflect of substituents on 
the strength of phenol and aniline. The intluence of constitution on the 
atlinity constants of these very weak electrolytes would form an interesting 
lieUl for ri'search. 

2'lie l^rhtice rroffrcss of the i'oal-tar Ituhiatrif !/i .Thi^/land and Gor-- 

lUiitui iltti'tiaj the j>asf Lijtcvii lii/ AltTHUR (J. CiKKKN, 

F.l.r., 

[Ordered by the (\mncil to l^o printed in rxtrniio.'] 

Thk coal-tar colour inaniifacturo has well been called the Hower of 
the chemical industries. Although in al)solute money value of its pro- 
ducts not erjualliiig some other branches of industrial chemistry, it repre- 
sents the highest development of applied chemical research and chemical 
engineering, and may well be taken as the pulse of the whole chemical 
trade. Indeed a country which allows the most scientific brancli of 
choniioal industry to languish cannot expect to maintain pre-eminence 
for long in any simpler branch of chemical manufacture ; since the skill 
trained for attacking the difficult problems of organic chemistry is certain 
sooner or later to be brought to bear on the simpler (luestions presented 
ill the manufacture of so-called ‘heavy* chemicals (acids, alkalies, bleach, 
salts, ttc.), and processes hitherto often left to the supervision of foremen 
will be taken in hand by educated chemists, with consequent improvement 
in methods of manufacture, better yields, purer products, and cheaper 
production. The importance of the coal-tar industry cannot tluirefore 
be estimated alone by the value of its products, for it exerts a wide- 
spread effect upon all other branch::;S of chemical manufacture, from 
many of which it draws its supplies of raw material. As a pregnant 
example of this influence, especially noticeable during the last decade, 
I may mention the revolution which is taking place in the manufacture 
of sulphuric acid, that most important product of the ‘ heavy * chemical 
trade. A strong demand had arisen in the colour industry for a large 
and cheap supply of sulpliuric anhydride, chiefly in connection with the 
manufacture of alizarine colours and of artificial indigo. With the object 
of satisfying their own requirements in this respect, th(j Iladische Aniline 
and Soda Works of Ludwigshafen devoted much time and research to the 
problem of improving the catalytic process usually known by the name 
of WirickJer, a nuKlitieation of which process had htjeii worked in this 
country by Squire Cliapman and Messel since liS7G. This endeavour was 
ni tended with such success that Iiy means of the process and plant which 
they finally evolv(‘fl they were enabled to produce sulphuric anhydride 
so cheaply that not only could it be used as such for a largo variety of 
X>urp(jses, l)ut by combination with water atlbrded a profitable source of 
sulphuric acid. This new inetliod of manufacturing sulphuric acid is, for 
crmcentrated acid at least, clieaper tliaii the chatniier process ; and since 
the product is absolutely fr(!e from arsenic, and can be produced at any 
desired concentrathiii, it si»ems' likely to sujiplant eventually the time- 
honoured method of iiianufacture. 
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Besides exerting this influence upon the inorganic chemical manufac- 
tures, the coal-tar industry has given birth during recent years to several 
important daughter industries. The manufacture of synthetic medicinal 
agents, artificial perfumes, sweetening materials, fintitoxines, nutritives, 
and photographic developers are all outgrowths of the coal-tar industry, 
and in great part still remain attached to the colour works where they 
originated. Of these subsidiary industries the most important is the 
manufacture of synthetic medicinal preparations, winch has already 
attained to large propoT’tions, and bids fair to revolutionise medical 
science. * The requirements of the coal-tar industry have further led to 
great advances in the design and production of chemical plant, such as 
filter-presses, autoclaves, fractionating columns, vacuum pumps and 
stills, suction filters, enamelled iron, aluminium, and stoneware vessels, etc., 
for the supply of which extensive works have become necessary. 

It is a frequently quoted remark of the late Lord Beaconsfield that 
tlio i-heinical trade of a country is a barometer of its 2)rosperity, and the 
chemical trade of tliis country has always been regarded as a most important 
branch of our manufactures. Even those who might be inclined to regard 
our declining position in the colour industry with more or less indifference 
would consider the loss of a material portion of our general chemical trade 
as nothing le.ss than a national calamity. As already pointed out, how- 
f*ver, the two arc indissolubly connected, the coal-tar industry being an 
essential and inseq^arable part of the chemical industry as a whole. It is 
with the object of ascei’taining our present and future prospects in the 
chemical trade of the world that I propose to compare the relative 
development of the colour industry in England and Germany during the 
past fifteen years. It was at the commencement of this period, that is 
to say in the year 1880, that Professor Meldola, in a paper i-ead before 
the Society of Arts, gave such a masterly account of the position of the 
industry of this country at that date, and sounded a warning note to our 
manufacturers and business men regarding its future progress. 

If an excuse is required for my venturing to refer again to a subject 
jpoii which so luiicli has been said aiiJl written already, it is supplied by 
the* fact that the warnings repeatedly given by those who saw the future 
clearly (notably by Professor Meldola and Professor Armstrong) have 
remained largely unheeded by our business men. The conclusions which 
arc. forced upon us arc unfortunately not of a reassuring nature for our 
national trade, l>ut it is well to reiiiemb?r that nothing is gained by 
burying our heads in the sand, and that the cure of a disease can only be 
etrccted after an accuratt^ diagnosis of its cause. 

The period which wc\ havti to consider hai been one of extraordinary 
activity and remarka\>h^ development in the v:oal-tar iiulustry, and before 
I pass to the economic aspect of the question I shall ask you to consider 


very superficially some of the main points in this advance. In no other 
industry than this have such extraordinarily rapid changes and gigantic 
dovelopinciits taken place in so short a period, developments in wiiieh tlie 
scientific elucidati(« of abstract problems has gone hand in liand with 
inventive capacity, manufacturing skill, and cinumcrcial enterprise. In 
no other industry lias the i loso and intimate interrelation of sciences and 
piactire been more clearly dcmonslrahnl. 

Horn in the colour industry had already attained to a consider- 
^ 5»tate of development by the year 1886. Tho period prior to this 
might Well be called the * ro’saniline period,' since it is chiefly marked by 
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the discovery and development of colouring niaitors of tlio rosiuiiline or 
iriphenylinethane group, such as iVIagenta, Aniline Blue, Jlofiiuinn 
V’^iolet, Methyl Violet, Acid Magenta, Acid Violets, Phosphine, \ ictoria 
Blues, Aurainiiie, Malachite (Bwn, and Acid (Ireims Individual 
members of other groups had already been <liseovered, but the latter had 
not yet attained to the importance wlpeh they were destined later to 
oecupy. This is especially tin' ejise with the class of colouring inattora 
containing the double nitrogen radical known as ‘azo* colours. Ihis 
group of compounds has, during the fifteen years which wt* have to con- 
sider, attaimsl to such enormous dimensions and importance that this 
interval may fairlv be termed th(‘ ‘ ;izo]>eriod. Tlie number of individual 
compounds belonging to this class, which Iiave eitlier heen pre[>ared or are 
at present pri‘]^arable, runs into many millitins ami far exceeds the 
iiitMubors of all other groups of colouring matters put together. Tn coin- 
mt*rcial importance also they oecupy a position at pre.sent far in advance 
of any other grou}), the employment of some' of them p.//., the ‘azo’ blacks) 
amounting to many thousands of tons annually. A great stimulus to tlie 
investigation of the azo compounds was given by tin* discovery by 
Bottigov in 1SS4 of the tirst colour possessing a direct atlinity for cotton 
(Congo Red), wliieli was foIl<»wed within a f(‘w years by a rapnlly 
increasing series of colours of all shades having similar <lyeing ]m>perties. 
The azo colours known prior to this time w(*re tdlher basic colours 
(Aniline Yellow, Chrysoidine, Bismarck Brown, iVc.) or acid wool colours 
(Xylidine Scarlet, Croceine Scarlet, A’c.). The great >implificatioii (jf 
cotton dyeing biought about by tin* intro<luction of tin* new group of azo 
colours ‘I’euzo* or M >iamine ’ colours as iJiey wen‘ ealhal led t<» a 
rapid iiiereaso of their number, and <'om)M»unds eoniaining two, three*, 
four, or iimie double-jiitrogeu groups, linking tog(*ther the n'sidues of 
various paradianiines (benzidine, tolidine, dianisidine, azoxytoluhline, 
paraphenyleriediamiiK*, Jiaplithylcuediamine, it'e.) to various naphthol-, 
amiilonaphtliol-, and naplithylaniiiie sulpliouic aeids ma<le their appear- 
ance in (juit;k succ(‘Ssion. Simultaneoii.sly therewith proceeded the dis- 
ci »very and investigation <jf the varw'tis isomeric derivatives of naphthalene 
rcijuired as raw products for the pn^paraiion of thes(^ colours, an investiga- 
tion which was largely akh'd by the classk-al resisirch on tlni isom(*risin 
of na[)litbalene <*onipoumls carried out in this country by Armstrong and 
Wynne. 

Anotlier metliod of applying azo colours to cotton, by wliicli much faster 
sbafies are obtained, wa.s ifitrocluced by Messrs. Jtead llolliday, of 
lludder.slield, in 1880, and consisted in [>roducing unsui])Iionated azo 
compounds on the tibre by direct combination. Owing to the technical 
difiiculties which Avere at lirst enccjuntered in applying this process it has 
only readied its full develoiinient during the last fi^w years and at other 
Jiaiids than those of its di.scoverers. The most important colour produced 
by this method is Paranitranilino Red, for wliicli over two hundred tons 
of chemically pure paranitranilino are manufactured annually. 

The seardi for direct cotton colours led the author in 1887 to the 
discovery of Primuline. This compound, having a 'direct affinity for 
cotton and containing at the same time a diazotist'ible aniido group, could 
be used for the synthesis of various .azo colours on the fibre which were 
remarkable for great fastness to washing. It has had a large employment 
for the production of fast reds, and the new principle of dyeing which it 
introduced has been considerably extended in other so-called ‘ dia 2 ?o ' 
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colours. Tlio closer investigation of the thiazol group, to which primuline 
belongs, further led to the discovery of many other cotton colours 
belonging to this family, amongst the most important of which are the 
brilliant greenish-yellow called ‘ Turnierino ’ or ‘ Clayton Yellow,* tlie 
light fast ‘ (.Uiloropheninc * or ‘Chloramine Yellow,* the pure greenish 
basic ytjllow ‘ Thiollavinc,* and the fast cotton pink ‘ Erica.* 

Passing over the stilbene azo dolours and the basic azo ammonium or 
‘ Janus * colours there remains a class of azo compounds to which I must 
shortly refer, namely, the mordant .azo colours, which with the growing 
d(*maiid for faster shades have recently come into much prominence. In 
those compounds the presence of an ortho hydroxyl or carboxyl group 
gives to the colour the j)roperty (following Liebermaim and v. Kosta- 
nocki’s rule) of combining with metallic mordants, especially chromium 
oxide, anrl producing therewith insoluble and fast lakes on the wool or 
cotton libre. 

now ( ome to the consideration of three analogously constituted 
groups of colouring matters, namely, the aziries, oxazines, and tliiazines. 
Tin* laborimis scientific investigations of Fischer and Hepp, Pernthsen, 
Kehnnann, and others on the constitution of these groups of compounds, 
the first imunbers of which (Methylc*ne Blue, Saflranine, and Meldola*s 
Blue; w(‘n^ discovered in a very early stage of the industry when little 
or nothing was known of their structure, comluned with the theoretical 
views on the quinoiioid structure of such colouring matters promulgated 
by Armstrong and adopted by Nietzki, led to the discovery of many 
valual)h* new members nf thesc» classes. Amongst the latter may be 
specially mentioned the Bosindulines, Indoiiu* Blue, Tnduline Scarlet, 
JlhoduliiK's, S:c. 

J’assing to the pyroye and .acridine groups in which much investiga- 
tion has also be<m <*onducted, the most notable advances have been the 
discovery of the ‘ IlhodatniiKS,* a class of pure basic reds, and of the basic 
yellows and oranges allied to Phosphine, namely Acridine Yellow, Benzo- 
flavine, and Acridine < )rang('. 

It is ill the alizarine group next^o the azo group that the greatest 
progress must be recorded. The demand for fast colours for calico 
printing and for dyeing chromo-inordanted wool to withstand severe 
‘ milling * operations has led to a long series of iiivestigalioiis and patents 
for producing new dmavatives of anthrai|uinone. These new products, 
known in commerce as ‘Alizarine Bordeaux.* ‘Alizarine Cyanines,’ 
‘ :\nthracone Blues,* ‘Alizarine V'iridine,* ‘Alizarine Saphirol,* itc., are 
polyoxy- or amidooxy-anthraquinones, for the preparation of which 
either alizarine or nitroanthrai[uinones are the usual starting points. 

Passing over some smaller groups, we now come to a very peculiar 
t^lass of dyestuffs containing sulphur, wliich, although disct>vered by 
C'l’oissant and Jiretfoniere in 1S73, remained confined to a single repn;- 

sentative — ‘Cachou de, Laval’ until Raymond Yidal in obtained a 

very fi^st black colouring matter, which dyed unmordanted cotton, by 
heating paraamiilophenol with sulphur and sodium sulphide. The 
possibility of replacing Aniline Black in cotton dyeing by a direct 
colouring matter, and possibly also of obtaining other shades which, though 
dyed in a single bath, would resist subsequent ‘ cross dyeing * of the 
wool in mixed fabrics, lent an immense impulse to the study of this class 
of colouring matters ; and although their molecular structure still remains 
wrapped in obsctirity, many new representlitives haVc folloVed eafcb 
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othor in rapid siicoossion, ranjjiiiig in sliudo from blacks of various hues to 
i)iH)wiis, olivt‘S, greens, and blues. As tlu* most important of these I 
may mention Vidal Black, Tmmedial Black, Katechine Black, Imrnedial 
Blues, Pyrogene Blues, Kalechino Brown, Katechine Green, etc. 

It may fairly be claimed, however, that the greatest triumph of the 
coal-tar industry for the past fifteen years has been the successful 
pi'oduction of artificial indigo on a large manufacturing scale. 

Heturning from the scientific to the economic aspect of the subject, 
I shall ask you now to consider what share we have obtained in the 
great t*xpansion of trade* n^sulting from all thest* new discoveries, many 
of which have original ('d in this c<»untry. The development of the 
industry in Germany is well illustrated by the following iigiires : — 

Ej'port^from Germmvf to tho World. 


Aniline Oil anti Salt 

Coal* tar Colours (excl. alizarine) 

Alizarine ( 'olDiir.s , 



1S05. 

i 1890. 

Tons. 

Tons. 

Ton.s. 

1,713 

7,135 



1,04(*» 

15,7 SO 

17,t:39 

1.2 s 1 

S,027 



Again, if we take values, we iiiul that total exports of coal-tar 
colours from Germany amounted in 1S04 to 2, (>00,000/., and in 1S08 to 
:»,.’»00,000/., an increase of nearly a million in four 3 ’ears. The latter 
figure is practically the same as that given bv Perkin as an estimate of 
the icorkVi^ total prodmtlon in 1885, showing how great the increase has 
been since this date. 

The value of (Germany’s entire production is somewhat difficult to 
arrive at. Witt, in his report on the German chemical exhibit at the 
Paris Exhibition, gives as the value of the total chemical industry of 
( Jermany for the \’ear 1S97 the enormbus sum of 4()i, million pounds 
sterling. Of this sum Lefevre estilbates that at least one tenth may be 
put down to colouring matters, and another tenth to raw, intermediate, 
and synthetic products from coal tar other than colours, and he thus 
assigns for the total annual value of the coal-tar industry of Germany the 
sum of nine to ten million pounds sterling. With the increase in the 
production of synthetic indigo, it may bo taken to-day to considerably 
(*xce( 3 d this figure. 

One may well wonder what becomes of this enormous quantity of 
coal-tar products. According to the United States consular reports the 
I)!, million pounds’ worth of coal-tar colours exported by Germany in 
1898 were consumed as follows 

Tho United States took 
Tlic Uiiiioi Kingdom look 
Austria and Hungarv „ 

Italy ‘ „ 

China „ 

s 

whilst tho rest of the world took the remainder. 

The great increase in production in Germany is further shown by the 
growth in the capital and number of workpeople employed. Thus 
according to a report of the Badisebe Wo’rks, recently issued^ the capital 


750,000/. worth. 
730.000/. „ 

:ir>o,Ofto/. „ 
225,000/. „ 

270,000/. „ 
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>f this company, which was increased in 1889 from 900,000^. to 1,050,000^., 
vill be further augmented this year by the issue of 750,000^, of 
lebentures. The number of workpeople employed by this company in 
1900 was 6,485, as against 4,800 in 1896, an increase of over 33 per cent, 
n four years. The firm of I^opold Cassella Co., of Mainkur, near 
lii'rankf urt, hav : increased the number of their workpeople from 545 in 
1890 to 1,800 in 1900. 

Passing now to England we find that the imports of coal-tar colours 
nto the couTatry are steadily rising, as is shown by the following figures 
aken from the Board of Trade returns : — 

Imports of Coal-tar Dye-stuffs into England during the last Fifteen Years 

/ r*.. J* \ 


isao 

(exchtdiny Indvjo), 
£609,750 : 1894 

£599,000 

710,000 

1887 

512,000 

1896 

1888 

669,000 

1896 

739, .300 

1889 

609,200 

1897 

695,400 

1890 

594,400 

1898 

739,000 

1891 

686,300 1 

1899 

708.800 

1892 

542,200 ; 

1900 

720,000 

1893 

604,000 ' 

1 



Contrasted with this the exports of coal-tar colours manufactured in 
England have fallen from 530,000/. in 1890 to 366,500/. in 1899. Comparing 
these figures with the rapidly increasing export trade of Germany, it is 
seen that whereas formerly the English export trade in artificial colours 
was about one quarter that* of Germany, it does not now amount to a 
tenth part. It is therefore only too apparent that we have had but little 
share in the great increase which this industry has experienced during 
the past fifteen years, and tiiat we have not even been able to supply the 
expansion in our own requirements. In order to ascertain what propor- 
tion of our own needs we at present furnish, I am able to lay before you 
the following interesting figures, which have been kindly supplied me by 
the Bradford Dyers^ Association and the "British Cotton and SV'ool Dyers' 
Association, who together form a very large proportion of the entire 
dyeing trade : — 

. ^ Colouring Matters used by Bra^ord Dyers' Association* 

English, 10 per cent. ; German, 80 per cent. ; Swiss, 6 per cent. ; 
French, 4 per cent. 

Colouring Matters used by Bntish Cotton and Wool Dyers' Association* 

Aniline Cdfovrs* — English, 22 per cent . ; foreign, 78 per cent. 

/ Alizarine Colours* — English, 1’65 per cent. ] foreign, 98*35 per cent. 

The English Seioing Cotton Compafiy have also very kindly supplied 
TOe with a detailed analysis of their consumption, from which it appears 
that out of a total of*!sixty tons of colouring matters and other dyeing 
inaterials derived from coal tar only 9 per cent, were of English manufac- 
ture. • * 

J Tho table of statistics, on the next page, of the six largest German 
rms gives a fair picture of the present dimensions of the industry in 
aat country. 

capital of these six firms amounts to at least 2^ millions. 
1901. *■ R 
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They employ together about 500 chemists, iloO engineers and other 
technologists, 1,360 business managers, clerks, travellers, ifec., ai^l oyer 
18,000 workpeople. Compared with such figures as these the £nglish 
colour manufacture assumes insignificant proportions. total capital 

invested in the coal-tar colour trade in England probably does not exc^d 
500,000/., the total number of chemists employed cannot be more than 
thirty or forty, and the number of workmen engaged in the manufacture 
does not amount to over a thousand. 


Posit{o 7 i of the Six Largest Colour TPWX'S in Germany in Year 1000. 


1 

' Badisciic 
Aniline 
Works 

i 

llriluing ; ■ 

. 

Capital . 

£1,050,000 

£833,000 

£882,000 

Number of 
Chemists 

! 14S 

120 

145 

Number of 
engineers, 
dyers, and 
u t 2> c r 
technol o - 
gists 

75 ■ 

36 

175 

Co m ni e r - 
cial staff 

305 

211 

500 

Work- 

people 

6,485 , 

3,555 

4,200 

Dividends 
in 1897 

24 per cent. 

26 per cent. 

IS per cent. 

DividcMids 
in 1898 

n »» 

»i If 

H It 

Divide n d s 
in 1K99 

n i» 

»i If 

>1 »» 

Divide ii <1 s 
in 1900 

If fi 

20 per cunt. 

1 

If » 


Berlin 

Aniline 

Co. 


55 

31 


150 

1,800 


atul Co. 


Private 

concern 


170 

1,800 


12 J percent. Xot known j 9 per cent, 


15 



Total 
of aix 
largest 
firms 


About 

£2,500,000 

About 

500 

Abouc 

350 


About 

1,360 

About 

18,260 


A similar relative proportion. Is maintained in the number of patents 
for new colouring matters and other coal-tar products taken by the English 
and German firms, as is shown by the following table : — 


Comparison of Kumber of Completed JEnglish Patents for CoaUtar Products 
taken during 1880-ltiOO b\j Six Largest ISnglish and Six Largest Gennan 
Firms. 


German Firma \ 

Badische Aniline Works . . | 

Meister, Lucius, & Briining . . 2;il • 

Farbfabrikcn Ha>'cr & Co. . . il06 I 

Berlin Aniline Co 11!) ■ 

L. Cassclla & Oo. . . , . 76 ' 

Farbwerk iVIuhlheim, Lconhardt 
&Co- ,38 : 

Total of six German firms . !)18 ; 


English Firms 

Brooke, Simpson, & Spiller . 7 

Clayton Aniline Co 21 

Levinstein I 

Head, Holliday, & Co. . . .2? 

Claus & ReO 

W. G. Thompson .... 2 


Total o£ six English firms . . Si 


Nor does the potential loss which we have sustained by our inability 
to take advantage of a growing industry represent the sum total of ou: 
losses. The new colouring matters, made almost exclusively in Germany 
have in many cases been introduced as substitutes for natural products 
which were staple articles of English commerce. Madder and cochinea 
have been replaced by alizarine and azo scarlets^ the employment of man; 
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dyewoods has greatly decreased, whilst at the present moment logwood 
and indigo are seriously threatened. Eegarding the indigo question so 
much has been written that I do not propose to occupy space in its fui-ther 
discussion, but will only point out that the complete capture of the indigo 
market by the synthetic product, which would mean a loss to our Indian 
dependencies of 3,000,000^. a year, is regarded by the Badische Company as 
so absolutely certain that, having already invested nearly a million pounds 
in the enterprise, they are at present issuing 750,000/. of new debenture 
capital to provide funds to extend their plant for this purpose ! In the 
last annual report of the company they say : ‘ As regards plant indigo, 
the directors are prepared and determined to meet this competition in all 
its pQssible variations in value. Much strange matter has been published 
in India as to improvements in the cultivation and preparation of natural 
indigo, but the illusions of the planters and indigo dealers are destined to 
be dispelled before facts^ which, although they are not known to them, 
will make themselves more felt the larger the production of artificial 
indigo becomes.* 

Besides the loss of material wealth which the neglect of the coal-tar 
trade has involved to the country, there is yet another aspect of the ques- 
tion which is even of more importance than the commercial one. There 
can be no question that the growth in Germany of a highly scientific 
industry of large and far-reaching proportions has had an enormous efiect 
in encouraging and stimulating scientific culture and scientific research in 
aJll branches of knowledge. It has reacted with beneficial effect upon the 
universities, and has tended to promote scientific thought throughout the 
land. By its demonstration of the practical importance of purely theo- 
retical conceptions it has had a far-reaching effect on the intellectual life of 
the nation. How much such a scientific revival is wanted in our country 
tlie social and economic-history of the past ten years abundantly testifies. 

The position with which wo are confronted is in truth a lamentable 
one, and the way out is not so easy to find. In 1886 it could perhaps 
still be maintained that we held the key to the situation if we chose to 
make use of it, inasmuch as the p^ncipal raw products of the colour 
manufacture (tar oils, naphthalene, anthracene, soda, ammonia, iron, «&c.) 
were in great measure imported from England. In a speech to the 
Academy of Sciences of IMunicli in 1878 Professor von Bueyer had said : 
‘ Germany, which in comparison with England and France possesses such 
great disadvantages in reference to natural resources, has succeeded by 
means of her intellectual activity in wresting from both countries a source 
of national wealth. Germany has no longer to pay any tribute to foreign 
nations, but is now receiving such tribute from them, and the primary 
source from which this wealth originates has its home, not in Germany, 
but in England. It is one of the most singular phenomena in the domain 
of industrial chemistry that the chief industrial nation and the most 
practical people in the world has been beaten in the endeavour to turn to 
profitable account the coal tar which it possesses. We must not, how- 
ever, rest upon our oars, for we may be sure that England, which at pre- 
sent looks on quidlly while we purchase her tar and convert it into colours, 
selling them to foreign nations at high prices, will unhesitatingly cut off 
the source of supply as soon as all technical difficulties have be5n sur- 
mounted by the exertions of German manufacturers.*^ Professor von 

' Quoted by Mr. Levinstein, Jour, Soo. Cliem, Ind„ 1886, p. 350. 

82 
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Baeyer could not believe that the English manufacturer and capitalist 
wouhl stand calmly by and see an important industry which had had its 
origin and early development in his own country taken from beneath his 
nose without an eftbrt to retixin it. Yet tho initial advantages which our 
natural resources atforded us have been neglected, and now in 1901 the 
conditions are completely changed. The adaptation of condensing plant to 
the Westphalian coke ovens has rendered Germany, though still a large 
buyer from England, no longer dependent on English tar and ammonia ; by 
tlie development of the ammonia-soda process she no longer requires English 
alkali ; whilst all other raw products of the colour industry can now be 
purchased in the commercial centres of Germany at least as cheaply as in 
England, and some even at lower prices. Through the shortsightedness, 
ignorance, and want of enterprise of those with whom the care of the 
colour industry in this country has rested tlxa opportunity has been 
allowed to pass for ever. The English capitalist has passed over as not 
sufficiently protitable for his consideration an industry whicli at present 
amounts to nine or ten million sterling annually, and from which his 
German confrere reaps a dividend of nearly 20 per cent. The English 
manufacturer has considered that a knowledge of the benzol market 
was of greater importance than a knowledge of the benzol theory, and 
after the early but brilliant days in the infancy of the industry 
when guided by such eminent w’orkers as Hofmann, Perkin, and 
Nicholson, commercial progress and scientitic investigation went 
hand in hand, but little encouragement has been given here to 
chemical investigators and discoverers. The control of the in- 
dustry unfortunately soon passed into the liands of men who had! no 
knowledge and absolutely no appreciation of the science upon which 
their busine.ss rested, and, concerned only with getting the ultimate 
amount of present profit, discouraged all scientific investigations as waste 
of time and money. The chemist who devoted himself to the elucidation 
of the chemical constitution of a colouring matter was regarded by them 
as an unpractical theorist of no value to a manfacturing business. Even 
when he discovered hew colouring K/atters of commercial value they were 
so blind to their own interests, and so incapable of believing that any 
practical good could come out of such theoretical work, that in many cases 
they refused to patent or in any way take advantage of the discoveries 
made by him. During recent years this attitude has certainly undergone 
considerable modification, and some attempt has been made to call in the 
aid of the science so long neglected. Certain firms indeed must be given 
the credit of endeavouring to pursue a more enlightened policy, but these 
attempts have been of a more or less sporadic nature and always directed 
too much in the expectation of realising immediate financial results. The 
difficulties which must be encountered in the attempt to regain the lost 
ground are of necessity very great, and are quite unappreciated by our 
business men. It seems in fact to have been the opinion of the public 
and the average financial man that this industry ought to bo easily won 
back by us by the establishment of a few technical scjiools, the engage- 
ment of a dozen chemists, and the investment of a few thousand pounds 
in new plant, forgetting that the supremacy of our German competitors 
has been gained by years of patient toil, by the work of hundreds of 
trained chemists, and by the outlay of millions of capital. Who can be 
surprised therefore if such expectations have not been realised, and if in 
spite of some notable successes the general position of the colour trade 
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in England at the present day, at a time when even the German trade is 
suffering from the general depression, looks worse than at any previous 
period ? During years of stagnation in this country the German manu- 
facturers have been realising large profits, which they have employed in 
consolidating their businesses, writing off the value of their buildings and 
plant, and accumulating enormous reserves (the reserve of the Badische 
Company is over a million pounds) : they have gathered round them 
perfectly working organisations, comprising enormous staffs of scientifically 
and prac.tically trained research chemists, factory chemists with highly 
specialised knowledge, chemical engineers, dyers, and others ; their 
travellers and agents are in every part of the globe ; by long manufactur- 
ing experience and unremitting endeavour to improve their processes and 
plant they have brought the yields and quality of their products to such 
a state of perfection that even when the manufacture of these products 
is no longer covered by patents they are able to produce them at a cost 
price which is impossible to anyone commencing their manufacture ; 
they have hedged themselves about with a perfect stockade of many 
hundreds of patents, have <accumulated in their laboratories thousands 
of intermediate products ready at any time to be subjected to any new 
treatment or combination which research or theory may suggest as 
likely to yield new results. By the complete range of colours which 
they are able to offer in each group of dyestuffs, whether basic colours, 
acid colours for wool, fast colours dyeing on metallic mordants, diazotis- 
able colours, or direct colours for cotton, and by the invaluable aid and 
assistance which they can give the dyer in his daily work, they are 
enabled to retain his custom even if it sometimes happens that a better 
and a cheaper article is offered him by the home producer. 

Where, then, are we to look for an improvement ? Some would find 
a remedy in the imposition of heavy protective tariffs ; but such tariffs in 
France have not availed to prevent a similar state of things there, and 
protection in colouring m<atters might have a very detrimental effect upon 
the textile industries of the country. % Others expect salvation from the 
extension of technical schools ; but laudable as is the aim of these institu- 
tions, I cannot see how they can effect much until their raw material is of 
a very different character from what it is at present, and until the public 
can be completely disabused of the fallacy that a year or two of technical 
training pumped into an ignorant schoolboy will produce a better works 
chemist than a university course of scientific study laid upon the founda- 
tion of a good general education. Mr. Levinstein again bases his hopes 
for the future upon a reform of the patent laws, and seeks to compel all 
patented processes to be worked in this country. Although I am inclined 
to believe that a portion of our present troubles have been brought about 
by a bad patent law, framed mainly from an engineering and not from a 
chemical point of view, which seems specially designed to foster foreign 
trade at our own expense, yet I cannot attribute to this cause a too 
preponderating influence, and am doubtful whether its removal now 
would materially improve the position. The remedy for the present state 
of affairs must of necessity be a slow one, and in my opinion can only be 
found in a better appreciation of the value of science throughoul the 
leng^ and breadth of the land. Until our Government and public men 
* brought to realise the importance of fostering the study of science 
and of encouraging all scientific industries, until our schools and universi- 
ties appreciate the importance of a scientific education, until the rewards 
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for public services in science are made e(|ual to those in other branches 
of the public service, so long will science continue to be held in insuf- 
ficient esteem in our country, and the best and most promising of our 
rising young men will be deterred from adopting chemistry as a profes- 
sion. It is not so much the education of our chemists which is at fault 
as the scientific education of the public as a whole. 


The Applicatioyh of ihe ThpnlihHiwi Law to the Separation of Crystals 

from Conijilcx Sohdlons and to the Formation of Oceanic Salt 
Deposits, By Dr. E. Frankland Akmstj<ong. 

[Ordered by the Council to be printed in cj'tensi).'} 

The celebrated deposits of Stassfurt consist, it is well known, of an 
immense tliickness of Rock salt, interspersed at fairly regular intervals 
with narrow bands of anhydrous Calcium sulphate capped with beds rich 
in Magnesium and Potassium salts. That such salt deposits are of marine 
origin is obvious ; but as their amount is much greater than could have 
been derived from the evaporation of the body of water present on the 
area over which they are distriljuted, even supposing its depth to have 
been that of the very deepest oceans yet known, a constant flowing in of 
water containing salts during the period of evaporation must be assumed 
to have taken place. As will be obvious later on, the presence of alternate 
bands of Anhydrite and Rock salt throughout the deposits affords further 
proof that such an inflow must regularly have taken place. 

Roughly, the deposits may be divided into the following four regions ; 

1. Anhydrite (CaSO j). 

2. Polyhalite (2CaS0.|.MgS0.|.K2S04.2H20),. about 60 metres thick. 

3. Kieserite (MgS04.H20), about 30 metres. 

4. Carnallite (MgCl2.KCl.6H2O), about 23 metres. 

The presence in these deposits of salts such as Anhydrite and Kieserite, 
which are not tho.se normally deposited from simple aqueous solutions, is 
in itself proof that the character of the .separation is affected by the con- 
ditions — i.e. the presence of other salts. The problem has been to deter- 
mine the exact conditions which would give rise to such deposits. But 
the consideration of the separation of the salts from sea-water is merely a 
special and somewhat complex case of the more general problem involved 
in the study of the separation of crystalline deposits from solution, 
whether in the ordinary solvents familiar to the chemist or in solvents 
such as are fused metal.s and silicates. 

The work hitherto done in this field has been conducted entirely by 
van’t Hoff and his pupils, and has already been carried so far that it is 
possible almost completely to interpret the geological phenomena afforded 
by the Stassfurt depo.sits.. 

The results fall under what is commonly termed the Phase rule of 
Willard Gibbs. No difficulty can arise in understanding them when 
graphic methods are used. 

It is before all things essential to bear in mind, in the first place, that 
a solution can only be spoken of as saturated with a given substance when 
the substance is present in the solid state in contact with the solution. 
Thus, for equilibrium to exist in the case of Sodium sulphate it is' necessary 
to have the salt in solution together with the undissolved substance. The 
phase rule is but an expression of the fact that, in the case of solutions in 
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volatile solvents, equilibrium — saturation — is attained at a particular 
pressure at a particular temperature, and vice veradf when n substances 
are present in n+1 states or phases separable as such, each such state 
being termed technically a phase. ^ It is necessary to make this distinc- 
tion in order to guard against the application of the term phase ’ to the 
radicles of salts. > The whole investigation may therefore be considered 
independently of the modem hypothesis of solution, solely on the basis of 
facts. 

The real difficulty that occurs in practice is to know what are the 
possible phases — in other words, to determine the nature of the double 
salts or distinct hydrates that may be formed. In the case of saturated 
solutions of non-volatile solids in a volatile solvent, as vapour of the 
solvent is always present, the solvent occurs in two phases, and therefore 
,the condition under which equilibrium — i.e, saturation — is determined is 
that n— -1 solids exist in contact with the liquid. As the presence of 
these solids determines the equilibrium, they may very properly be spoken 
of as et/uilibratorSf and this term may be used as the equivalent of the 
somewhat inexpressive German phrase ‘ Bodenkbrper,^ 

The cases to be considered are the following : — 

Case I. — Solutions saturated with a single salt 

In these two constituents (salt and water) are present in three phases — 
the gaseous phase, one liquid phase, and one solid phase — and as a rule 
only one solid equilibrator can act at a time ; but as not only the anhydrous 
substance, but also its various hydrates, may equally serve as equilibrators 
when hydrates are formed, two equilibrators— either the anhydrous sub- 
stance and its hydrate, or two of its hydrates if there be more than one 
possible — may act simultaneously at some particular pressure and tem- 
perature, usually called the transition 2)oint. Obviously this complication 
arises from a variation in the behaviour of the substance relatively to the 
solvent as the external conditions are moditied. As hydrates only differ 
in the number of solvent molecules they contain, they are to be regarded 
as but one substance, the molecules of ^le solvent attached to them being 
left out of account. In any case, the presence in the solid state as equi- 
librator of the particular compound or compounds with which the solution 
is to be saturated is always the essential factor. 

To give an example : in the case of Sodium sulphate, the monohydrate 
and decahydrate coexist in equilibrium with the solution at 32°*65 under 
the corresponding vapour pressure ; but it follows from the above that at 
any other temperature only one at a time of the hydrates can be in 
equilibrium with the solution, inasmuch as a single substance cannot, as 
a rule, give rise to a solution saturated with reference to two such equili- 
brators, the existence of two such compounds, except at the transition 
point, being only possible in presence of a second salt : this serving, in fact, 
to condition the change in hydration. 

Case II. — Solutions saturated with tivo salts which j^ssess similar basic 
or acid radicles^ e.g,^ NaCl, KOI. 

• 

\ It must, however, be noted that if there be either n or fewer phases present, 
equilibrium is possible under every set of conditions compatible with the existence 
of the phases considered. For example, in the case of an unsaturated solufion of 
Sodium chloride in presence of its vapour, no solid phase being present, the vapour 
pressure of the solution at each temperature is different at different concentrations : 
and therefore a solution and its vapour Inay be in equilibrium at any pressure within 
the possible limits at each particular temperature. 
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In theso three constituents are present in four phases, and two solid 
equilibrators are necessary, e,g.^ NaCl and KCl, But it must be carefully 
borne in mind that when a double salt can be formed there are two 
possible cases of equilibrium — viz., that in which the double salt and one of 
the single salts and that in which the double salt and the other single 
salt are in contact with the liquid. 

Similarly, when one of the ‘salts gives rise to two or more hydrates, 
there are several possible cases of equilibrium, though in this case also the 
presence of but two equilibrators at a time is possible, as a rule. More- 
over, two hydrates of the same substance may act simultaneously as 
equilibrators, even under conditions other than those obtaining at the 
transition points, as another substance is present. A case of this kind is 
afforded by the formation of solutions saturated with the two hydrates of 
Magnesium sulphate in presence of Magnesium chlonde. 

Case III. — Solutions saturated tuith two salts, whose basic and acidic 
radicles are different and which therefore can interest. 

Magnesium sulphate and Pot^issiuin chloride may be quoted in illus- 
tration of this case. In solution these interact in the manner expressed 
by the equation 

KaCla + MgSOj K,SO , + MgCl.,, 

one or other couple being stable, according to the conditions ; such pairs 
of salts are therefore conveniently spoken of as reciprocal salt pairs, 

A solution of two such salts may be supposed to consist of four sub- 
stances — the solvent and three of the four possible salts — in five phases 
and not of five substances in six phases as the rule would seem to require. 
The fourth salt being always obtainable from the other three, from the 
standpoint of the phase rule the four salts are derivable from only three 
substances : thus the stable pair at a certain temperature being, let us 
say, K2Cl2 + MgS04, these will exist together with either K2SO4 or MgC^, 
but not with both, as the two cannot be, together without interacting to 
form the stable pair. 

Although in the case of a reci;./rocal salt pair only three equilibrators 
are essential to secure saturation, and this is the maximum number that 
can act simultaneously, except at a transition point, the number of com- 
binations of three which are possible may be considerable. In the case of 
KCl and MgS04, which can give rise not only to K2SO4 and MgCl2, but 
also to various double salts and hydrates, experience indicates that (at 
temperatures about 25 ^) in all seven substances may be formed — viz., 
KCl, K.8O4, MgClo.GHaO, MgS04.71l20, MgS04.6H*,0, Schonite 
(K.2S0,.^^gS04.6H20) and Carnallite (MgCla.KCl.eHgO)." As each of 
these should serve as an equilibrator, and there are mathematically thirty- 
five ways of combining three out of seven substances, the problem at first 
seems very complicated. In practice, however, it is found that, for example, 
K2SO4 and MgS04 cannot exist together, but always form the double sajt 
8ch6nite ; and that in a similar manner MgC^ and KCl give rise to 
Carnallite, so that finally the number of possible sets of^ three equilibrators 
is reduced by experiment to five. In the case of a mixture of KNO3, 
KaNOg, KCl, and NaCl, as neither double salts nor hydrates are formed, 
the conditions are simplified, and only four sets of three equilibrators can 
be chosen. . In practice the determination of the number of forms stable 
under the conditions of experiment often gives rise to considerable diffi- 
culty ; and it must not be forgotten that the problem can only be solved 
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experimentally, the phase rule itself giving no assistance in this part of 
the inquiry : in fact, the only purpose it serves is to limit the number 
of the equilibrators. 

Cask IV. — All cases in which other salts are added to a reciprocal 
salt pair resolve themselves into the general case of x substances occur- 
ring in ai-fl phases, and therefore requiring a; — 1 equilibrators. The 
number of substances which can act as equilibrators may be very large, 
and of course can only be ascertained by experiment : when their 
number is determined the various ways of associating them, taken a— 1 
at a time, are readily deduced. Experiment is then again required to 
eliminate those which are incompatible. In special cases a simplifica- 
tion may be introduced by taking one or more salts as always present 
among the equilibrators. Thus, in the case of sea water, Sodium 
chloride and Calcium sulphate are always taken as two of the equilibrators. 


Expar imental Meth ods. 

The data required in drawing diagrams to represent the composition 
of saturated solutions and the order in which salts are deposited from 
them are arrived at by means of determinations of solubility. As a 
knowledge of the character of the substances which can exist separately 
is essential, a preliminary investigation must often be carried out to 
determine the conditions under which given double salts or hydrates are 
stable, or the synthesis of such compounds may have to be effected for 
the first time. A variety of methods arc made use of in this part of the 
inquiry, the determination of volume-change by means of the dilatometer, 
and of vapour-pressure by means of the tencimeter, being of special 
importance in establishing transition points. 

The precautions to iJe observed in determining solubilities are often 
insufficiently appreciated. The exact method followed in van*t Hoff’s 
laboratory may therefore be described. 

The determinations have hitherto been made at 25®, this temperature 
being both easy to reach in the lal)3k’atory and to maintain constant, 
whilst probably not .so very far removed from that which may have 
prevailed at the time the Stassfurt deposits were laid down. 

A large water-bath is used as thermo-regulator, its temperature being 
kept constant by means of a modified Ostwald Calcium chloride regulator, 
whilst for smaller baths a regulator on the same principle tilled with 
toluene is used. It is essential to use weighed quantities of everything, 
so that the approximate composition of the solution may be ascertain^ 
by calculation at any moment. 

The determinations are made in a large test tube, about 3 cm. 
broad and 30 cm. long, immersed as deeply as possible in the bath. 
The contents are kept in violent agitation by means of a screw- shaped 
glass stirrer passitig though a piece of glass tubing inserted in the 
tightly fitting stopper of the test tube : this stirrer is actuated by a small 
motor. If the tub# be selected so that the rod of the stirrer just fits it, 
and a little grease be inserted, no loss of water by evaporation is to be 
feared. 

The^ solubility determinations are carried out by stirring weighed 
quantities of the substances with a known quantity of water, an excess of 
solid being always used. When approximately saturated, the solution is 
oharacten^jin some way, by ascertaining its density. In determining 
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the solubility of mixtures, each of the equilibrators is then added 
and the liquid stirred during twenty-four hours, when the density is again 
determined. To ascertain whether the necessary equilibrators are all 
present some of the solid is microscopically examined ; and to leave no 
room for doubt a few c.c. of the solution are left in contact with a clear 
crystal of each equilibrator in a test tube at 25® during twenty -four hours 
to see if this remain unaltered. The solution having been analysed is 
then again stirred during a further period, more of each equilibrator being 
added, and the tests and aniil3?s('s are repeated ; if the results agree, the 
solution is regarded as saturated. For minor details, often of consider- 
able importance, the original publications must be consulted. The best 
test of saturation is to maintain the solution in contact with a sharply 
defined crystal of an eipiilibrator : should this remain unaltered, the 
solution is in equilibrium with it. It may seem that the precautions 
described are exaggerated, but experience shows that this is not the case, 
a curious lag in the formation of a compound being often met with which 
prevents the attainment of equilibrium — indeed, this is one of the chief 
diificulties in such inquiries. 

The Graphic Expression of the Results. 

Case I. — As a typical simple ease, a solution containing the chlorides 
of Sodium and Potassium may be taken ; these salts neither give rise to 
double salts, nor are they capable of existing in various hydrate forms. 
On evaporating at a constant temperature a solution containing, say, 
equal molecular quantities of the two chlorides, the solution will first 
become saturated with tllfe less soluble — viz., KCl — and this will separate 
as the solution becomes concentrated. Subseciuently the solution 
becomes saturated with Sodium chloride as well as with Potassium 
chloride ; from this point onwards, two solid equilibrators being present, 
further concentration will cause the separation of both salts in constant 
proportions and the solution will gradually evaporate without altering in 
composition. To construct the diagram, therefore, three determinations 
are necessary — viz., the composition of the solutions saturated with 
(a) Nad, (b) KCl, (c) both NaCl and KCl. 

It is convenient to express the solubility as the proportion which the 
number of molecules of dissolved salt bears to 1 000 molecules of water. 

If the solubilities of tlie pure substances are plotted on rectangular 
co-ordinates, that of the one as influenced by the otlier will be represented 
by a point inside the rectangle. In the following diagram the line AC 
represents the change in the amount of Sodium chloride in the saturated 
solution as the amount of Potassium chloride increases, whilst BC gives 
the change in the amount of Potassium chloride in the saturated solution 
as the amount of Sodium chloride increases. This diagram therefore 
expresses the composition of all possible solutions containing both Sodium 
and Potassium chlorides at 25® ; obviou.sly : 

(1) All solutions falling on the line acb are saturated witfi the one 
or the other salt, and with both at the point c, whilst (2) unsaturated 
solutions are represented by the region inside the figure oacb and 
(3) supersaturated solutions by the region outside acb. 

It is important to bear in mind that, as the diagram shows, on pro- 
ceeding from the origin o towards any point on )^he line AOB, the 
solution remains unsaturated until that line is reached. At points 
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between b and c Potassium chloride alone separates ; at points between 
A and o Sodium chloride alone. The point c is that at which alone the 
two salts mutually saturate the solution, and at which, on further evapo- 
ratio'n, they separate together in constant proportions. 

Case II. — Whereas in the above case the two salts were considered 
to be incapable of acting on each other, in general the formation of a 
double salt is possible. It is to be borne in mind, however, that the 
double salt is not to be regarded as a distinct substance, and an addi- 
tional equilibrator is therefore not required. As an example, KCl and 
MgCl 2 - 6 H.^O may bo taken, which give rise to Carnallite, a double salt of 
great importance in natural deposits. In such a case a stable system is 
formed when only the one or the other of the two simple salts coexists with 
the double salt, except at the transition point ; at all other points, when 
either is present in excess, it acts on the other, forming a fresh quantity 

Fig. 1. 



Molecules K d 

of double salt. The four determinations of solubility to be made in the 
case in question are (1) that of KCl, (2) that of MgCl.>. 6 H..O, (3) that of 
Carnallite and KCl, (4) that of Carnallite and MgCl^.G^H^O. 

On plotting the values as before, the diagram on page 268 is obtained 
(fig. 2). In this the line ab represents the manner in which the 
amount of Potassium chloride present in the saturated solution changes 
as the amount of Magnesium chloride is increased. At the point b the 
solution is saturated with Potassium chloride and Carnallite. In the 
region obc Potassium chloride is no longer present as such, but only as 
Carnallite, and the slope bc represents the gradual depletion of the solu- 
tions saturated with Carnallite as the amount of Magnesium chlbride 
jn solution increases. At the point c the solution is saturated with 
Carnallite and Magnesium chloricm, the line dc showing the decrease in 
the amount of Magnesium chloride in the saturated solution as the amount 
of Potassium chloride present increases. Only Magnesium chloride and 
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Carnallite are present in the region one. The difference between the 
regions OBC and one consists in the fact that in the former Carnallite, 
and in the latter Magnesium chloride, predominates, one or other of these 
salts, as the case may be, separating when the solution is concentrated. In 
both cases the composition of the solution tends towards that represented 
by the point c. When this point is reached Magnesium chloride and 
Carnallite are deposited together in constant proportions, the solution 
evaporating to dryness without further change of composition. It will 
hence be obvious that the point c is one of critical importance, as defining 
the conditions under which the final crystallisation takes place. It is 
termed by German workers the ‘ Krystal liHations Endjmnkt * — the ter- 
minus of crystallisation. The determination of such points is the object 
in view in discussing a problem such as that afforded by the Stassfuiii 
deposits. 

It is, however, necessary to make one more .stipulation in order to 
render the previous statements universally true — viz., that the regular 
■sequence of crystallisation may not be followed unless the product which 
ijeparates is periodically removed from contact with the solution. If this 
be not done, secondary action may take place, and the product at first 
formed may be eaten up again by the solution. For example, if after 
reaching the point B the deposited Potassium chloride be not removed, 
Dll further concentration, as two equilibrators are present, the solution will 
evaporate without changing its composition ; but as a large excess of 
Magnesium chloride is present, and this gradually comes into operation 
!is water is removed, Potassium chloride will be continually re-dissolved 
(42*5 mols. ^99 inols. Carnallite deposited). As soon as all 

solid Potassium chloride is removed, the deposition of Carnallite causes 
the composition of the solution to change until the ‘end-point* c is 
reached. In interpreting Such diagrams, tJierefore, it is to be assumed 
ihat the products deposited are removed from solution at the proper 
nonient. It may be supposed tliat this often takes place in nature through 
he deposition of a protecting layer of mud. 

Case III. — Rccliwocal salt imlrs, A a an example may be taken the 
•eciprocal salt pair which is of greatest importance in the investigation of 
;ea water — Le,, that represented by the equation 

MgCl^-fK^SO^ K2Cl2 + MgS 04 . 

fhese salts give rise to two double salts, and at least two hydrates of 
dgSO.* have to be considered ; therefore it is necessaiy to determine the 
:omposition of the saturated solutions of the stable combinations of seven 
ubstances, taken 

(а) Singly, 

(б) In pairs, 

(c) Three at a time. 

^ The table on page 270 shows the composition of the various solu- 
ions fulfilling the conditions of equilibrium. 

Considering the ^able in detail, in the case of solutions saturated 
it is onljinecessary to point out that the Potassium 
mloride is expressed in double molecules, as a system of equivalent nota- 
tion must be used. The meaning of the figures appended to the solutions* 
^turated with two salts is in most cases at once apparent, but tlie solution 
requires a few words of explanation, as the equilibrators in this case 
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are not the only necessary constituents. The simultaneous existence ot 
the two hydrates of Magnesium sulphate, as already pointed out, is only 
possible when the solution contains, in addition, a certain proportion of 
Magnesium chloride — viz,, 73 molecules, the determination of which is the 
outcome of tentative trials. 




Molecules 


Total 
no. of 1 

At 25^ 1000 molecules HoO dissolve 

K.CL 

K..SO, 

'MgS04 

MgCb 

mols. 

1. Solutions saturated with a single salt : 






A. KCl 

44 

— 

— 

— 

44 

B. K,SO, 

— 

12 

— 

— 

12 

C. MkSO,.7H,0 

— 

— 

58 

— 

. 58 

1). MgC1...0H..O 

— 

— 

— 

108 

108 

2. Solutions saturated with two salts : 






E. KCl. 

F. KoSO^, KMg(SO,%.6}LO . 

42 

n 

— 

— 

43J 

— 

Hi 

22 

— 

88 

G. K.Mg(S0,>..GH,O. MgiSO,.7H.p . 

— 

14 

3H 

— 

62 

H. MgSO,.7H;0, MgSO^.GHoO . 

.T. MgSO,.(5II..O, iMgClo.GH..6 . 

— 

— 

15 

7.^ 

88 

— 

— 

14 

104 

118 

K. MgC1...6H,b, MgKCb.Gri..O . 

1 

1 — 

— 

105 

lOG 

L. MgRCb-GUjO. KCl ... . 

6-J- 

— 

— 

72-J 

78 

H. Solutions saturated with three salts ; 


1 



M. KCl, K,SO„ K-MgCSOJ^ Gli./) . 

! 25 

! — I 


21 

67 

N. KCl, K.Mg(Sd^)...GlbO, MgSO^.7H..0 . I 

; 9 

i — ; 

16 

55 

80 

P. KCl, MgSO*. 711^6, MgSO, .611.0 . ‘ . i 

i « 

— ! 

16 

()2 

85 

Q. KCl, MgSO,.GHoO, MgKCl,.6H.>0 . | 

R. MgSO^.GlIsO, MgKCb.GH.b. 

1 

1 i 

— j 

m 

70 

88 

I MgCls-GHaO . . ' . 

L 

j 

12 

L,_ 

90 

11.8 


Turning to solutions saturated in presence of three equilibrators, a 
difficulty arises in expressing the composition of the solution, as chemical 
analysis only gives a measure of the amount of the various radicles pre- 
sent, and affords no information whatever as to the nature of the salts 
present and their relative amounts — i.e., apart from hypothesis nothing is 
known as to the state in which salts exist in solution. As in practice the 
solution is saturated in presenc(3 of three known salts, its constitution is 
most rationally represented by expressing the analytical results as much as 
possible in terms of these. However, bearing in mind the equation for a 
reciprocal salt pair, and the fact that the constitution of a solution is 
expressed in molecular proportions, a little consideration shows that it is 
of minor importance how the composition of the solution is expressed, 
the important fact being that, when saturated in presence of three known 
substances, it has a definite chemical composition. The table printed 
above shows the composition of the sixteen saturated solutions which 
can be made by using one or more of the equilibrators derivable from the 
reciprocal salt pair. Geometrically, there are many possible ways of 
graphically representing such a set of results — that chosen by van*t Hoff 
practically involves plotting the four salts on axes at right angles to each 
other in such a manner that reciprocal salts are measurea in opposite direc- 
ticfhs on the same axis. In such a diagram (fig. 3) the solutions saturated 
•with a single salt are represented by points on the axes, all other saturated 
solutions giving points between the axes. Thus, the points A, B, C, and 
D fall on the four axes, whilst a point e representing the solution saturated 
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in presence of KCl and K2SO4 is plotted 42 units along the K2CI2 
axis (to the right) and 1*5 unit along the K.^S04 axis (downwaiis). 

Turning to the point m (1000H!aO + 25K3Cla4*llMgS04 + 21MgCL^), 
and similar points representing solutions saturated in presence of three 
equilibrators, and bearing in mind the fact that the composition of the 

Fig. 3. 



solution cannot be expressed in terms of less than three salts, it is obvious 
that a correct geometric representation can only be obtained by the use of 
three co-ordinates. The method chosen has been to plot the reciprocal salt 
pairs on axes at right angles in a plane, and the total number of molecules 
in solution on a third axis vertically upwards from this plane. The sur- 
faces passing through points in space thus obtained represent areas within 
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'which the solutions are saturated with a given substance. By joining the 
points in the horizontal plane, areas are obtained which represent in 
plan the surfaces in space just referred to. 

To plot the horizontal plan some thought is necessary, as there are 
three salts to be represented on two axes and therefore one of the salts 
must be eliminated. In the case under consideration, in which Magnesium 
chloride and Potassium sulphate arc tlie reciprocal salts on the one axis, to 
plot Magnesium chloride, Potassium sulphate must be eliminated. This 
is already done in tlie case in t|uestion in calculating out the results given in 
the table on p. 270 ; therefore it suffices to measure off twenty-one^lgCLj 
units upwards from the origin. As Potassium chloride and Magnesium 
sulphate are the reciprocal salts represented on the second axis, to plot 
Potassium chloride, ]\Iagnesium sulphate must be eliminated, or vice versd. 
To do this, it is only necessary to bear in mind that 

25K..C1, 4- 1 IMgSO, + 21 MgCl, 

=25K,+(ri4-21)Mg + llSO,+(25-h21)Cl,, 

which, assuming the SO 4 to be present wholly as K^SOj, in order to elimi- 
nate MgSOi, gives 

1 1 K,S04 + 1 4K,Cl,-f 32MgCL. 

Therefore fourteen units of Potassium chloride arc measured off on the 
K.,Cl 2 axis from the origin. In practice the straightforward geometric 
method needs only to be followed, and the number of molecules of the 
one salt, less the number of molecules of its reciprocal, may be measured 
off on the one axis, tlie value deduced from the corresponding pair being 
measured off on the other. The five points m, n, p, q, and R, when so 
plotted, fall inside the framework, and to complete the diagram are joined 
to one another, or to the appropriate points on the framework — t.c., to those 
representing solutions saturated in presence of two of the three equilibra- 
tors present at the particular point inside the diagram. Thus the point 
M, representing a solution saturated in presence of KCl, K.^S 04 , and 
SSchonite, is joined to tlie points if, representing a solution saturated in 
presence of KCl and KySO.,, and f, representing a solution saturated in 
presence of K 2 SO 4 and Schunite, but not to either G or L, as these represent 
solutions saturated in presence of only one of the three equilibrators. The 
lines divide the diagram into areas or fields, each field representing a 
solution saturated with but one salt in presence of varying quantities of 
other salts. 

To complete the graphic representation, ordinates are erected at each 
point of equilibrium representing the total number of molecules in solu- 
tion. The surfaces touching the extremities of these ordinates represent 
the various saturated fields. 

To complete the model it is necessary to join the origin, 0 , by triangular 
surfaces to each of the marginal points, a— l ; the hollow surface so 
formed is the true base of the model. Fig. 4 is reproduced from a photo- 
grsphof a rough cardboard model so constructed. The model is supported 
in its true position on the plane diagram by cardboard sheets which 
represent the vertical co-ordinates at all points on the outer edges of the 
diagram. 

In interpreting the model it is to be noted that points within the 
solid represent the compositions of all possible solutions. Points within 
the fields on the upper surfaces represent solutions saturated with onOi 
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Whilst points lying on edges other than those at the margin represent 
solutions saturated with two, and the angular points solutions saturated 
with three equilibrators. On account, however, of the number of marginal 
points to each field — in no case fewer than four — the upper surfaces 

Fio. 4. 



. Model of Solutions derived from tlio Uecipiocal Suit ruir K^sO,. 


cannot bo represented by single planes, and the information at i^reseiit 
available is not sufficient to determine their character ; they are therefore 
not introduced into the model. * 


1 f the model, the lengths of the edges terminating at o arecalcu 

wed from the co-ordinates of the mcarginal angular points — each length being 
th* J*'^*'^^** where ?/, and z are the co-ordinates of the points considered — whilst 
tria other edges are best found by graphical construction. The 

a h f * forming the hollow base arc then drawn and cut out in one piece from 
strin f cardboard which is then bent round and fastened in position by a 

paper gummed along the edge. The edges of the upper surfaces are 
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In working backwards it must bo borne in mijid that a diagram such 
ns fig. 3 is not alono sufticieiit to give complete information about a 
reciprocal salt pair, Cbily two of the throe values requireil can be tlcducod 
from it ; to obtain tlie tliird, either the model must be used, or a table 
sliowing the composiHon of the various saturated solutions, such as that 
on j^age 270, must be r(»ferred to. 

Tims, assuming the composition of a solution to be that r(q)resont(?d at 
M in diagram, tig. 3, it is obvious that the ‘ plane ’ co-ordinate values are 
2 1 MgCL, -f 1 IK ..Clo. On ref(u*ence to the model f)r table it is seen, however, 
that solution M contains, wlum saturated, 57 molecules of dissolved 
salt ; therefore the number of other moletmles present is 57 — (21 -f 1I)=22. 
But it is to be remembered that these corisist of two reciprocal s/ilts, and 
that in constructing the diagram one member of the pair was e(|uated 
against the other, so that only half tlie 22 molecules in solution are to l)e 
regarded as present as sulphate — in this case ]VTgSO.| — and the remaining 
11 molecules are considered to be molecules of K Cl._„ and are added to 
the number of moh*cules read off from the diagram. The constitution of 
the solution at M is therefore : 

2 1 :MgCl, + ( 1 1 + 1 1 )K ,C1 + 1 1 MgSO 

Before passing to the consideration of the diagram thus constructed, it 
is necessary to realise that the points of equilibrium situated on the 
margin are not all of the same order of stability. In cast^ in wliich 
double salts are formed, the deposition of the double salt nec(*ssarily 
follows, but never attends, that of the less soluble constituent. That this 
should be the case is obvious when it is borne in mind that, as water is 
removed, the more soluble constituent — the action of which is more or less 
impeded by the water — is able to combine with the less soluble to form a 
further quantity of double salt. The same argument applies to hydrates : 
as water is removed from the solution the other salts present gradually 
assert a dehydrating effect. 

The points f, ii, l on the diagram are cases of this kind, and therefore 
they are united by dotted instead of by full lines to the appropriate j)oiiits 
within tlie diagram. In indicating the direction in which crystallisation 
proceeds arrows are therefore drawn through, hiid not towards, these points. 

To illustrate the way in which the diagram is read several cases may 
be taken. 

At B the .solution contains only Potassium sulphate. At a point on 
li K a little to the right of ii there is a small amount of chloride present ; on 
evaporating such a solution cliange proceeds along the line n k, Potassium 
sulphate alont* separating until the point E is reached, when Potassium 
chloride will also h<^ dej^osited. TJie solution will then dry up without 
changing its composition. 

Similarly, starting from a point x a little to the right of n, but a little 
above n E and within the Potassium suljliate held, the track followed will 
]>e aloijg a line B x produced, until k m is reached, which then becomes 
tlie track. 

It may not be superfluous to add that the track followed from any 
poirft X within the diagram is always along a line drawn through x from 
the point at which the field is saturated with its characteristic salt. 

represented by narrow strips of car.iboarfl of the rcfjuired length ; and the vertical 
ordinates of the angular points M to it arc represented by stiips of cardboard fixed 
to the base of the model 
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On the otlier hand — and the case is somewhat more complicated — at a 
point on n F, <a little to the left of D, the solution contains a small amount 
of Magnesium sulphate, the reciprocal of the Potassium chloride con- 
sidered in the previrius case. On evaporating such a solution, change 
proceeds along the line n p, K,j 80 .j separating as l>efore until the point F 
is reachctl. The character of the subse({uent change will be determined 
by the presence or absence of Potassium sulphate : if it be removed, 
crystallisation proceeds along v a ; but if it be left in contact with the 
snlution Schbnitc is continually deposited, the composition of the liquid 
rtnnaining unchanged until the*, wlnde of the Potassium sulphate originally 
deposited is rt‘dissolved by the excess of the Magnesiuru sulphate in the 
solution. Only then will crystallisation proceed along f o, and when c; is 
leachcd the liquid will dry up without further change in composition. 

Stai ting within the <liagrani, again in the K28O4 Held — say from a 
point Y, a little to the left of n and a little above B f — the track followed 
will be along the line n y produced until P M is reached at a point If 
the Potassium sulphate be then removed, the Schbnite field is entered. 
To determine the course followed across this, it is to be noted that tlie 
point at which Schbnite alone is present in a saturated solution must be 
taken as the origin. To deduce this we have to bear in mind that the 
line (iF represents the manner in which the solubility of Schbnite varies 
as the proportions of Magnesium and Potassium sulphates vary ; there- 
fore the theoretical solubility of Schbnite alone — i.e., when there is no 
excess of either of the single salts present — is at a point f' on o f produced 
ecpiidistant from the two axes on which the separate salts are plotted — 
on the limj bisecting tlie angle B o c. 

The track followed across the Schbnite field will therefore be in the 
direction f'/ m produced. When m x is reached Potassium chloride will 
separate. It will be obvious that to reach the MgS0.i.7H20 field it would 
be necessary to- have but little chloride present. 

Beyond N Schbnite gives way to Afagnesium sulphate heptahydrate, 
which is deposited together with Potassium chloride until F is reached. 
Prom F, after removal of the heptahydrafe change would proceed through 
U to u. It is obvious that it would not occur along p ii, as continued 
concentration would involve the conversion of the heptahydrate into 
liexahydrate, aiul would therefore, merely condition a lag in the crystal- 
lisation, supposing the heptahydrate were not removed. In like manner 
change would not proceed along Q L, as concentration would involve a 
gradual conversion of unreinoved Potassium chloride into Cariiallite. At 
u the solution would dry up unchanged in composition. 

As a ]woof of tin*, correctness of this method of interpreting the 
diagrtam, the results may be (quoted which were obtained by van’t Hoff on 
concentrating a solution of equal molecular quantities of Potassium 
sulphate and Magnesium chloride, i.e., 174*3 gm. IV2SO4 -f * 2 * 23*4 gm AigClg 
6H2O. The use of such a solution is equivalent to starting in the plane 
diagram from the origin, as the geometric convention followed involves one 
of the salts being represented as a negative quantity of its reciprocal, 
'^i^igin lit»s \fithin the K field, the diagram shows that K.>804 
first salt to separate, and that concentration will proceed along 
he Magnesium chloride axis until the Schbnite boundary is reached ;*the 
separation of Schbnite will then set in. Provided the Potassium sulphate 
e not removed, the course of change will now be along p M to M ; when 
IS IS reached the deposition of Potassium chloride begins. 

T 2 
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Ill the actual experiment the solution was slowly evaporated at 2/3^. 
The deposit was frequently examined with the microscope. At first only 
Potassium sulphate crystallised out, but subsequently this w.as mixed with 
Schonite. As soon as the separation of Potassium chloride was observed 
to take place the deposited salts were removed and analysed. The 
amounts found were : — 

25 gins. K.2SO4 
120 gins. K.2Mg(SOj2 GHoO. 

The amount of the two salts that should be deposited from such a solu- 
tion may be calculated as follows : — 

At the origin the solution lias the composition 

K.SOj + MgCla-falloO, 

from 'which is deposited 

whilst ic parts of solution of the composition represented at >1 remain — i.c., 
n-(1000HoO 4- 25K2CL> + 21MgC1.2 + 1 IMgSO^). 

Thus 

K..SO4 + MgCl2+aPI.A:)=.rlCSO, + ^K.,Mg(SC)4). .6TL,( ) 

+ ?r( IGOOHoO + 2:)K.,Cl2 + 2i:\rgCl> -f I IMgSO,). 


Collecting and equating the coefiicieiits of the vai’ious radicles, the 
values of Xj y, and tv are determined. 

Thus 


CI 2 l=(25-f 21)t^ 

Mgl=2/ + (21 + ll)?e; 
1 32 

*-46“" 
K2 l=a;-f y-4-25?f; 

“ 25 




I 

4G‘ 




1 — ^ — =a; X’ 

23 46 • • 


"46’ 


The K2SO4 deposited is thus /, of the molecule, i.e,, = J., x 174*3 

46 46 

t=2G*5 gins. ; whilst the Schonite is of the molecule, i,e., 422*8 

= 122-6 gms., which values agree closely with those found by experiment. 

In following the course of change with the aid of the model, it is 
noticeable that although, as a rule, concentration proceeds along an 
upward slope, this is not invariably the case. Thus, whereas on passing 
from B to F, and from f to (;, the slope is upwards, from c to o the slope 
is downwards ; a slight confusion is thereby introduced. It is to bo 
expected that as concentration proceeds the proportion of molecules of 
dissolved .s.alt to water molecules should steadily ii^creaso ; and as the 
vertical ordinates represent the number of dissolved molecules, it would 
seem that the number of molecules in the saturated solution of Magnesium 
sulphate is greater than in the solution saturated with Magnesium 
sulphate and Schonite. If, however, it be assumed that at c a larger pro- 
portion of the Magnesium sulphate molecules arc present in the form 
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of complexes (MgSO,,),., than is the case at a where the solution is 
saturated with both Magnesium sulphate and Schonitc, the discrepancy 
disappears ; and, if the necessary correction could be made and the 
vertical ordinate at c lowered accordingly, the model would afford a more 
uniform indication of the direction of change. 

Obviously the conditions in solution are complex, especially when several 
salts are present ; and the only phase in which the alteration is of the 
same character throughout is that which has hitherto been left unnoticed — 
viz., the vapour phase. As concentration proceeds, and the dissolved salt 
more and more asserts a mastery over the water molecules, the vapour 
pressure necessarily diminishes — saturation with each salt corresponding 
to a particular vapour pressure. From this point of view as the vapour 
pressure at Ji (22*2 mm.) .and that at c (20*9 mm.) exceeds that at 
tJ (20*4 mm.), there is clear evidence that the proportion of dissolved 
molecules at <i exceeds that at c, and that the sep.aration takes place 
towards from both « .and c. A model may be constructed wdiich 
affords a clear representation of the order in which the separations occur 
if the differences between tlie vapour pressures of the various saturated 
solutions in presence of their ec|uilibrators and the vapour pressure of 
water (23*52 mm.) be taken as vertical ordinates. The model thus con- 
structed brings into prominence the fact that the separation of salts from 
solution always occurs along slopes tending in one direction, and m.ay bo 
regarded as a corrected form of the model previously considered. 

The character of this correction is shown in fig. 4 by a thick lino 
drawn round the model .at the required height. The highest point in the 
corrected model is of course the end-point R, and the new vertical scale 
has therefore been fixed by^ taking the ordinate of R to represent the 
maximum vapour pressure difference. The following table gives the 
necessary data : — 


Solutioji saturiitcd with 
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do ' ^ reciprocal salt pair -f- Sodium chloride. It •is 
of^^tlT ^ take this case into account as bearing on the problem 
chlo ^*’y®ta)lisation of salts from sea water. In sea water Sodium 
salt/^ ^ present in large excess in comparison wdth the other 
> and therefore js always in solutipp with the other salts at every 
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in the process of concentration so long as its presenco is coinpatiblo 
with that of the other salts ; moreover, it continually separates, and in 
the natural deposits always accompanies the other salts. 

Ill representing the behaviour of solutions containing, in addition to 
Sodium chloride, Alagnesium sulphate and Potassium chloride — the salts 
present in the case previously considered — to construct a diagram, as the 



composition of such a solution cannot be expressed in terms of fewer than 
four salts, a fourth dimension would ne(?d to be introduced were it not 
that, as Sodium chloride is always present, it may be represented in the 
form of a sheet of varying thickness spread over tho upper surface of the 
model representing the composition of the various solutions in terms of 
the other salts present ; to construct this sheet the number of molecules 
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of are measured off al)ovc this surface on the axis drawn from the 

origin Jit right angles to the plane of the paper. The shaded area in 
fig, 5 giv(»s a picture of the thickness of the salt sheet above the various 
fields in relation to the number of molecules of other salts present in th<^ 
solutions. 

The data reciuir’ed for tlie construction of a diagram and model repre- 
senting the behaviour of the solutions und(?r consideration are obtained 
by determining tiie composition of solutions saturated (rr) with Sodium 
chloride and one othei* ^alt ; (/>) with Sodium chloride and two other 
salts ; and (c) with Sodium chloride and three other salts. To ensure 
uniformity, as the. results only express the constituti<>n of the solutions in 
terms of the salt radicles, the convention followed consists in expressing 
the whole of the Sodium as chloride, and if there be not sufficient 
Chlorine for this purpose the excess is reckoned as sulphate ; the K„ 
Mg, C1.2, SOj are expressed as K.jCl.^, MgCU, and MgSO,. The experi- 
mental datii which have been accumulated are given in the following table, 
which includes ihe vapour pressures of the various saturated .solutions. 
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In constructing a diagram (fig. 5) and model from these data, as 
there is no axis on which Sodium sulphate can be directly represented, 
to express the amount of this salt present in tlie solutions 0, F, G, H, R, 
a line of argument is adopted similar to that made use of in equating 
Magnesium sul^iate with Potassium chloi’ide, in the case of the 
reciprocal salt pair previously considered. It is obvious that we mry 
write 

Na,SO j=MgSO i +Na.,Cl,-MgCl., : 

words, Sodium sulphate can bo expressed in terms of three other 
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Thus, .supposing a solution C to contain 12), inolocules of Sodium 
sulphate, to express its composition, a point in space is plotted by 
measuring off from the origin 12?i unit.s along the Magne.sium sulphate 
axis and — l-l? units along the Magnesium chloride axis ; t.c., downward 
and therefore along the Potassium sulphate axis. The point c on the 
diagram is thus obtained. The corresponding jioint on the model 
is deduced by me.nsuring off 12}, on the Sodium chloride axis vertically 
upwards and adding 51 on ac»'ant of the 51 molecules of Sodium 
chloride supposed to bo present in the solution as such. 

It will he noticed that Magnesium and Pota.ssium sulphates do not 
appear in the table as single .salts which can })o used as equilibrators in 
presence of exce.ss of Sodium chloride, the reason being that new re- 
ciprocal salt pairs are constituted by the presenc(} of the Sodium chloride, 
and interactions take place which destroy these sulphates ; n.r/., 

MgSO i Xa.,Cl.,=Xa,SO, + MgClg. 

TIio rcTiiarkablo character of the changes brought about by the 
presence of Sodium chloride will at once be obvious on contrasting figs. 3 
and 5. The double salts formed by Magnesium and l*otassium sulphates 
with Sodium sulphate occupy the lower portions of the diagram, 
Pcjtassium sulphate di.sappeariTig altogether, and the area of the Mag- 
nesium sulphate field being much restricted. Moreover the greater pull 
on the water molecules exerted by the soluble Sodium chloride molecules 
brings about tlie partial dehydration of several of the compounds 
appeanng in diagram 3 : causing, for example, the displacement of the 
greater part of the Schonite field by Leonite, MgKy(SO,). 2 . 4 H.^O, and of 
the MgSO , . GH^O field by Kieseritc, Iii addition, a new double salt, 
Kainite, MgSO 4 .KCl. 3 H 2 O, appears, 
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The order in which separation occurs is at once given by reference to 
a vapour' pressure diagram constructed, by inserting the ‘ vapour- 
pressure difference ' at each of (he various transition points. 

Tim Evaporation of Sea Water, 

On concentrating sea water— disregarding Calcium sulphate on account 
of the small quantity present the first salt to crystallise out is Sodium 
chloride. When deposition of this salt sets in, the solution has the com- 
position : 

1,00011,0 ITNiaCl. l O^K^Cl, T SCMgCla 3-57MgSOt. 

Following the rules jircviously given, it is obvious that the position in 
space of the point »/, which represents a solution of this composition, will 
be 3*07 — 1*03 = 2*54 units rui the ox axis to the left of the origin, 7*3fi 
units above th(^ origin on the OY axis, and 1 *03 H- 7 *36 + .3 *57 = 11 *96 
units above the plrne. 

As long as only Sodium chloride is deposited, the relative proportions 
of the Potassium and JMagnesium .salts remain unchanged, and only the 
amount of these salts present relatively to the water increases. Such a 
change is exj)resscd in a model constructed in the manner previou.sly 
dc.scribcd by motion along a line joining the origin to a, away from o. To 
ascertain what salt will separate next, the point at which this line ulti- 
mately cuts the upper surface of the model must bo determined. When 
this i.s estabbshed with the aid of the model, it is found to lie in the 
Magnesium sulphate (MgS< ){.7]1..0) field. Hence it follows that further 
concentration ultimately cau.ses the separation of Magnesium sulphate 
together with Sodium chloride, and the course followed on evaporation 
will across the ^Magnesium sulphate field, away from the hypothetical 
point represemting the solution saturated only with Magnesium sulphate 
and Sodium chloride. This point must be on the Magnesium sulphate 
axis as well .as on the lino K.i (representing the change in composition of 
a solution saturated with ^lagiie.sium sul!^atc and Sodium chloride as the 
amount of JMagnesium chloride varies), and will obviously fall at their 
point of intersection, Supposing the Magnesium sulphate field to 
have been cut at a point /?, the path followed on concentrating the solu- 
tion will be along j'/5 produced, until the next field is entered. Jn a 
similar manner, the subsequent course is traceable until the point w is 
reached. As a matter of fact, some uncertainty exists as to the exact 
course of crystallisation, as the investigation of Leonite, Kainite, and 
Ki':j.serito is not yet complete. 

The order in which the salts are deposited is probably as follows : — 

(1) NaCl; (2) NaCl and ]MgS0^.7H,0 ; (3) NaCl and Leonite; 
(1) NaCl, Leonite, and KCl, or NaCl and Kainite : (5) NaCl, Kieserite, 
and Carnallite ; (G) NaCl, Kieserite, Carnalli to, MgCL.(3TLjO, the solution 
then drying up without further change. 

Not only does tlfe succe.ssion thus indicated agree with that actually 
ound experimentally on evaporating sea water at 25*^, but also very fairly 
■with the geological succession as observed at Stassfurt. Thus the lowest 
^posits of rock salt represent stage 1, the overlying Kieserite and 
ainite beds stages 2, 3, and 4, and the uppermost Carnallite region 
stages 5 and 6. ® 

But althopgh it is ple^.r from tbe general agreement of the pesulta 



282 i?i:roKT — 1901 . 

obtained in the iaborat.oi*y witli the observation made at Stassfurt that 
the tempei’ature at which the beds were deposited was not far removed 
from 2.“)'", it was possibly somewhat hi^ifher, as tln^ proportion of Kainite, 
and especially of Ivit'serite, obtained in tlie laboratory is soinowhat lower 
than that met with in nature. Moreover, whereas at Stassfurt Calcium 
sulphate ofunirs in the anhydrous form, in tlie laboratory it has not been 
obtained in tliis form bt*low 

Tlie foregoing account has been compiled from a series of twenty-three 
papers by van’t llolFand bis pupils, published since tlie year 1S97 in the 
‘ Proceedings of the Berlin Academy of Scienci's.* Apai’t from these and 
the information given by van’t Hoff in his text-books, there are only two 
other papers bearing on the subject — one by van der Heide (‘Zeit. Pliys. 
Chem.' 12 , 110), the other by L<>wenherz {ihul.y 13 , lo9). 


Keiiih ct). Slit/o. — Tntcnni Jiej)nrl nf Ihc Commltfer, rojislsthitj oj 

Dr. R. l\ Sc’HAlUT (Chttlrniany ^Ir. R. Ll. Pkakgkr (Seen tar if), 

-Mr. C. Com:y, Proie.ssor A. (b Culi% Professor D. J. CrxMiNCi- 

IIAM, .Mr. A. ifcUKMn', and Mv. H. J. Tssiikk, apimnted iuliridore 

Jrifih Cares, 

The Coinmittco s(‘loctod for the first operations a series of caves on the 
slopes of Keishcoiran Mountain in the county of Sligo. Owing to the 
unsettled state of the weather, the excavation of the caves could not bo 
coinnienccd until the middle of 3! ay 1901, though a preliminary survey 
was made early in Ajiril by Dr. Scharff and 3Ir. Praeger. 

After careful measurements were tak(*n a deep trench was dug across 
the Mioutli of one of the ca^•es, so a.s to expos(j a section of thi^ various 
deposits, which were as follows from above downwards : — 

1. Black earth, containing bones of domestic animals, charcoal, and 
human implements (similar to t*^rusc found in Crannoges), with a depth of 
from b inches to 1 foot. 

2. Breccia, consisting of limestone blocks fallen from the roof in a 
tufaceous deposit. This appeared as a natural arch in the section varying 
from 1 foot in the centre to 3 feet at the sirles, and contained numerous 
remains of land .shells and bones of small mammals. 

3. Broxcn rtay, containing large blocks of limestone and numerous 
bones of small and a few of large mammals. At a depth of 6 feet from 
the surface a much waterworn block of limestone was found, indicating 
proximity to the tloor of the cave. 

As the excavation in this cave was carried to the interior it became 
unpromising and unsatisfactory owing to the difficulty of removing the 
large masses of limestone. It was therefore decided to abandon it. 
Datum levels having been carefully marked on the sides of the cave, it 
will be possible to resume? work and complete the excavation should the 
results obtained in the other caves render it desirable. 

A second cave was then opened in a similar manner, proceeding from 
the moutli inward, with very satisfactory results .so far. Dr. Scharff, 
31r. Coffey, and Proft^ssor Cole having luid to return to town, Mr. Dsslier 
was loft in charge of the work, and reports that the upper stratum of this 
cave contained much charcoal and bones of domestic animals — broken for 
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the marrow — and a red d(?er’s antler. With these were associated a stone 
celt, bronze pins, and portion of an iron saw of ancient pattern. IJeneatli 
the above another* stratum, consisting of cave-earth, was found, in which 
were various remains of bear and deer, besides human teeth and charcoal. 

The Committee therefore feel justified in continuing the excavations, 
and ask for reappointment. The collections have been deposited in the 
Dublin Museum, and are at present being worked out by the staff. 


J^Jrratic Blorl’s of the Bniish /.s7c.s*. — Report of the Committee^ con-ndinfi 
of Air. J. h]. MAKJt (Chairman)^ Air. V, F. Kendall ( Secre- 
tary), Professor T. (t. I^onnev, Air. C. E. De Pance, Professor 
W. J. SoLLAS, Air. K. 11 . Tiddeman, Pev. S. X. Harrison, 
Mr. J. Horne, Air. F. AI. Burton, Air. J. Lomas, Air. A. IL 
Dwerryiiouse, Air. J. W. Statiier, and Air. W. T. Tucker, 
appointed U) inrei^tiyaie the F/rraiic Bloclis of the British Isles, (utd 
to talce measures fnr their preservation. (I)raicn up hy the Secre- 
tary.) 

The major proportion of the records for inclusion in this report relates to 
Yorkshire, where an active organisation exists with working memlicrs in 
all parts of the county, but especially in the East Riding, where the 
members of th<^ Hull Geological Society are doing admirable systematic 
work. Ill furtherance of the objects of the Yorkshire Boulder Committee 
an excursion to the* Lake District was arranged by the Yorkshire Geo- 
logical and Polytechnic Society. The area chosen for study was the country 
round Keswick, which^ is so rich in rocks of pronounced petrological 
characters which might be expected to have travelledover into Yorkshire. 
The influence of this excursion is at once to be seen in the records of 
erratics which have already been recognised. The peculiar rocks of 
Eycott Hill and Carrock Fell have been found at Dimlington, and a well 
characterised volcanic breccia occurrn^as boulders on Dunmail Raise has 
been found at Hornsea, along with a specimen of the well known Arni- 
both Dyke. 

A striated surface discovered on the southern slope of Skiddaw 
has been reported to the Committee as the only convenient metliod of 
recording an isolated but valuable observation. 

The reports from the coast tract of Yorkshire continue to yield new 
stations for the very characteristic Norwegian Rhomb-porphyries and 
Elieolite-syenites. The visit paid by the geologists of Yorkshire to the 
Cheviots and some of its results were commented upon in the last report 
of this Committee. Two facts stand out in the present scries of records, 
in the light of a more intimate acquaintance with the Cheviot rocks. While 
we find that many observers note the great preponderance of Cheviot por- 
phyrites over every other type of far-travelled stones, no example of the 
Cheviot granites has ever been identified in Yorksldre. The Secretary 
has long been impressed with the singularity of this absence of evi- 
dence, and after examining the rock iii siftt. has made careful search for 
it at Filey, Bridlington, Whitby, and other places, where thf3 porphyrites 
abound. No clearly identifiable specimen could lie found. A collection 
was inade of granitic pebbles from the shore at Whitby in order to get a 
sufficient scries to base an opinion upf»n. Seventy of these stones have 
been sliced, and the results of a preliminary examination are not 
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encouraging to the hope that any positive identification of the Cheviot 
granite can be made. The results of a fuller examination will be presented 
in the next report of the Committee. INIeantime it may be remarked 
that the striking disproportion which must exist between the boulders of 
the Cheviot granite and those of the por])hyrites will perhaps find an 
explanation in the conditions which prevailed in the Cheviots themselves 
during the time when the disti ibution of the erratics was in progress. 

Mr. Stather s numerous records of greywackes of a similar type in 
various parts of Yorkshire and on the lower slopes of tlui Cheviots sug- 
gests the probability of their derivation from the Imsin of the Tweed. 
Two very remarkable discoveries are reported by Mr. Fearnside. The 
gravels of the Yorkshire Calder have long been noted for remarkable 
uniformity in the character of the included stones ; besides local rocks 
there had been found nothing but well defined types of Lake Dis- 
trict rocks, andesites, agglomerates, and the granitic rocks of the 
Luttermerc and Eskdale types, all such as might liave come by way of 
lifXncashirc from the western side of the Lake District, and perhaps one 
or two examples of the Galloway granites. Mr. Fearnside now adds the 
Norwegian Rhomb-porphyry, Brockram, brown flints, and Shap granite, 
discordant eh'inenis difficult to reconcile with the very consistent scries 
previously known. !Mr. If. H. Corbett, of J)oncaste^r, points out a singular 
fact : the three boulders of Shap granite found respectively at Royston, 
Ad wick, and Balby have a vein of felspar running through each of them. 

The boulders recorded by Mr. Lomas from New Mills, Derbyshii’e, 
are of the type usual on that side of the Pennine Chain, but tlie occur- 
rence of Triassic pebbles is of great interest, as the altitude, 030 feet, is 
several hundreds of feet above that of any Triassic rock hi sifn in the 
region. 

The boulders of nodular dolcrite recorded from the Ayrshire coast 
precisely re.semble tho.se which are found in considerable numbers in 
Western Lancashire and Cheshire, csjM^cially in the Wirral. A single 
example has been found from the p<>rth of Ireland. These rocks have 
long been regarded as of Scottish derivation, and their great abundance 
on the coast of Ayr.shire seems to favour the supposition. It is to be 
hoped that some geologist may be found in Glasgow who can identify the 
rock and state its source. 

The Secretary lias provided the Lincolnshire Boulder Comrnittcje with 
a series of rock specimens from Norway and the Cheviots to servo as 
types for the determination of the source of erratics, and he has still 
remaining a large number of duplicate specimens of noteworthy Nor- 
wegian rock (Rhomb-porphyries, Eheolite-syenitc's, itc.), rocks from the 
('heviot.s, the south of Scotland, and from the Lake District, which he 
is prepared to distribute to local museums or to individuals willing to aid 
in the work of this Committee. 

Cumberland. 

Jieporled hy Mr. John Caklton {Hull Geoloyicnl Society) 
per Yorkshire Boulder Committee, 

Skiddain , — On left of pathway to top of Skiddaw, about t30 yards 
above second hut, 1,450 feet above Keswick, glacial stria; were observed 
on solid slate from which the turf had been reqently removed, Direc*- 
tion W,S,W, 
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Derbyshire. 

ReportedhyJ, Lomas, Et<q.^ A,R.C,S.y Jiroadhuvst Edya^ near 

Jordan Arms^ New Mills, 9.30 feet O.D, 

Andesitic ash, 11 inches in diameter. 

Many striate<l fraj?mcnts of line micaceous grit. 

Rhyolite (from Upper Barrowdale Series). 

Ihittermere granuphyre (common). 

Coarse millstone grit, 2 feet diameter. 

I’orphyritic felsite. 

Triassic quartzite peboles. 


Lancashire. 

Rejmrled hy J. Lomas, Esq.^ A,R.C,^,^ F/J.S, 

Liverpool, — At Saiidoii Graving Dock. In boulder clay 17 feet 
thick. 

Diorite, 3 ft by 2 ft. i\ in. by 1 ft. 6 in. Axis nearly X. and 8. Well scratched 
and exhibiting a well developed sole. It lies i/i aita 5 feet below Old 
Dock vSill. 

Diorite, 2 ft, 10 in. by 2 ft. by 1 ft. 8 in. A.xis X. 5^ E. 

Andesitic agglomerate, 1 ft, by 1 ft. by 0 in. ; 10 feet below 0.1). S. 

Limestone, 1 ft. in diameter. 

Keiiper marl. Various .'*mall pieces. 

Oypsiim abundant. 


Lincolnshire. 

Reported by Rev. E. Adrian Woodruffe Peacock. 

Cadency Manor House, — Boulders found in sinking a well. 

Coar.«<e augen gneiss in dark boulder clay at 18 feet. 

Grey limestone with brown ferruginous oolitic grains and .shell of a Lima ; 
not fj. (lujaniva or L. though belonging to the same group. 

I Xeocomian or Lias. 

Dolerite ; Lime.stone probably ; grey felspatliLc sandstone ; dark 

grey shale ; red chalk. ^ 

Reported by Messrs. Paul Davis and J. W. Statjier, F,G.S, {Hull 
Geoloyical iSociety)^ per Yorkshire Boulder Committee, 

Cleethorpes, — Three large clay pits near the railway station show 
Boulder Clay 30 to 40 feet thick. The boulders, many hundreds of which 
are visible, are of the usual East Yorkshire types, but of smaller average 
siise. Among those noted were rhomb -porphyry ; eheolite-syenite ; 
Cheviot porphyrites ; greywacke sandstone ; liyperstlieiie-dolerite of 
Eycott Jlill ; grey, black, pink, and green -coated Hints. 

Yorkshire. 

Reported by thg Yorkshire Boulder Committee (J. II. IIowarth, 
F,G,S,y fSecretary), 

By O. A. Auden, Esq, 

Bringhouses^ York,-—- 

Carboniferous sandstone, two large boulders, one weighing 3- 1 tons, obscurely 
striated. 
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Jiy E. llAWKKSWOliTir, Usq. 

Iirotii/>(o)i, near JVorfhalhn-fon . — 

Tho turnpike roa?! from Xorthallertnn to Stockton cats throiij^li a rijljio of 
drift before roacliin.ur the village. It yielded 1 rliyolite: 1 doleritt? ; 
1 jj:iibbro (.’) ; 2 Carboniferous Limestones (black) and Carbonifeious 
sandstones. 


/>}/ \V. CtUec.son, jF-sy/., Fjr.S. 

Kivklinyton^ G uiUes K.E, ([f /ii/)on, at Cohhtont^ House Farm , — 

1 galliard or ganister, 1 ft. by 2.V ft. by 2 ft. .subangular ;1lop smoothed and 
grooved ; strite N. and 8. 


J>y W. G. Fkauxsidk. 

Hoi'hurt/y near Wah>Jh^ht , — ^lu titi cxca\‘ation for the south pier of a 
bridge over the river Caldcr. 

J> Sliaj> granite. 

1 Lrockram. 

1 Lhomb-porphyry. 

1 Lrown Hint, 

The boulders ^verc taken up in the .scoop of a dredger along with a 
portion of l»a.sal clay when excavating for the concreting of the founda- 
tions of tlie bridge pier. 


Fjj P. F. Kkxdall, F.0,S\ 

Setfrhif/loUj IV//c of Firkrruif /. — Tn fields about htdf a mile S.W. of 
railway station a thin .scattering of foreign pebbles occurs among the 
fragments of tho subjacent (^'‘iito. Twenty were collected ; they 
include : — 


1 Vein quartz pebble, (?) 'I'rias. 

<i Saccharoid qiiarzites, one liver-coloured, (?) Trias. 

2 (’arboniferous sandstone, one fcl.'^paUdc. 

1 Ih'd jasper. 

4 Flints. 

1 Fine-grained gneiss (?). 

1 J5a.salt. 

1 Sand.stonc j ,, i^ix 
1 Limestone i 


Jit/ K. IIawkeswoutii, Esq, 

WiqldV, near Tadcaster , — Taken from material excavated in making 
u drain. 

2 Dolerite.«J ; 1 che.-'t. 

KeitlenesSi near Whitby , — On beach just south of ICettleness* 

1 Cheviot porphyrite ; 1 eIa:iolitc .syenite. 

\ C.iiviv'ia. 
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]V i/ke)iani, Vide of Pickerhuj. — From gravel-pit. 

J Dolerito ; 1 (Jhnviot porphyritt;. 

1 ("heviot ;ui«lcsitc ; 2 grey liiritM. 

1 Eliiioliie-syeiiitc*, (') a .small pebble. 

Communicated by the Boulder Committee of the Hull Geological Society, 

AytoUy near Scarboro \ — 

1 JUiomb-porphyry. 

Hutton Bnshell, Vale of Bickering — In gravel pit at east end of 
village. ^ 

I lihomb-porphjry. 

Wykeham, Vale of Pickerimj , — In sand-pit behind the Downe Anns 
Hotel. 

Cheviot porph -rite ; Lias. 

Sramer , — In glacial gravel in pit contiguous to railway station. 

llhonib-pnrpliyry ; Cheviot porphyrito ; basalt: red granite, magnesian lime- 
stone (Uokertype); Carboiiiftiroua limestone; black Hint Lia.s ; and 
much sandstone from local source.*?. 

Btton, near Becerley, — In strong Boulder Clay at east end of the 
village. 

Cheviot porphyrite (several varieties). 

Greywackc siindstone; Lia.s, Skc. 

Gardhauiy near Beverley , — A shallow pit in chalky gravel we.st of the 
village contained a few foreign pebbles, among wdiich Cheviot porphyrites 
were predominant. Basalt- Carboniferous limestone was also noted. 


Jiy Thomas Sheppah'^, Esq., F.G.S. 

Men ax, near Beverley , — 

Khomb-porpliyrv ; Clieviot porphyrite ; Carboniferous lime^toue and sand- 
stone ; Lias. 


By J. W. Statiier, Esq,, F.G.S, 

Leconfield, near Beverley , — In old gravel-pit east of Pump Briilge. 
(1 ravel consisting of chalk with a few foreign pebbles, chiefly Cheviot 
porphyrites and greywacke sandstone. 

Cherry Barton, near Beverley . — Chalk capped with 8 feet of Boulder 
Clay half-mile east of sbition. Among the pebbles of non-local rocks in 
the clay Clieviot porphyrites greatly preponderate. Basalts arc also 
plentiful. Greywacke sandstone and Lias were also noted. 

Bartindale Farm^ near Forth Burton , — Fifty yards east of house. 

Ilasalt, 4 ft. by ft. by 3 ft. 

J^rindale-o7i-the^Wold3 . — Many boulders occur in this neighbourhood, 
and a pavement has been made of them at Field Spring. Basalts are the 
most common. 
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Dimliugton . — • 

1 Dolerito, Kycott Hill. 

1 Gabl'i'o, CarrDck Fell. 

Ferriby Common^ ufjar Hull. — Chalky gravel iii a small pit on thd 
Humber side contains a small percentage of foreign rocks, including 
rhomb-porphyry ; basalt ; Carboniferous limestone. 

Thornton Dale^ Valr. of Picker iny, — Tn the cutting cast of the station, 
through beds mapped as glacial, no trace of foreign rocks seen ; all local 
Oolite. 

By F. Waltox, PJt.S. 

Jloniitea . — ♦ 

1 Volcanic breccia, 4 in. by il in. by II in., identical with boulders found in 
stream at Dunmail Raise. Cumberland, 

1 Quartz porphyry (Armboth Dyke), 4 in. by o in. by 3 in. 


SCOTLAND. 

Ayrshire. 

Beported hy P. F. Kendall, F.U.S. 

A nodular dolerite closely resembling boulders found in Western 
Lancashire and Cheshire forms many boulders on the shore at Shalloeh, 
one mile south of Girvan. The boulders appear ratlier less numerous 
at Girvan, and at West Kilbride only one has been found. 

Boulders of the Ailsa Craig Riebeckite-eurite are very abundant 
dong the coast from Girvan to Ballantrae, but I have not found it at 
West Kilbride. 


Life^r^oiies in the Briliah Carhonifcroii.'^ /I'oc/r .'?. — lieport of the Com- 
mitteCy conKifitiny of .\[r. Mark {C/iainnan), Dr. Wheeltox 

IIiNJ) (Sccretanj), ^Ir. F. A. Bather, Mr. G. C. Crick, Dr. 

A. H. Foord, ^ir. H. Fox, Professor F. J. Garwood, Dr. G. J. 
Hixde, Profes-sor P. F. Kendall, Mr. J. W. Kikkrv, ]\rr. IL 
Kidston, Mr. G. W. Lamplcihi, Professor G. A. IjEhocr, JNlr. 

B. X. Peach, ^fr. A. iSTRAiiAX, and Dr. 11. Woodward. (Drawn 
tip Jhj the Scerdary.) 

The suggestions of tlie Secretary, published in the last report of the Com- 
mittee, that the faunas of (a) the Ijeds which occur between the IMillstone 
Grits and the Massif of Limestone in the South Pennine area, and (b) 
the faunas which occur in the shales between the Millstone Grits and th(5 
upper beds of Limestone in the North Pennine area should he examined, 
was carried out hy placing a collector in the Pendle district and oikj also at 
Hawes. The Committee have been most fortunate in obtaining the skilled 
services of Messrs. Rhodes and Tait, collectors on the Staff of the Geo- 
logical Survey, while on vacation, and Mr. Rhodes has collected in the 
beds between the Underset Limestone and the Millstone Grits around 
Hawes, and Mr. Tait has collected in the beds between the Clitheroo and 
Chipping, inlicrs of Massif Limestone and the Millstone Grits. 



UF£>ZON£S nr THE CARBONIFEBOCS ROCKS. 


289 

* 

Mr. Bhodes has sent several sections shown by the streams examined by 
hkn, which are aj^nded, and the fossils he has collected are shown in 
tabular form. The results of Mr. Tait’s collecting are also shown in tabular 
form) and a comparison of thq two sets of fossils is most instructive ; for 
while Mr. Bhodes’ specimens are all members of the fauna of the 
Carboniferous Limestone, in the Pendleside fauna only a few Brachio* 
pods are common to it and the Carboniferous Limestone. 

The work done by these collectors largely confirms the results ex- 
pressed in the paper read before the Geological Society last February by 
the Secretary to this Committee and Mr. J. A. Howe, which has just 
appeared in the ‘Quarterly Journal ’ of the Society. Mr. Tait has traced 
the Pendleside fiana over a wider extent of country locally. Lately the 
writer has obtained this fauna, at the same horizon, in North Stafford- 
shire and iberbyshire. It is an interesting fact that he has this year 
obtained Chcenocardiola (Lunulacardium) Footii and Posidonomya mem- 
brancused in these beds, hitherto only known from the Upper Limestone 
shales of Ireland. 

The great point of interest in Mr. Rhodes* collection is the finding in 
Edendale of many species, hitherto only found in the shales of the Car- 
boniferous Limestone 'series of Scotland ; Parallelodon semicostatum, 
Nucula ItLcinifomiis, N. oblonga, Ifuculana Imvistriata^ Protoschizodiis 
impreasus^ Cypricardella anncp^ C. rectangularis^ Sanguinolites plicatns. 
S. variahilisy Sedg'tJbickia scotica, Entdlium Sowerbyi^ Euomphalua carbon^ 
arius^ Hyaloatelia parcdiela, and Serpulites membra'iiacea. 

This fact is im'portant as an aid to correlation of the Limestone series 
of Scotlan<^ with portions of the Carboniferous series of England. 

The Cephalopoda have been submitted to Dr.' Foord and Mr, Crick, the 
Sponges, to Dr. G. J. Hinde, the Crustacea to Dr. H. Woodward. The 
Secretary has determined the Lamellibranchiata and Brachiopoda. 

Dr. A. H. Foord reports about the Cephalopoda sent from Mr. Rhodes’ 
series : • They clearly represent an horizon high up in the Carboniferous^ 
i.e., that of the Upper Limestone groijp of the Scottish Carboniferous 
Limestone series. The species I particularly refer to are Orthoceras 
sulcatum (Flem.), Cyrtoceras {Meloceras) rugosum (Flem.).’ Tho Lamelli- 
branchiata and small Gasteropoda strongly confirm this view. At the same 
time the absence of the Pendleside fauna both in Scotland and the North 
of England is important. The typical Cephalopoda and Lamellibranchiata 
of this group have not yet been found as a fauna where the Scotch type 
of fauna occurs. The Pendleside fauna has been obtained in beds of tho 
same series at several places in S.W. Yorkshire, N. Staffordshire, Cheshire, 
Derbyshire, and Co. Dublin, and tho characteristic zone-forms appear to 
, be : Glyphiqcer&a reticulatum^ G, bilingue, G, spiraUy Eimorphoceras 
Gilbertsonif &. Zoonyi, Gastrioceras carhonariusj G. Listeri, Orthoceras 
Steinh/iureii Aviculopectan papyraceusy Posidonomya Becheriy P, niem^ 
branactUy P. corrugaUiy Posidoniella Icevis and P. mmor, Euculana stillay 
Schizodua antiquuSy Chcenocardiola Footiiy Leiopteria longirostrisy Macro- 
cheilind Gihsoniy Mf, reticulatay M, elegans. 

interesting to note that Mr. Rhodes found Productus giganteus 
and P. laH8aimufi uj& high as the Main Limestone in the Hawes district, 
and that he obtained A giganteua and ChcBtetea aeptosua with IMhostrc- 
*?®^^®^tifully 33 feet over the Hardraw Scar Limestone at Mill Gill, 
We Ahd I hare lately obtained all three in the Main Limestone of 


u 
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Lut of Sections from which Mr. Biiodks coUeci ^d. 

A ^ 

on Sbction A. Far Cote Gill 1-tn. Surrey^ Shset 40, C-tn* Shset 36, 
Westmorland. Beds seen from base of UndersH Ztinef^ono 4o Crow 


Limestone. . x 

' 3PI. In. 

Ganister ^ . . . • 4 0 

U. Limestone. ? Thickness, say . . . . . 85 0 

40-98 . , . Hard dark calcareows shale on impure Limestone top of 

U.L 4 0 

Blue shale with Ironstone nodules . ... . . B 0 

Rotted sandy shale, about . . . • *70 

(Sandstone false-Hedded, with sandy shale, abont • , 1.5 0 

Main Limestone disturbed. ? Thickness . , . t 26 0 

Top of above not seen - 

Fossils from uppers 

foot (10- fathom ’ Impure grey flaggy Limestone 2 0 

Grit), 1-39. J 

Dark unfossiliferons sandy shales and sandstones . . 7 60 0 

Little Limestone, grey crystalline Limestone, traces 

of encrinites 2 0 

Grey chert streaked with black, sponge spicules , .20 

Thin iioduLir l>ed. ? Phosphatic 0 3 

99-113 . « . Blue shale with Ironstone notlules and pyrites , .60 


B 

Little Limestone y Smith tj Gill. E. slope of Swarth Fell. 1-iw. Sur^ 
vetjy Sheet 40. Westmorland. ^ 


Ft. In. 
6 0 


Undebset Lime- Blue Grey Limestone, with chert nodules • 

STONE. 

Product us gigan- ] Coral Limestone (turbinate Corals) 2 0 

teus. / „ (Lithostrotion ?junccam), varies from 1 to .3 0 


Productu.s gigan - 
teus, very rare . 
and occasional f 
turbinate Corals J 




Grey blue Limestone 
? Several feet dtfvered 
Top bed seen in Gill bed 
Grey and black cliert bed, 
Rotted shales . 

Covered. ? Feet 
Sandstone false-bcddetl 


with sponge spicules 


6 0 

2 0 
2 0 
10 0 

H 0 


BIain Limestone. ? Thickness, but probably not more 20 0 


Top showing in stream 

Rotted. ? Calc, shales 

Rotted shale . 

^ ^11^147 Limestone, impure grey Limestone . 

Rotted shale 

Bandy shale and sandstones directly resting on above 

Goodham Gill. E. slope of Swarth Fell. \-in. Survey y Shsst 40. 
6*tw. Sheet 49. Yorkshire. U. Limestone. Base not seent 


0 

0 ' 

0 

0 


Unhebset Lime- Coral reef seen and collected Irons, about 
STONE. Other part of Limestone obscure , • 


Ft. !»• 

6 0 
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Haxd ffrey sillcioas shale on Limestone • 

Soft shale covered in little waterfall 

y- . . . , 

0rey and darto chert bed» with sponge spicules « 

Limestone bluish grey ^ 

J)ark chert spicules ....... 

Black chert spicules ....... 

Hard blue silicious Limestone 

About 10 feet of beds covered 

Fossils • « Calcareous shales at base of second waterfall at gorge 

Dark sandy shale (micaceous) with lenticles of sandstone 
. False-bedded sandstone . . ' 




Little Lime- 
stone series. 


Fossils • 


Fossils ? 


Calcareous shales, thin band rotted . . . . 

Marked shale, probably 

( Dark calcareous shale (flaggy) 

Impure Limestone, with silicious bands andcncrinitc 

ossicles 

Hard grey Limestone, with encrinite ossicles . 

Shale black and micaceous 

False-bedded sandstone 

Dark sandy shale, with pyrites 

Sandy shale, false-bedded sandstone ripple-marked at 

top . . . . • 

Calcareous sandstone, marine band 

Rotted sandy shale 

Crow Livie^tonCy grey crystalline L., traces of encrinite 

ossicles 

Hard silicious flaggy shale with Cauda Galli . 

Blue shale, *over above not seen in junction, but higher 
up stream 4 feet seen, and yielding Ironstone nodules 
Above this sandy micaceous shales, probably with occa- 
sional Ironstone nodules 


?30 0 


1 6 
? 2 0 
4 6 


Ooodham Gill Sections. — From Underset Lhmstone to probable Base of 

Millstone Grit. 

K 

rr Ffc- I* 

UNDEBSKT LiME- IT. Limestone ? 25 ( 

STONE. Hard grey silicious shale top of U.L. . ... . 1 ( 

Soft shale shown under bed of stream . . . . 1 ( 

Hard silicious flaggy sliale (fossils) 3 ( 

Grey crystalline Limestone 1 ^ 

Grey and dark chert bed, with sponge sx^iculcs . . 3 ( 

Limestone bluish grey 0 ( 

Dark chert (sponge spicules) . . . . . p ( 

Black chert „ 1 ( 

Blue hard silicious Limestone I ( 

About 10 feet of beds covered . . . 10 C 

Gaicareous shales base of waterfall (fossils) . . 3 C 

' Dark sandy sbale^with some fl.'iggy sandstone near top 25 0 

1 ^ - False bedded ^vnolt ones to base of Main Limestone . 20 C 

" Limestone Main L. (with occasional Productm giyanteu^ and Corals) ? Srf C 

Calcareous shale . . . . ... .Of 

fAbout 4 feet of shales. 7 Covered • • t .40 

Hiurd dark silicious shales • • • • > .GO 

Limestone with sUicious badbs • . • ■ • 1 C 

, Hard grey Limestone with encrinite ossicles . • . 2 C 
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Shale black and micaceons 16 

Sandstone false«bedded . . ^ 2 0 

Dark sandy shales with pyrites 4 6 

Hard grit on sandstone bed 2 6 

Sandy micaceous shales with leaticles of sandstone in 

upper part 8 0 

Sandstone more or less false<beddcd and ripple-marked 

in upper part ? 30 0 

Calcareous grit (?) fossiliferous . . . . .10 

Rotted shale . . 2 0. 

{ Blue-grey silicious Limestone 2 0 

Hard silicious flaggy Limestone . . ..10 

Hurd silicious shale with Cauda Galli . . . .20 

Shales with Ironstone nodules rotted. ? About . .60 

About 14 feet of shales covered. ? Same as above . .14 0 

Dark micaceous sandy shales (iron nodules) . . . 60 0 

Dark and more sandy shales with one or two flaggy 
bands in upper part and irregular calcareous sandstone 

masses 40 0 

Irregular flaggy sandstone ripple-marked, and with 

annelid tracks 25 0 

Massive grit with ganister-like top, rootlets in top beds ? 20 0 

Shale-rotted ? 4 0 

Impure nodular Limestone band with cyprids . . 0 6 

Blue rotted shales with some Ironstone nodules . . ? 20 0 

Grey ganistcr (rootlets), about 0 4 

Coal seam, silicilled (?), 6 in. to 1 ft 10 

Hard silicious flaggy beds with fossils . . .,40 

? Base of Millstone Grit — 


Lund's Gill Sections, 


Underset Iime- 

STONE. 


Main Limestone 


Little 

B^ONE. 


V. Limestone 

Dark blue flaggy silicious Limestone (fossils) . 

Grey and black chert 

Grey silicious Limestone 

Blue chert , . 

Grey silicious Limestone 

Blue Limestone 

Calcareous shales. ? Sjnriferri glabra common 

Blue shale with Ironstone nodules . . . . . 

Dark sandy shale with Ironstone nodules 

Dark sandy shale passing up into sandstones . . . 

False-bedded sandstones . 

Main Limestone grey and compact lower part 

„ middle part coarsely encrinital . 

„ upper part compact encrinital . 

Sandy shale's and flagstones, flags ripple-marked . 20 t 
Ganister-like grit 

f Little Limestone blue (small encrinit^ ossicles) . * . 

Dark silicious flaggy beds with Cauda Galli . • . . . ■ 

Rusty layer glauconitic^ and Containing 7 calcaxeoue 

sponge spicules . . . 

Kilicious shales . . . . . • . . • 

Blue shale with Ironstone nodules . . • 

Handy shales with Ironstone nodules . ^ . . • 

Sandy shales with some thin flags in upper part • 

Dark sandy shales and flags interbedded. ^f) Probably • 
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E 

Cartmere Gill^ E, Baugh Fell^ Gfisedale, 1 tn. Sheet 40. 

Yorkshire, 


Littlk Lime- /L. Limestone. Blue Limestone • • 

STONE. ^ Black and grey silicions beds . 

Dark shales . ^ 

Crow Lime<«tone (encrinital Limestone) . 


6-in. Sheet 49. 


Ft. In. 
. 2 6 

. 3 0 

! 5 0 


Round Ing Gi% Griaedale. Sheet 40, 1-in. 

Yorkshire. 


Sheet 49® 6-inch 

Ft. In. 


Main Limestone ..... . . ? — 

Calcareous shale 3 0 

Bi ae shale 9 0 

Hard flaggy silicioos Limestone beds . . 2 0 

Dark sandy shale 9 0 

Sandstone ? 

Little Limestone not seen. 


The thick sandy shale banks not in good position for 
working. 


a 

Fluot Gill, Grisedaie. 1-in. Sheet 40. Sheet 49®. Yorkshire, 


Ft. In. 

Maii^* Limestone 7 25 0 

Sandy shalhs and sandstones. Sandstone ripple-marked 7 25 0 
Little Limestone. Blue compact Limestones (on 

sandstone) . . • 2 0 

Hard cherty Limestone 2 0 

Cherty shale not clear 3 0 

Rotted shales, mostly ooveivi 12 0 

Sandy shales with fossils (and Ironstone nodules) . 70 0 

Calcareous sandstone msisses and thin flags and shales 2.5 0 . 

Sandy micaceous shales 7 10 0 

Impure Limestone not in place — slipped (? represents 
Crow Limestone) 2 0 


Section over H.S. Lhnestone. — Mill GiU above Mill Gill Force, 
Askrigg, 6 in 66, Yorkshire Section above Hardra Scar 

Limestone. 


^ Habdra Soar Limestone, probably .... 
Calcareoi^ shale (encrinite ossicles) . * . 

Thin calcareous band weathering brownish red 

Blue shale . . ' . 

Irregular sandstone and sandy shale partings . . . 
C Abonaceous shale with coaly streaks and plant remains 

Grit band with plant impressions 

Carbonaceous shale, plant remains . %p . 

Blue shale ^ . . * . 

. Calcareous band, with parts Iiimestone Corals, &c. . 

Hard compact hydraulic Limestone . . . 

y Hard shale band (7 with Posidonomya not well prcsi^rved) 
Hard compact hydraulic Limestone « • • • • 


Ft. In. 
60 0 
0 
0 
1 

28 
1 
0 
P 
1 
1 
2 
0 
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6 

2 

0 

0 

0 

6 

9 

0 

0 

0 
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Mr, Skodes' collecting in the Hawes Area,— Tails A, 

A— Farcote Gill. I B— Cartmere Gill T 

B— Smith's Gill. I F— Round Ing Gill ^Grisedale. 

C— Goodham Gill. G—Fluot GiU J 

D— Lund’s Gill. I H— Nine Standards Pell, Faraday Gill. 

The Cephalopoda have been determined by Dr. A. H. Foord; Sponges*by J- 

Hinde ; the other specimens by Dr. W. Hind, 
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Mr. RUM eoUectinn i» the Hama Area.—TdbU A (continued).^ 
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Streptorhynchus cronistria 

Zamellihranohiata 
Aviculopecten 

„ segregatus 

” c. u®?- 

Bntollum Sowerbyi 
Leiopteria lunalata 
Pinna mutica 
Pleronites angustatus 
CypricardeUa annae 

„ rectangularis* 

Ctenpdonta laevirostria 
Edmondia Maccoyi 
„ sulcata . 

It ®P* • . 

,, unioniformis ? 

„ Ly elli . 
Llthodomus lingnalis 
Myalina • 

Nuoula gibbosa . 

luciniformis 
„ oblonga »' 

Kuculana attenuata 
„ Irovistriata 
Par^lelodon reticulatum 
„ semicostatum 
Protoschizodjas axiniformia 
„ impressus 
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plicatus . 
tricostatus 
„ variabilis 
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Tendlis mu Area, Mr. Tail's collecting. — Table St 


Pliintid 

Lepidodendron vett- 
heimianum 

Asterocala mites scro- ^ 
biculatiis . . j 

Crustficea i 

Ceratiocaris sp. . . j 

CoraU i 

Zaphrenties Ennis- ; 
kUleiii ? . . . I 

Brachiopoda ; 

Atliyris ambigua , j 
Chonctes laguesslana ; 
Lingula mytiloidcs . 
Ortliis Michelini . . 
Product us Cora . 

„ punctaius . ! 

„ scabriculus ; 

„ semi ret icu- ! 

latus . ; 

Rhynchonella trikitera 
Spirifer (fragments) . . 
Streptorhynchus ere- I 
nistria . . . | 

Laniellibraiirhlata 
Actinopteria persul- i 
cata 

Avieulopecten Decheni 
Pterinopecten 
(Aviculopecten) pa- 
pyraceus 

Ctenodonta Ise viro.stris 
Myalina peralata 
Posidonella hevis 


Posidoiiomya Bccheri 
„ corrugata 
„ m e m - 
branacea 
Kolenomya costellata . 
Cephalopoda 

Glypbioceras bilingue 
„ rcticulatum 
Orthoceros cf. Morrisia- 
num .... 
Prolecanites compressus 
„ serpentinus 



Solber Lathe 
Flashy 
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The Structure o/* Crystals. — Report of the Corhmitteey causisting of 
Professor Story Maskelyne (Chairman), Professor H. A. 
Miers (Secretary), Mr. L. Fletcher, Professor W. J. Sollas, 
Mr. W. Barlow, Mr. G. P. Herbert Smith, and the Earl of 
Berkeley, appointed to report on the Present State of our Knoiv- 
ledge concerning the Structure of Crystals. (Brawn up hy Mr. 
Barlow and Professor Miers, assisted hy Mr. Herbert Smith.) 

Part I. 

Report on the Development of the Geometrical Theories of 
Crystal Structure, 1666-1901. 

The problem of the structure of a crystal presents itself under two aspects ; 
it involves the consideration (1) of the material which constitutes the 
crystal, and (2) of the manner in which this material is put together. To 
the first part of the inquiry belong all speculations and observations which 
relate to the nature of the crystal unit : as to whether it he a chemical 
molecule or an aggregation of chemical molecules ; what may be its 
dimensions and regularity or irregularity ; and what forces co-operate to 
fix its position and orientation. 

It might reasonably be supposed that this part of the inquiry should 
precede that which relates to the arrangement of the material. In reality, 
however, very little is known about the actual nature of the ultimate 
particles of matter in the solid state, and much more is known about the 
manner in which it must fie arranged. For, as the study of crystals has 
progressed, it has been found that their morphological and physical 
regularity results from the fact that they are homogeneous ; both the law 
of rational indices, which regulates the disposition of the faces of a 
crystal, and the seolotropisni, which regulates its physical chaiucters, are 
in harmony with the geometrical properties of a homogeneous structure. 

Now the distribution of the material in a homogeneous structure may 
be studied as a geometrical problem quite independently of the nature of 
the material, for it may be treated as the problem of the homogeneous 
partitioning of space (see below, p. 310). 

The present portion of the report, therefore, deals exclusively with 
the geometrical theory of the homogeneous partitioning of space, or (what 
comes to the same thing) the homogeneous repetition of identical parts in 
a uniform structure ; a side of the subject which seems to have reached 
something like finality. 

^ A second part will be concerned with the nature of the ultimate par- 
ticles and with the possible arrangements corresponding to actual 
substances, a side of the subject which presents considerfible difficulty and 
may be said to be irf^ill in its infancy. 

In order to put before the reader a clearer and more satisfactory idea 
of the present state of our knowledge, the historical ^development oi the 
subject is sketched below, and the more important contributions to this 
development are discussed in detail. It will thus be perceived that con- 
inual progr^shasbeen madetowards a clearer comprehension of the possible 
ays in which the homogeneous repetition of parts may take place, each 
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advance being suggested or confirmed by the knowledge obtained from the 
investigation of the morphological and physical characters of crystals. 
Since the means at our disposal do not admit of the proof of the existence 
of similarly repeated parts in crystals by direct observation, any such 
proof must necessarily be indirect, and, to be conclusive, the properties of 
homogeneous structures mathematically deducible must bp shown to be 
in complete harmony with those actually observed in crystals. 

Early Views, 

. Many of the physical properties of matter may be explained without 
any idea of structure or grain, and some physicists have so defined homo- 
geneity ; ' but such definitions merely ignore and do not preclude , the 
conception of a homogeneous repetition of definite parts.® Indeed, 
the call for such a conception seems imperative. Without structure it 
would be difficult, for example, to explain the striking polarity displayed 
by such a mineral as tourmaline. From considerations based upon known 
facts in physics and chemistry, it has been shown that the dimensions 
of the atoms, or, perliaps, the distances between their centres, though 
extremely small, must lie within definite limits.^ 

That by the packing together of similar bodies artificial systems may 
be obtained w'hose symmetry of form closely resembles that of certain 
crystals was perceived nearly two-and-a-half centuries ago by Robert 
Hooke from a study of the forms presented by alum. Thus he' says: 

‘ I think, had I time and opportunity, I would make probable, that all 
these regular Figures, that are so conspicuously rariom and curiotes . . • 
arise only from two or three positions or postures of GUibular particles, 
and those the most plain, obvious and necessary conjunctions of such 
figur’d particles that are possible. . . . And this 1 have ad oculum demon- 
strated with a company of bullets and some few other very simple bodies ; 
so that there was not any regular Figure, which I haVe hitherto met 
withal, of any of those bodies that I have above named, that I could not 
with the composition of bullets rr globules and one or two .other bodies, 
imitate, even almost by shaking them together.^ ^ * 

Just after Hooke had put forward his idea, evidence of the regularity 
of crystal structure was supplied by the observation of Nicolaus Steno,® 

^ Cf. the defioitions given by Biot in * Mdmoire sur la Polarisation lamellaire,’ 
M6m, Acad, Sci,^ 1842, xviii. p. 633, and by Thomson and Tait in Eaturat PhUo* 
§ 676. 

^ The following definition of a crystal, based exclusively on physical behaviotir, 
was first enunciated by Qroth : * A crystal is a homogeneous solid body whose elasti* 
city differs in different directions within it’ (^Eer, d, Bt^liner Ak,, 1876, p. 549). As 
Schouflies remarks, it is now generally admitted that the constancy of the crystal 
substance is revealed by its physical properties i;pther than by its external foi^, the 
latter being indeed more or less fortuitous and dependent on the conditions of ;^wth 
(see Schonflies KrystalUysteme und Krystallstrnotur^ p. 6). 

* Lord Kelvin (Sir W. Thomson), 1870, vol. i. pp. 661-663^ reprinted 

Appendix F, * Natural Philosophy,’ by Thomson and Tait. It Is interestiiig to note 
that certain of Jordan’s groups of movements, in which some of the minimum dis- 
tances separating similarly repeated ultimate parts are infinltedmally ^ 

compared with the others, are incompatible with the symme^ of aoWd crystal 
forms, i.s., forms obeying the law of rational indf 

* Miorogra^hia^ London, 1665, p. 85. 

* Be soUdointra tolidum naturaliter contento 
2669 (Englisb translation, London, 1671). 
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that the mutual inclinations of corresponding faces of rock-crystal are 
the same in different specimens. 

It was seen that the property of cleavage also points to the uniform 
repetition throughout a crystal of a definite structure of some kind, and 
various suggestions as to the forms of ultimate particles were based upon 
the cleavage. Thus Guglielmini,* «who also studied the forms of alum, 
argued the existence of plane faces for these particles, and attributed 
crystal forms to them. This observer, relying on the uniformity of 
internal structure, was t!:e first to affirm that crystals of the same sub- 
stance must always cleave in the same directions. Westfeld ^ suggested 
that calc-spar is composed of rhombohedral particles. The latter idea 
was adopt^ and extended by Gahn and Bergmann,^ who thus anticipated 
the general theory of crystal structure put .forth by the Abbd Haiiy, ♦ 
to which reference will be made immediately. 

Shortly prior to Haiiy we have the important discovery made by 
Kom^ de I'Isle ^ that the various shapes of crystals of the same natural or 
artificial product^ } are all intimately related to each other, and can be 
derived from a certain fundamental figure called the •primitive form^ the 
sjiape and angles of which are proper to the substance. The variety of 
form is due to the variety of the secondary faces. De ITsle himself 
seems to have supposed that the secondary faces have absolutely arbitrary 
positions, except so far as they are fixed by symmetry of mere external 
form. His work, by directing attention to the invariable nature of the 
crystal substance, and to the striking contrast between this invariability 
and the variety of external form which may bo exhibited by^he same 
body, supplemented the evidence in the same direction afforded by 
optical and phj^sical properties.® 

• Haiiy. 

It is now rather more than a century since Bene Just Hau;^sug- 
gested an intimate relation between the forms of crystals and the arrange- 
ment of their ultimate parts, and thus placed the study of crystal structure 
on a sure foundation. The stimulus givSn to research by his labours has 
been enormous ; multitudes of facts supporting his psincipal conclusions 
have been accumulating ever since his day ; and it is not too much to say 
that nearly all the subsequent work on the subject has been but an expan- 
sion or m<^ification of the work done by him. 

Haiiy bases his conclusions as to the nature of the crystal unit, or 
molecule, entirely oh the phenomena of cleavage. In any given crystal 
which displays this property he determines the shape of the similaf poly- 
hedra which would be obtained by separating the mass along cleavage 
planes into a number of similar fragments, each set of parallel planes of 
cleavage being equally spaced throughout. For example, cleavage 
parallel to the faces of a cube leads to cubic fragments ; that parallel to 
the faces of a hexagonal prism to fragments which are triangular prisms 


* RiJUtdoni fllJtcfiche dedotte dalle figure de , Bonon. 1688, and 
atsserMid episiaUtrie, Venet. 1705. 

^ Ahkandhingen^ Sttiok I. Gottingen n. Gotha, 1767. • 

orystallo^um tbtmm a Spato ortsa* in Hov. Acta, Reg. Soc. 8e. Uptal.^ 
^ ^ fomis crystalloTum ’ in Opueo. Upsala, 1780, ii. 

de CHttaRegraphie^ Paris, 1772. Cristallographie^ ou dcicriptvm dee 

# ^ ^ Palis, 1783. 

ochonflies, KryetalUyeteme w. KryetalUtrueiur^ p. 6. 
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(fig. 1 ). The units thus obtained, which ho calls molecules intdgrante$} 
belong, he finds, to one of three simple kinds ; they are in *801116 cases 
tetrahedra, in others triangular prisms, in the remaining cases parallele- 
pipeda,'^ and their form is found by observation to be invariable for a 
given kind of mineral.^ He considers that if the process lii question does 
not furnish the precise shapes of the actual crystal molecules, it at least 
pictures to us a representative analysis of crystal structure which is 
worthy to stand for the actual facts, and enables us to correlate them.^ 
A further partitioning of the 'inoUculea integrantea is, indeed, suggested, 
which would iissign a definite relative position in space to the elementa 
forming a chemical compound,*'* but the chemical atoms {moUculea 4 lemen- 
taires) of various kinds thus supposed to have distinct places in the crystal 
^ substance, and to be of definite and constant form, are not made the 
subject of investigation. The moUculea integraifUea are supposed to result 
from the regular combination of the latter to form a single kind of unit 
or molecule, and these alone form the basis of Haiiy's theory of crystal 
structure. 

Adopting the idea put forward by Rome de Tlsle of the existence in 
every crystal of a primitive form,® or nucleus, Haiiy supposes that this 
nucleus consists of a considerable number of moUculea intigrantea^ and 
that the primary faces of a crystal are the outcome of regular accretion 
upon the faces of the nucleus. Secondary crystal faces are those not 
parallel to the cleavages, and these are explained by supposing that the 
successive layers deposited on each face of the primary nucleus do not 
overlap p|receding layers sufficiently to yield merely an enlarged figure of 
the same shape as the nucleus, but, falling short of this in a regular 
manner, form by their boundaries planes which truncate the edges or 
corners of the enlarged figure referred to.** He points out, however, that 
since microscopic crystals have as complete a complement of faces as those 
of larger growth, the modification by which the structure acquires new faces 
must}) be an initial one, which takes place once for all, subsequent growth 
,being the result of accretion upon secondary and primary faces alike.^ 

In cases where the moUcul/ia inUgrantea are parallelepipeda this 
mapping out of secondary face directions by the edges bordering suc- 
cessive layers whefe the boundaries of added layers fall short at edges or 
comers in a regular manner, is easy to follow. In order to explain in a 
similar manner the production of new faces, -where the moUculea in- 
tigrantea are tetrahedra or triangular prisms, Haiiy regards these mole- 
cules as aggregated to form parallelepipedal groups, which he Calls 
moUevj^a aouairactivea,^^ This is, of course, merely a geometrical con- 
ception, intended to elucidate the growth of secondary faces by regular' 
decrease in extent of succeeding layers, and does not refer to any physical 
association of the moUculea hiUgrantea to form moUculea aouatrcbcHv^a ; 

* TraiU de Mineralogies Paris, 1801, i. pp. xiv and 6. * IbiA,s p. 3.0* 

* Ihid.s pp. ziv and 20, 29, and 32. * IHd.y pp. 7 and 31. * /Md., p. 6. 

* Traite de Mineralogies i. pp. 20 and 28, also p. 481. Haiiy eaya in another place : 
• La forme primitive parolt 6tre le r^saltat de la crystallisation plus parfaite dont 
un mineral soit snsceptible ; mais ce n’est pas tonjours celle qni ee rencontre le plus 
ordinairement * (I^seai d^une Theoine sur la Structure dee Cry%taid»t Paris, 1784, 

p. 60). ' ' 

TraiU de Min^ralogie, i. p. 29. Thns he considers that the primitit|[Tl|onn of 
tourmaline is a rhombohedron, but that the vuMoule iwb^grai^e Is H tetMe^u, 
which is the sixth part of such a rhombohedron (see iHd., p. 30)* 

» Ihid.s p. 34 et eeq,, also p. 286. » lUd,, p. 98. »• p. 97. 
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for the purpose of explaining the production of secondary faces, it enables 
all the structures formed by the moldculea intdgrantea to be regarded as 
composed of parallelepipedal units, ^ although these may be only geome- 
trical fictions. . 

The hexagonal structure of figs. 1 and 2 may be regarded either as 
built up of the •nwUculea intdgraniea ABC, which are triangular prisms, 
or of the moUculea aouatractivea ABDC, which are rhombic prisms of 
120® and 60®. 

The crystal may the.i be regarded as consisting of moUculea aoua- 
trcuitivea, which are parallelepiped a packed together in parallel positions 
so as to fill space (fig. 4, p. 305). 

The growth of the secondary faces by decrements consisting of whole 
numbers of the moUculea soiiatructivea loads directly to the great and ' 
fundamental Law of the nationality of Intercepts.^ (This Law will be 
referred to below under its more familiar name, the Law of Rational 
Indices.) The truth of this law Haiiy himself established by the 
measurement of a vast number of crystals, and it seemed to carry with 
it the justification of his apparently arbitrary theory of their structure. 




It will, however, be found later that an hypothesis of a more general 
character leads to the same results. 

Put concisely,, the objections to Haiiy's conclusions as to the nature of 
the ultimate particles of crystals are the following : — 

1. Haiiy Has to suppose that crystal surfaces, apparently plane, are 
actually corrugated,'^ and, if the same be admitted ivith regard to cleavage 
planes, other forms for the molecules inUgrautes than those which he 
deduces are possible. It is easy to picture a simple case in which the 
directions of cleavage would prove a fallacious guide to the determina- 
tion of the shape of the ultimate units of a, body. 

Thus suppose that a number of equal regular hexagonal prisms of 
?ome uniform material are fastened together in a close and regular manner 
by a uniform bu^we'ak cement, so that the adhesion betweqpi the prisms 
is much weaker than the cohesion of their substance. It is, then, evident 

* dS ^JUindraUgie, pp. 97 and 284. Comp. Bravais* conceptions (see* below, 

p. oOo), ♦ 

law carries with it the exclusion of two of the five regular polvhedra from 
tne forms xmssiole for crystals, Le,, of the regular pentagonal dodecahedron and the 

icosahedron (ii^icl.,p. 80). a 

See his explanation of the occurrence of secondary faces just referred to aboVe. 
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that they will most readily separate along zigzag surfaces whose mean 
transverse direction is that of normals to prism faces, in fig. 3 ; 

and, neglecting the corrugation of these cleavage surfaces, we have three 
cleavage directions AA', BB', CC', making angles of 60® with each other. 
Thus the hexagonal cleavage would result from a structure consisting of 
hexagonal prisms just as well as from one consisting of triangular prisms. 
The fact that most of the units which Haiiy obtains, whether mildcvles 
intdgrantes or molecules soustractivesy display holohedral symmetry 
shows that there is room for some Wider conception as to the ultimate 
nature of the cleavage surfaces. 

2. Some of the figures to which cleavage leads are neither paralleled 
pipeda which can be packed together as moleculea soustractives^ nor other 
figures \i'hich can be packed together as molecMles integrantea, ..The 
octaliedral cleavage of tiuor spar, for example, leads either to octahedra 
or tetrahedra not fitting closely together, but with spaces between them. 
This incompatibility of the results of the partitioning with the conception 
of uniform divisibility into identical plane- faced molcciiles indicates that 

Fig. 3. 



the moUcules integrantes as well as the moUcixles soiistractivea are mere 
geometrical abstractions ; indeed, such probably was tlio view of Haiiy 
himself. • 

3. Haiiy ’§ method is not of universal application, since in some crystals 
no cleavage planes arc discoverable. In such cases supplexfientary hypo- 
theses become requisite.^ 

Cleavage is, then, an uncertain guide to the determination of the forin 
of the ultimate particles of crystals. Nevertheless, cleavage led to, the 
discovery of the law of rational indices, and the conception of psroUole- 
pipedal units built up into a crystalline structure furnishes at any rate 
an explanation of this law, and is in accordance with most of the pirop^rties 
of crystalfif, Whether it be derived from cleavage or not. Hauy*s 
integrantea 9te even more suggestive, in the light of subsequent research, 
than his molecules aoustractives, since they reduce the problem of crystal 
structure to a problem of partitioning space into similar polyh^ra which 
are not necessarily paraller. For example, the arrangement of txdiWgulc>r 
prisms of fig. 1, which is suggested by cleavage parallel to the of an 


* Haiiy, Trait6 de Minhalogie, i. p. 27. 
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hexagonal prism, qpntains two sets of prisms differently orientated. This 
case will be hlluded to again (see p. 327). 

’ The Space-lattioe, 

We next come upon investigations based on Haiiy’s conclusions de- 
rived from cleavage, but widely differing in essential character from them, 
in which this property is found to take quite a subordinate place, and 
is treated merely as evidence of internal symmetry, the question of the shape 
of the ultimate units having sunk into insignificance. We hnd, indeed, 
that while Haiiy’s discovery of the law of ration^ indices proved to be 
an epoch-making one, his suggestions as to the imture of the ultimate 
particles, based on cleavage, came very' soon to be treated as merely 
diagrammatic, and as expressing more than is justified by the experimental 
facts. 

Without following Haiiy in his speculations and arguments, or striking 
out any new path of deduction for themselves, Weiss ^ and Mohs by 
theif well known method placed in a far clearer light the ascertained 
facts, not only those respecting outward form, but also the (mtical facts 
relating to double refraction. By this time the occurrence of many new 
varieties of symmetry had been recognised both on morphological and on 
physical evidence ; in particular the existence of the monosymmetric 
system had been established, and attempts were being made to classify the 
varieties of crystal forms according to their symmetry. 

To this period belongs the remarkable work of Hessel,''^ an investigation 
which, though published in 1830, remained overlooked until the year 
1891, when it was unearthed by Sohneke.** 

Hessel considered the general question of the possible symmetry of 
solid plane-faced figures, and then, by imposing the limitation that these 
figures should obey Haiiy’s law of rational indices, deduced the result 
that only thirty- two types pf symmetry are possible for crystals. This 
achievement is all the more surprising since, at the time when Hessel 
wrote, comparatively few of these thirty-two types had been discovered 
in nature. The same important result w^s independently rediscovered by 
Gadolin (1867), to whose methods reference will presently be made.’'* 

In the previous year (18GG) Viktor von L.ang, in his treatise on 
crystallography,'^ had very clearly laid down the principles of crystal 


* ‘De indagando formarum crystallinarum cliaractcre geometrico principal! 
dissertatio.* Lipsi», 1809. * Uebersichtliche Danrstellung der verschiedenen natur- 
lichen Abtheilungen der KrystaUisationssysteme ’ {Abhandl, d. JBerl, Ak, dAVissen^ 
•chaft, Thye. Klaase, 1814-16, pp. 289-336). 

. ‘The characters of the classes, orders, genera, and species; or, the character- 
»tics of the Natural History System of Mineralogy,* Edinburgh, 1820. Treatise on 
Mineralogy ; or the Natural History of the Mineral Kingdom (translated from the 
Oerman). Bdlntfagh, 1826. 

” Article « r: 



„ * * l^ie Entdeckung des Eintheilungsprii^cips der Krystalledurch J.F C. Hessel,’ 
JCryit, Min., 1890, xviii. 486. Comp Groth’s translation of Gadolin*s work 
^ 40 subject, Ostwald’s JKlats. d. exaktm If No. 75, p. 86. 

809. 

^ Wien, 1866. Thirty years later he shows that 

A % n??**®* tofty be obtained on the principles established in this work. 

«• men, 1896, H a, p. 362, and Ann. Phyt. Chm., 1896, Iviii. pp. 710-724. 
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symmetry, and supplied a method by which the thirty-two classes might 
have been deduced. 

About the time of Hessel’s discovery an^important change of method 
was introduced by Seeber,* who did not, like Haiiy, consider the form of 
the constituent particles, but confined his attention to the relative situa* 
tions of the centres of these particles. According to him the molecules, 
which he supposes always to be arranged to form a parallelepipedal net- 
work, ait separated from each other by intervening spaces. Much the 
same ideas were shortly afterwards put forwfwd by jDelafosse,® who, like 
Seeber, regarded crystals as consisting of molecules regularly arranged in 
this manner, but ncll; in contact. The following quotation shows that 
the latter uses the property of cleavage merely as ah evidence of the 
existence of uniform internal symmetry : — 

‘ Indeed, from the possibility of a cleavage in one particular plane 
direction, we can only conclude that the molecules of the crystal, 45on- 
sidered as material points, are distributed on a series of parallel planes ; » 
if there ai-e two more cleavages in two now directions we deducejr as a 
probable consequence, that the molecules must be situated in a uniform 
and symmetrical manner, having their centres of gravity at the points of 
intersection of these series of parallel planes, and thus present . . . the 
picture of a lattice with parallel figured meshes. The molecules make up, 
indifferent directions, rectilinear and pai-allel threads, in each of which their 
centres of gravity are equidistant. Those threads on the same plane are 
at equal distances from one another. . . . What Haiiy considers as the 
dimensions of this hypothetical molecule are nothing more than the inter 
vals which sei)arate the real molecules in the directions of the edges or 
axes of the primitive form.’ ^ 

Wollaston^ while, like Hooke, suggesting , the presence of spherical 
molecules, had already remarked that, in place of ^ the spheres, mathe- 
matical points endowed with forces of attraction and repulsion can be 
postulated ; Brewster,'^ Daiia,^ and Forster ^ employed very similar 
conceptions. ^ 

We see,^then, that while ^.peculations as td the forms of the ultimate 
particles are soon lost sight of, the geometrical idea which survives and is 
held in common by various investigators is* that crystal structure comists 
in the similar repetition throughout space of identical tinits without regard 
to their shape or constitution. The question of the form of the ultimate 
units of crystals, however interesting, has no essential place in a general 
investigation which seeks to discover the various ways in which ultimate 
parts may be uniformly repeated, t.c., an inquiry into the various t;^es of 
homogeneous structure. The purely geometrical investigation is one 
which takes no account of the nature of the physical and chemical 
characters of crystals, but nevertheless it is one of the greatest import- 
ance even from the physical and chemical point of view^as will be seen 
subsequently. 

* ‘Versuch einer Erklurunp: des innern Baues der feSten Kdrper'ita Gilbert’s 

.4 1824, Jxxvi, pp. 229-248. *■" , 

‘ Recherches sur la cristallisation cnnsid<3r6e sous les rapports physiques et 
maih^ms^^qncs,' Miim. prfMntces pm* diters savants ^ VAc(tdim,Itoy, di Sdiehc,de 
VlvM, de Francs, 1843, viii. pp. 641-690. ^ • 

a Xbid,,v 649. 

♦ mu. Tram,, 1813, pp. 61-63. » lhiA„ 1830, pp. \ 

® Silliman’s American Jenrnal, 1886, Series 1, xxx. pp. 276, 296, 

’ mu, Mag,, 1866, Series 4, x. pp. 108-116. • ' 
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The geiior.'il problem of the symmetrical space arrangements available 
for crystals was at first supposed to be a comparatively simple one. 
Solmcke remarks * that all the various extensions of Haiiy^s theory put 
forward by the writers above referred to led to the same conclusion, viz., 
that the arrangement of the middle points of the crystal elements is that 
of a parallel Icpipeclal network or ‘space-lattice* (Raurngitter),*-* such as 
that shown in fig. 4. 

Ill this simple guise the problem was dealt with exhaustively by 
M. L. Frankenheim, who investigated the different kinds of parallelepi- 
pedal networks of points (Kaumgitter) pf)ssible in order to ascertain 
whether these correspond to tlie various types of symmetry presented by 
crystals.^ He did not, however, at first furnish any rigid proof, and his 
classification of the various kinds of symmetry presented is not perfectly 
satisfactoiy : he described fifteen forms as distinct from each other, whereas 
ill fact there are but fourteen, as was afterwards shown by Bravais. He 
states explicitly that the inquiry is founded solely on the symmetrical 
arrangement in i pace of the ultimate particles, and is not based on con- 
siderations of the rmigiiitude or the shape of these particles, be they 

Fic. I. 



phino-faccd like small crystals or rounded ; solwl spheres or hollow coin- 
l>iessible shells ; or, indeed, more centres of force. For the purpose of 
comparison with the fifteen geometrical systems of points which he has 
discriminated he classifies crystals into fifteen systems by taking note of 
differences hi cleavoije direction as well as of diflerences of crystal form. 

The obvious objection to Frankenheim*s treatment of the subject is 
that unless some appropriate configuration be attributed to the particles — 
and this he expres.sly disclaims — no hemihedral or heinimorphous forms 
are accounted for ; and yet, as pointed out by Dclafossc, there is no more 
justification for regarding these forms as subsidiary than for so regarding 
the holohedral forms. 

But none the less the ‘solution of the problem of the possible varieties 
of space lattices, and the establishment of the fact that in their symmetry 
they correspond to the systems of crystals, marks a very important advance 
in the theory of crystal structure. 


* Sohneke, JCntmicltcUinn einer Theorie tier KrystiilUtTuhtur^ p. 17. 

^ See above, p. 304. 

Am- dvr CohflsioVf llreslait, 1835; also ‘System «ler Cryslalle * in 

llOOl ^^^l^^^dino Carolintc iVief. 6Vr., 1842, Xix. (2), pp. 471-C)(»0. 
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Brava lift 

A few years later, Frankcnheiin s i^eoniotricul iiivesti/vation was sup- 
plied with rigid jiroofs the elegance and clearness of whicli liave excited 
much admiration. These proofs were the work of Auguste Bravais,^ who, 
moreover, enlarged the scope of the inquiry, and, not confining himself to 
ascertaining the possible varieties of parallelepipedal arrangement of the 
centres of the ultimate units, proceeded to determine tho further varieties 
of symmetry which can bo discriminated by taking into account tho 
individual symmetry of these units, i,r,, of the l^ypothetical atomic group- 
ings to which attention hail previously been directed by Delafosse. His 
work constitutes the first littempt to make a rigid exhaustive investigation 
of all the difiereut types or varieties of symmetry obtainable by arranging 
similar bodies or units in space, in a perfectly uniform manner in every 
possible way. 

Basing liis arguments on the homologous nature of parallel lines in a 
crystal, and the consequent possibility of distinguishing in it space-units 
wdiich are all alike and all similarly situated, and similarly orientaiedy^ 
Bravais, like Haiiy, regards every crystal as made up of similar poly- 
hedral units or molecules •* thus placed, and puts forward what purports 
to be a perfectly general treatment of the subject, independent of any hypo- 
thesis as to the actual nature of the polyhedral units. He makes, however, 
the necessary assimiption that these units have a sulliciently symmetrical 
shape or configuration to be compatible wdtli the general symmetry of the 
system which they constitute. For example, tetrahedral particles placed 
to form a cubical space-lattice and appropriately orientated will present 
a type of symmetry belonging to the regular system, but particles whose 
figure is a hexagonal prism cannot be thus arranged to belong to this 
system. As a secondary matter, adopting the suggestion of Delafosse, he 
regards each polyhedron as an actual crystal molecule made up of con- 
stituent atoms. It may be noted that this supposition implies a more 
intimate relation bet>vecn the homologous parts of the same unit {poly' 
tdrr) than subsists between the homologous parts of contiguous units, 
whereas Haiiy 's theory oidy -^eally requires that the mass shall be 
yeometricall y divisible into similar and similarly orientated units {mole- 
cities sonstrarfires) which may or may not be physical molecules. In 
fig. tl, for example, the coll ABCD may ropros(jnt a molecule, or the 
molecules may be supposed to be situated at the points A, B, C, D. 

Bravais then discriminates between tho symmetry due to the arrange- 
ment of the centres in a set of similar bodies, or crystal molecules, having 
a uniform disposition and orientation, and tlui individual symmetry of the 
bodies or molecules, and traces the influence of the latter on the symmetry 
of the assemblage. Thus he discusses separately : — 

1. The variety of types of homogeneous ‘assemblages' possible, an 
assemblage coiisi.sting of mathematical points each of which is surrounded 
identically by the assemVflage as a whole supposed infinitely extended, 
and this identity extending to the relative orientation. 

* Bnivais’ first step was to consider the regular disposition oE similar points on a 
plane, an inquiry to whicli ho was led by observing the regular arrangement of 
similar parts in iilants {Compt. Ibrnd., 1848, xxvii. pp. 601-604). 

* ‘ M6moire sul* les systdmes formas par dcs points distriba6s r^guKdrement sur 

an jdan ou dans Journ. do. V Ernie Bolytreh., Paris, 1850, xix. p. 127; also 

• fitudcsCristallographiques,’ Jmirii. de V EeoU Polytech., Paris, 1851, xx. pp. 102 and 

97. ® Corresponding to the vtnUcuhs sountractivcs of llauy. ^ €/• p. 310. 
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The assemblage of Bravais is therefore clearly identical with the 
parallelepipedal network of points already referred to, which had been 
investigated by Frankenhciin.* 

2. Tlie niodilications of these types of symmetry which are introduced 
by employing, in place of the points, symmetrical figures {polyedres) 
possessing a symmetry less than that of the parallelepipedal network,^^ 
though compatible with it — e.^., by forming a ctdnc network of tetrahedral 
particles similarly and appropriately orientated. 

Thus in following Bra\ ais’ arguments with regard to assemblages we 
note that, as a rule, he ignores for the moment any modifying or destruc- 
tive effect (jxerted by the shape of the units {poLyhirea) on the elements 
of symmetry.-* lie first treats a system as consisting only of the centres 
of the units, and after the elements of symmetry of the system thus re- 
garded have been established, he considers the effect of the shape of the 
units ; ^ this comes out in his definition of ‘ faces de meme espece.' He 
says : * We will distinguish by the term, faces of the same kind, as we 
have done in the theory of assemblages, those which can be brought into 
coincidence, row on row, by a suitable rotation or translation, the coin- 
cidence of the faces including with it that of the assemblages. If, more- 
over, the coincidence includes also that of, the molecular polyhedra 
which may be supposed to lie on the planes of those faces and to par- 
ticipate in their movements, we may say that the faces are of the same 
kind, and, moreover, identical.’ ** The bodies employed as units have 
in every case uniform orientation and one which is as symmetrical as 
possible. 

As to the number of kinds of symmetrical arrangement possible 
included under the first head, he says ; ‘ The degree of symmetry of 
an assemblage is chamcterjsed by the number of the axes of symmetry 
which it possesses, the order of the symmetry of these axes and their 
relative situation.’ ** As stated above, ho distinguishes fourteen forms, 
and assigns these to seven classes or systems, according to the number 
and nature of the axes of symmetry which pass through a given node 
(nmmV) or point of the space-lattice.* 'The anorthic space-lattice of 
lig. 4: possesses only centro-symmetry ; if its angles were all right 
angles it would pos.sess the symmetry of the ortho-rhombic system ; 
if, in addition, its edges were etpial it would be a cubic lattice. The 
similar bodies arc called by J3ravais in his later work polyhedra 
( polyedres ) ; in his earlier work on point-systenis he speaks of them as 
summits (so?nmets), and suggests that for convenience of tliought they bo 
regarded as having some small dimensions. Their size and shape are, 
however, in this work generally kept in abeyance, although, before 
concluding, he refers to the important effects of their shape or composite 
structure in producing liemihedral and other partial forms.® Indeed, 
according to Bravais’ view, the symmetry of the assemblage is actually 
determined by that of the molecule or unit.** 

* ^tia/es CrhtalWgraphiqvcSy p. 103. * Ihid.y p. 194. * Ihid.^ p. 103. 

* This method haa been pushed to its extreme by Wultf and Bhislus. Comp, 

ochonllies, KrystalUysteme «. KrystaUstructurj p. 320. • 

* Etudes CristalLgrapliiqves^ p. 106. ® Ibid.^ p. 104. 

’ Compt. Rcnd,^ 1340, xxix p. 135. 

- ^bid.^ xxvii. p. 603. Comp. Joum, dc VlScole rolyUchnignc^ 1850, xix. p. 

t Etudes CristallograpMqueSy x>. 103. 

Etudes CristalhgrapMqucs^ p. 202, 
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The (leHnite character of the arrangement of tlic parts in the individual 
unit he expresses thus ; ‘The geometrical arrangement of the constituent 
atoms is tlie same lound the centre of gravity of each molecule.' He 
adds : ‘This last hypothesis is necessary for the ex})lanation of the 
phononv'iia of isomerism.' ^ As a result of the rigidity, or fixed relation- 
ship, wiiich Kravais attrihutes to the parts of his molecule, the arranging 
process of ciystallisation is regarded by him as partly consisting in the 
rotation of the molecules in such a way as to bring about their uniform 
orientation.- v 

III his study of homogeneous assemblages of points I'ravais used the 
mathematical ct^nception of a coincidence movement (the DrckbeweQinifj 
of tJerman authors), whi<*h is now .so universaliy employed in studying 
the syininetry of a system of points. llej supposes each point of a 
plane of points to consist of two which coiiuach*, and then regards one 
.set (»f points as movable, the other set as fixed. A iiiovement of the 
forniei- set which in-ings it to coincidence with the latter, point by point, 
but which shifts the position of some or all of the movable points, is a 
coincidence inoveinent. * ilis method practically consists of a study of the 
possible vai h ties of axes of symmetry and the possible ways in which they 
can exist in a system whose various parts can be derived from each other 
by movements of translation. 

Tin.' paralh'lcpi pedal nature of tlie as.semblage results from tlie fact 
that it jiosses.ses movements <»f translation as one sort of coincidence 
iiioveiiients ; the classilicatioii of assemblages according to their symnietry 
is etlccted liy considering the various ways in which their parts may be 
derived from each otlicr by a second sort of coincidence movement- - 
rotation about axes of two-, three*, four-, or six-fold symnietry, which 
alone arc po.ssil)le in such an a.s.sembhige. 

The most general form of coincid<*nce movement is a screw spiral,* 
but such a mov(?ment is not employed by Bravais, and, indeed, had not 
been iuti*oduc(Ml at this period. 

Ibavai.s, ’ like Haiiy, Delafosse, and Frankenheim, attempts to make 
cleavage' throw light on the iiKture of the internal symmetry prevailing 
in ceriaiii cry.stals,'' and thus toa.ssigii particular crystals to a precise type 
of internal symmetry. Having pruved that in the space-lattice some 
j)lanes of points aix; more densedy packed with points than others, and are 
at the >ame line' inoi e widely separated from the adjacent parallel planes, 
liravais .sliows liow tlie lelative. density of tlie planes may be calculated. 
He then .suggests that there is a connection between the relative density 
of aggregation of the centres in the tUlI’erent plane.s drawn in various 
directions, and ill ^ prod isjiosition manifested in crystals to select certain 
planer directions for tlieir boundaries. 

A pundy niatliematical investigation in taking account of all possible 
types of internal .syiiiiiietry iiaturally does not indicate why one type 
.sliould be more prevalent than another. To determine this point is 
dillicult ; indeed, it will probably be impossible till the types of internal 

* Etudes Cristallfldraj/hiqucs, p. 101. For a suggestion that the poles of force to 

which polarity is dac a»e the constituent atoms deliiiittdy placed with respect to one 
another sec ihid.^ p. IJM. * I hid., p. 107. 

^ Jnuru. de I'Juude Pohjteclirdq'ue, 1850, xi.x. pp. 8, 20, .'12, .57, 08. Cf- Sohneke’s 
de/iijitKiJi of ‘ Jlcftkimg’ in Enticickeluug cincr Thcorie dvr Knjstallstructur, p. 28. 

* .See below, p. .’111. 

* Etudes Cristallogmqdtiques, p. 202. * Ihid,, p. ZG7. 
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symmetry to wliich particular crystals belong can be asoej'taincd with 
more certainty than at present. Some generalisations on the subject were, 
however, put forward hy Jiravais,* Avliicli, though evidently not intended 
to form part of his rigid argument, being indeed little more than specula- 
tion, are interesting and suggestive. Thus he says : ‘ We can imagine 
from what precedes how the structure of the molecular polyhedron reacts 
on that of the crystal and determines the choice *)f the system . . . we 
may conclude that the molecular polyhedron is symmetrical, and that its 
elements of symmetry, te.iding to pass to the corresponding assemblage, 
determiiK? the structure of it.*- 

With llravais* exhaustive study of the properties of the space-lattice 
a very important chapter in the history of the theories of crystal structure 
is closed. Those who hold that the a‘olotropic homogeneity and symmetry 
of a crystal are only to be accounted for by a uniform distribution of 
same way-orientated molecules or molecular groups must always take 
their .stand upon the work of Bravais. Further, the knowledge of the 
properties of tlie space- lattice tirst provides a .single principle capable 
explaining at the .same time the Jaw of rational indices, tlie liomogeneity 
of a cry.«tal and the main features of crystalline symriiotry ; foi* not only 
ai-e the fourteen lattices all homogeneous, and their planes si sy.stein of 
crystalline planes, hut each of them presents the .symmetr}' cliaracteristic 
of one of the cry.stal systems. 

It mu.st, however, l)o remarked that systems of symmetrical repetition 
exist which obey the law of rational indices, and are therefore possible 
for crystals, but to whose elucidation the method of Bravais does not 
apply. One of the.se .systems is described later (p. 314, lig. o), and, as 
will be seen, some of his conclusions are inapplicable to types of this 
nature. , 

The name of Axel (ladolin^ is pre-eminently a.ssociated with the very 
important work of deducing the existence of thirty-two types of crystal 
symmetry from the law of rational indices alone, although, as already 
remarked, the discovery of these types had been achieved by Hessel many 
years before.^ The arguments used by «Gadolin, and, indeed, tho.se of 
Hessel also, purport to deal only with the external form, and thus theii* 
bearing on crystal structure is not direct. Nevertheless the great import- 
ance of the work in (piestioii as corroborati\’e evidence of the existence of 
a molecular structure wdll he perceived when it is seen, as will he showTi 
presently, that, wdiatever view be held w’ith regard to the structure of a 
crystal, the snace- lattice, jukI therefore also the rationality of indices, 
must form the basis of the structure ; indeed, the discovery of the latter 
Was the immediate outcome of Hairy ’s concept of a uniformly rt'peated 
molecular structure in crystals. Gadolin himself points out that his proof 
fails to ho (juite general on account, of a certain peculiar case of pseudo- 
frigoiial symmetry,'* whicli has suksequently been the subject of much dis- 
cu.ssioii.'* It has been held that for this reason vro are driven to base the 


3 Crist aUotjrapIdtpu'g, p. 203. - Ihid.^ pp. 203, 204. 

^ ‘ IVIemoirc sur la deduction d'lin seal principe de tons Ics systcines crisiallo- 

paphiques avec leur subdivisions/ Acta Sor. SHcnt. F*fnnic(f\ ISGT, vol. i.x. pp. 1-71, 
and separately, Helsingfors, 1871, tran.slated by Uroth in Osiwald’s Kiassiher tier 
riPaiitm WissensviM/ten, No. 75. 

g above, p. 303. » ‘ Meinoire sur la dMuction,’ &c., p. 50. 

isnr IVfiriir. d, K. Ges. d. H'm. Gotti ngen^ 1802, pp. 230-247 ; Xvvvs Jahrk.^ 

• ’ \-)» pp. 248-252 ; Fpdorow, An^st. Alin., 1805, vol, xxiv.pp. 244 and 007 
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deduction of the thirty-two classesdirectly on the existence of a homogeneous 
molecular structure and not upon morphological considerations alone. 
Yet it must bo confessed that the various possible types of crystal sym- 
metry were clearly and completely laid down by the morphologists without 
any further speculation regarding structure than is necessitated by Haiiy’s 
law, and that every successive adv'ance in the sti’ucture theories has been 
guided or corrected by the knowledge so obtained. 

The Principle of Stpmnefrical liopeti*ion in Space, 

Shortly after the publioatit)n by Bravais of Jus elaborate and elegant 
work, a new departure was made in the elucidation of homogeneity of 
structure, the importance of which can scarcely be overrated. 

The first step was taken by Chr. Wiener,^ who laid down the principle 
tliat regulai’ity in the arrangement of identical atoms is presented when 
every atom has the remaining atoms arranged about it in the same 
manner ; - thus making homogeneity depend primarily on the continual 
repetition throughout space of the same relation between an element and 
the entire structure, regarded as unlimited, instead of laying stress on 
samew'ay orientation.^ The principle adopted by Wiener, when employed 
in all its generality, leads to an adequate classification, according to their 
symmetry, of all cases of identical repetition throughout space whatever."* 
The possibility of partitioning a homogeneous structure into similar 
same way -orientated parts whose centres form a parallelepipedal lattice 
must always be the important property which enables us to trace to its 
source Haiiy’s great law of the rationality of indices ; but this possibility 
is only a collateral fact when Wiener’s principle is discussed ; indeed, the 
carrying out of such a partitioning, while always possible,'* often compli- 
cates instead of simplifying matters so far as the symmetry is concerned.^ 
The problem to be solved, presented in its most general form, is not even 
to find under what conditions the separation of the structure into similar 
composite units of any sort can take place, but simply the analysis of the 
nature of the repetition in space of the similar parts. 

Jordan, 

Although Wiener made some interesting applications of his principle 
and described several kinds of symmetrical repetition in space which are 
examples of it, he did not deal with the subject exhaustively ; the solution 
of the general problem was effected by Camille Jordan in a memoir the 
title of which contains no reference to homogeneity or to crystals. ** This 
mathematician has furnished a perfectly general method of defining the 
regular repetition in space of identical parts, and has shown that the typical 
cases of such repetition arc limited in number, lie points out that, when 


Viola, ihid.y 1890, vol. xxvi. p. 12H, and 1897, xxvii. pp. 399-405 ; De Rouza-Rrandfio, 
ZcHs. Kryst. Min., 1894, vol. xxiii. pp, 219-258, and 1897, vol. xxvii. pp. 545-555 ; 
Barlow, Phil. May., 1901, series 0, vol. i. p. 3. 

* Pie GrunOziiye der Welt ordn any, Leipzig and Heidelberg^ 1809. 

® * Die Regclrrliis^•igkeit fiiidet, dann stall, wenn jedcs Atom die anderen Atome in 
ubereinstirnmender Weiso um sich gcslellt hat,’ ihid.t p. 82. 

®-Cf. Min. Mag., 1896, vol. xi. p. 119 < See below, p. 321. 

® Solincke’s Entwichelung idncr Thctrrie der KrystallidvuTitnr, p. 207. 

^ £rystallsysteme nnd Krystalhtructur, p. 300. Comp. Phil. Mag., 1901, Bories 6, 
vol. i. p. 19. • » Comp. Mi7h. Mag., 1896, vol. xi. p. 125. 

* *J\15moirc sur les Groupes de Mouvements.’ Amiali di niatemf^tica pVTd 
a^plicata, JlliJano, 1869, series 2, vol. ii. pp. 167 2J5, 322- 316* 
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identical repetition of its parts is exhibited by any mechanical or geo- 
metrical rigid system, this system iKiing, in some of tbe cases, supposed 
infinitely extended in every direction, a certain definite series or group of 
correlated movements may be employed, each term of which is a movement 
of such a nature that, while the system is actually shifted by it, the appear- 
ance after the movement has taken place is absolutely unchanged, every 
point moved being caused to travel to the place previously occupied by 
some homologous point. ^ The fundamental condition that such a group 
of movements may exist is that homologous parts everywhere bear an 
identical relation to the system as a whole ; the members of the group 
are so related that every individual movement may be regarded as the 
resultant of some two or more movements also belonging to the group.^ 

While it is always found possible to partition any system of this kind, 
in which the repetitions are continually repeated in every direction, in 
such a way that the units obtained are all alike and samaway-oriontatp.rl^ 
a» hi Brnvais' systems,^ the latter property is, as has been said, but a 
secondary one, ar.l not of the nature of a definition, the condition stated 
above constituting a definition complete in itself. A homogeneous struc- 
ture can thus be classed according to the type of the infinite group of 
coincidence movements which connect all its homologous parts. 

The obvious advantage of this method of dealing with homogeneity is 
its complete generality — that it requires no further limitation of the 
nature of the homogeneous structure than that which prescribes the kind 
of repetition presented by its homologous parts.* Thus if molecules of n. 
certain individual symmetry with a relative space-lattice arrangement of 
some kind are postulated, after the manner of Bravais and others, Jordan’s 
method, unlike Bravai.s’, deals in one process both with the symmetry of 
the individual, so far as fliis alFects the general symmetry, and also with 
the symmetry of arrangement. All possible molecular theories of crystals 
can alike be subjected to Jordan’s method, and it is independent of 
them all. 

The following is the course of Jordan’s argument : — After reminding 
his readers that every movement of a solid bo(ly in space can be regarded 
as a screw-spiral movement, he remarks that such a movement is fully 
known when we are given — 

1. The situation in space of the axis of rotation A, which has also the 
direction of translation. 

2. The angle T, through which the solid is turned about the axis. 

3. The longitudinal displacement t, to which the body is subjected in 
the direction of the axis. 

He then observes that the displacement produced by two or more 
suchmovemenfs made successively can also be produced by a single screw- 
spiral movement of some kind ; and the resultant of a number of move- 
ments successively made can bo definitely expressed in the terms just laid 
down if the expressions for the component movements are known. 

Jordan next proceeds to point out that, a few movements being given, 

is possible to arrive at all the various movements or displacements 

’ For a definition of a coincidence movement see Solincke's JJnin-icJiclung einei 
^^rie dcr KryntalUtruktnr^ p. ‘2S, or Min. Mag.. 1896, vol. xi. p. 125, note 3, Comp, 
ochor.flles, KryitalUyntemc mtd Knjutalhiruciur, p. 54. 

Schonflies, Krystallsy»temc und Kryatalhtructnr^ pp. 266 and 359. 

“ See above, p. 306. 

(y* Schdnfiies, KrystalUysteinc wid KrystaUstrnctur, p. 44, par. 9. 
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obtainable by coinbinin»y (heso given iiiovemonts executed successively any 
iiiunber of times in any oi’der whatever. Of (j roups of mov ements arrived 
at in this way, some are of a finite chanicter, and some contain movements 
infinitely small ; the remaining kind — those which consist of movements 
whose loci extend infinitely throughout space in every direction, and 
which are none of them infinitely small as compared with the others - 
comprise, as was subsequently pc'rceived,' all those that are available for 
the production or definition of homogeneous structures which display the 
symmetry of crystals. - 

The movements belonging to an infinite group of movements, like any 
individual movement, can be completely delined by reference to certain 
axes of rotation and directions of translation ; but for the sake of per- 
spicuity it is desirable to place a number of similar particles or bodies in 
all the positions, throughout soim^ considerable space, to which one of 
them would be moved by the various movenuMits constituting th(j group. 
When this is done the kind of symmetry presented by the system formed 
of the group of movements can bo readily perceived, “ •'^“d at the same 
time the nature of the parts repeated can be left an open ({uestioii. 

If it be desi»-ed by the crystal lograplit'r to find in a given homogeneous 
system a complete set of identical planes by means of the group of move- 
ments proper to the system, the following course may lx; adopted. 

Take three points — A, ]>, C — whose identical relation to the system 
is such that the aspect of the unlimited structure is the same and presants 
the same orientation viewed from each of them, and let their distances 
apart be not great as compared with the minimum distances separating 
homologous parts of the structure. The repeated carrying out of the 
three translations — AB, BC, C A in botli directions —will locate an infini- 
tude of points lying in the plane of the three points, and all having 
precisely the same relation to the structure as that presented for the latter. 
This plane may therefore be designated a honiorpmeons planr;^ and since 
the translations of the structure are not infinitesimal, it is easy to j>rove 
that a plane so situated will obey the law of the rationality of indices 
when referred to axes whicli pass through strings of identical points.'* 
When such a plane is subjected to the various coincidence-movements 
constituting the group characteristic of tlio structure, an infinite set of 
planes is found, which all have an identical relation to the structure. 
The number of different orientations presented by the planes is limited. 

Sohtwkc. 

The treatment of homogeneity of structure by Jordan’s method leads 
to a classification which discriminates the various types of identical 

* See below, p. :U5. Cf. Krysfalhysteme u. Krystalhtructur, jip. o(50 and ij3(» ; 
also see .above, note 3, p. 298. 

* It is interesting to notice that Jordan does not appear to have regarded his 
work as throwing any fresh light on crystal structure, but treats Rravais’ work as 
complete in this direction. He says: ‘M. Bravais has studied this question; the 
particular cases which he has discussed, and of which he lias ..ii'ide a remarkable 
application to crystallography, are the most important. Nevertheless I believe 
there is .at the present time some interest in treating the problem quite generally.’ 
{Menwire sur les Grovpes dc MonvevienU^ p. 108.) 

* See Mvn. Mag.^ 1890, xi. p. 119, and see below, p. 3.33. 

^ See Phil, Mag., 1901, .series 0, i. p. 19. 

* The hypothesis with regard to crystals is that their faces lie in homogeneoua 

planes, »Scc Bravai.s, Cryntallographiguea, p. 103. 
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repofcition of poS'.iblo parts, oi';]i lypn liavin;' its own clmrcaotonstio group 
of ooincideiico-movorncnts. Joi*daii, hownvor, left his work inconiploto 
and omitted many of tlio typos, which were suhscHjuoiitly discovered by 
ISohnokc, to whom refonmco must next bo made. 

The important beariii" of Jordan’s work on crystal structure seems to 
liave b(*on entirely ovorlookfid until the publication of the widely influential 
works of J>onhard Sohneko.^ This writer, emjdoying W'hmor’s principle 
and using Jordan’s methofl to discover whnt variety of typos of symmetry 
can exist in systems produ ced by the identical repetition of finite parts or 
atoms-'* throughout space, olitains what Ik; calls a ‘ regular point-system,’ 
which ho thus defines : ‘ A regular ])cint- system is one in which tho 
pencils of lines drawn from each point of the system to all tho remainder 
arc congruent with each either.’ * These system.s, if classified according 
to the position and nature of their axes of symmetry (whether screw-axes 
or axes of rotation), an; sixty-live * in number. They may conveniently he 
designated ‘ Sohneko systems.’ 

A Sohneko system then consists of ti homogeneous assemblage of 
points symmetrically and identicall}' arranged about axes of symmetry, 
and these may he screw-axes siieli that the points surroufid them in a 
spiral arrangement. Jt might at first sight appear that the latter are 
inconsistent with the law of rational indi<-es. Since, however, among 
tli(; coincidence-mov(*ments of the system (he translations and rotations 
proper to some spaeo-lat tiee an; always present, it maybe proved that 
a Sohneke-system consists in gemu’al of two or more congruent space- 
lattices which int(‘rpenetrat('. ’J’he translation movements of theSohneke- 
system are those which are common to tho constituent spaec-lattices. 

' ‘ OruppiiMing (ler Molekiile in <lcn Krystal Ion : oino thooretisebo Ableitnng fior 
Krystallsysteirjo,’ yV////. . I l.S<57, <*xxxii. 7 "> ; ‘ Din nnbrgr. regnlin. l*uLk<syslcni(i 
als (rnindl. c. 'rbenrii' der Krv.stallslruetur,’ ]'rr/t. /fatttnr. IV/*. Ko rhnihf, 187t> (7); 

‘ Ziininkweis. o. Kinwurfs gcg. d. nniin 'I'boor. d. Krystallstriict.,’ 11 it d. Aini.^ INTU, 
vi. {jl"); ‘ Ableil ung d. (irundgrs. d. Krvstnllsys. a. d. Tbnor. d. Krystallstructur,’ 
i//., 1882, xvi. -ISU. aiul lV/7/. Haiunr. IV/*. Karl.-iruhe, 1882 (!>) • ‘ Kb'mcntarr< 
Nachwnis riner KigiMiscb. ])arallcli'|>. riinktsy.'^tvtrne,’ Krif,d. J//7/., 1888, xiii. 
20'.); * Kntwie.kolung einer Tbeovie der Krysiallstruktur.’ Leipzig, 1870; ‘ Cbe- 
SpaltangsIliicbeM und iiatrirliclio Kiystalbliiclu'n/ ZeitK. Artfst. Mi».^ 1888, xiii. 
211-235; ‘ Er\Veit(*ruiig <U*r Tbeorio dt-r KrystaUe.* /7/., 18SS, xiv. 42))-110 ; ‘l)i- 
Entdeckiing dt*s Einlbi‘ibiTigsprin< ip.s diT Kry.'^tallo diirch J. F (’. Ilossel,’ /V/., 1800, 
xviii. •18()-1‘)8: ‘Die Struct ur der optisc;h drelienflcn Krystallc',’ v7/., 1801, xix. 
520-550; ‘Die Striictur del* lieiinnun-ph-lieniii-driscben, bezw. tctartoediiscben 
drohenden Kry.stallo,’ ///., ISOO, xxv. 520-5.30. 

Solinck(;, speaking of ld.s own principal treatise, says: ‘ ^fan findot bier die 
ganze Mannigfaitigkeit der iiberbaupt inoglieheii Kristalistniktiirfornicn aus einem 
cinzigen 1‘rincij), niindicb aus dem selbstvorstiindlielieii (Irundsatze von der regel- 
nwissigeii Anoidnung, auf streng niatbein.atiseheni Wege abgeleitct ’ {Knt)vlc1iclu)Hj 
emer Theorle, dvr Krystnllidf'uld nr, Vorwort, p. iii). 

® /ft. p. iii; also p. 20: ‘Alit. IVnutzung des Gnindgcdankens der Jordan’sehen 
Metliode, aben* mit Weglasssuntr alles des.‘«en, was nieht direkten llezug ziir Krj’.-^tall- 
striiktur hat, sind mm im Folgciiden alb; iiberbanpt miigliclien regelmiissigen 
Funktsystemo von unbegrenztc;r Ausdeliniing abgeleiiet und somit alio deiikbarcn 
btrukturformen kryfflaliisirter Kdrper crmittolt.’ And later, p. 20; ‘. . . die 
verschiedenen Artcn von Deckbewegungen als Eintheihingsgrund fiir die rcgcl- 
niassigen Piinktsystomc dicnen.* He employs some well known kinematic prcj^osi- 
tions relating to rigid systems to aid him in arriving at bis results. 

* /ft., p. 28. 

** In his principal Work, I>ie AlntmrMung, &c., Sohneke describes sixty-six 
>pcs, but su))sequently coneludes that there arc but sixty-five, Nos. 0 and 13 of his 
l^ysteips beipg the same type. Kri/st, *!//«., 1888, vol. xiy. p. -123. 
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Hence the points of tlio Sohneke- system may always bo f^rouped together 
in sets such that the centres of gravity of tlie sets constitute some space- 
lattice. The law of rational indices is, therefon*, applicable to a Sohncke- 
systom as well as to the sjvice-latticc. 

Fig. T), for example, represents a Soluicke-system of points possessing 
screw-axes of hexagonal symmetry at Ih H (No. 40 of Sohncke*s 
treatise). A point is brought into ooineideneo with a neighbouring 
point by giving the systmn a rotation of OO^’ about one of these axes, 
accompanied by a translation along the axis. 

If every set of six points, such asc,, e/, r./, c.,', be regarded as 

grouped about a single point at their centre of gra\’ity, y, the Sohneke- 
system of tig. 5 can be treated as composed of groups of six p(»iiits whose 
centres form the space-lattice of fig. d, in which the points all lie at equal 
intervals on straiglit lines.* (The lattice of tig. 0, like that of tig. 2, 
possesses trigonal axes.) The ^ohneke-system may therefore be regarded 


Fig. 5. 



as consisting of six similar lattices constructed from r,, c. 2 , c/, > 

the planes whose directions are given by any such points as /?, y, e form 
a crystalline system of pianos which obey the law of rational indices. 
They may, therefore, be takem to represent the faces of the crystal. 

In such systems, and in others to be descrilxjd below, it must be 
remembered that the pf)int.s of the figure may repre.sent merely liomologous 
points in the material of which tlui crystal consists, whatever may bo 
the nature of that material ; it is not necessary to rega.rcl them’ as repre- 
senting atoms or molecules, or as presupposing anything relating to 
at^ms or molecules. 

* A lattice formed of points vertically Tnidw.ay between the points of the one 
figure applies equally well, since the points of the Sohneke-system can just as 
symmetrically be allotted to form groups having these other points as centres. 
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Further, it must be noted that the system of coincidence-movements 
of hg. not necessarily possess any planes of symmetry. The mere 

Sohneke-system of points or a system of sphei’es placed at the points of 
fig. 5 would possess planes of symmetry, but a parallel system of un- 
symnietrical pear-shaped bodies would not. 

The application of Jhavais’ method to a system of this kind is incon- 
venient becausci it is impossible to partition it into identicfil same- way 
orientated units of any kind 'irithout Unn^rUuj the. ^ipimu'inj hy the art of 
partition tiny. Thus in tlio case in question an hexagonal axis is impos- 
sible for the unit because tlio hexagonal axes pres(fnt in the system are 
none of them nu^rc axes (»f rotation, and, therefore, the movements about 
them are incapable of bringing any conceivable unit to coincidence with 
itself. This renders souje important conclusions of Bravais inapplicable 
to such a system. Thus he argues that in all liolohedral crystals the 
molecular polyhetlra possess the same axes and planes of symmetry as 
the assemblage. Xow the system of hexagonal symmetry just described 
becomes holohedral if it consists of points or spheres lying on planes 

Fk;. G. 



drawn thronyh the ncaremi he.vttyonaf axes, and yet, as just remarked, no 
kind of partitioning can produce in it units having hexagonal axes. 

Regarded as an investigation of the total number of ways in which 
identical repetition can take place, and, tlierefore, as an investigation of 
the number of types of homogeneous structure so obtainable, Suhneke's 
work is exhaustive and complete. lie begins without any assumption 
involving knowledge of previous views or juethods, and l•igldly deduces 
the total number of types just mentioned,^ Jlis method, liowever, is not 
free from objection, since, in order to account for the thirty -two diflerent 
classes, he is, like Bravais, driven to make the symmetry of a system 
depend partly on»the arrangement of the ultimate parts or atoms Jind 
partly on the configuration of these atoms. He treats tlie parts repeated 

• 

' See ih., p. iv. : ‘ , ich die ganze Vnlersuclning, soweit sic aiif Kiystallographic 
"czug hat, selbstsiiindig von vorn anting, naturlich mit Penal zuiig des bcwubrten 
^rundgedankcus der Jordan’sehen Methode/ 
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as points or of porlVotly roi'ular (spliarioal) form, or at least 

i'^nores their polarity if they li.ivo any, ami, as a consequeiico of this 
supposed regularity of (he atoms, ln‘ atlrihutes to some of Jordan's 
systems an additional element of symmetry not tirrcssuri/i/ involved hy 
their eoineidtmee imn’miuMtts. 'J"hus lie reu^ards some of the sixty-five 
types as necessarily j)oss(*ssiii!» plant's t>f symmetry. * \\ iien, liovvever, he 

comes to speak of liemimor}dious crystals, thost* which are diflerently 
terminateil at opposite ends tif an axis of symmetry, he follows the 
examjde of I*»ravais at h*ast in his earlitM* writiiijifs and resorts to the 
supph'iiientary hyp»»lhesis that the mohvules possess polarity.- 

Tiie prohhmi which Sohneke sets Inmself to solve is, then, the con- 
struetitui oi all kinds of rei'ular /.e , hoim>geneoiisly arranged** — assem- 
l)Iages compost'd of sets of identical particles, (lie sl:ape of tJje particJ(*s 
])ein" i^^nored, or, in other wt>rds, treatt'd as tpiite regular, /.#?., sjdierieal.^ 
If ho liad sucet'edod in formin^f on tht‘se lim'S simph^ asseml)ia;^es among 
v'hivh trf^rt‘ )'» jn'r.'it nh tl aU tlu‘ thirtg-ttro r*4^s^^v.s• of crgstaJ ifyninwlnj^ Jiis 
work would Jiave been consistent with tlu‘ supposition that crystals 
consist in every case of a single kind of molccnh* wliose sliape and 
constitution are destitute of polarity, tlie symmetry of the structure bein«i; 
entirely determim'd hy tlie relativt* situations of tlu? molecules. He did 
ju)t, apparently, at any time hope to completely achieve this, for he 
r.dniitted tho mvessity of a supph'mentary hypothesis to Jiceount for 
homiimirphism ; but, save for the few i-ast's of this property, luMippears, in 
tlio first instance, to hav(' hojied to reach an adequate theory based solely 
on the relative position of the molecules, without taking account of their 
shape. 

The insufticiency of Sohnoke's earlier tlu'ory tiuit the imdecules 
are peifectly rt'gular and nil of onr kiufi, and idnificaU y rtilnUnl to tin* 
stnirtnrc as a u'hole^ was presently j)ointed out l>y several writers, among 
whom may lx* mentioned AVultF ’ and Haag,’’ the former in particular 
having called attention to the existence of certain known crystal forms, 
namely, tliosi? possessing the symmetry of tla? mineral dioj)tase, wdiich 
are Tiot foiiml i<'pre.seiite{| amoKg the sixty-tive systems. 

Sohneke himself suhsequmitly confessecl tlie imulequacy of the theory 
in question," and was led to enlarge his method. Thus, after reviewing 
.some examph\s of more generalised point-systems devi.s(’d hy Wollaston, 
'Barlow, and Haag, he su^ge.sted tho following inoditied theory : — 

Instead of regarding tlie spherical particles or points composing a 
homogeneous assenihlage as all of one kind, let a limited number of kinds 

' Xrltn. Kn/st. Mia., 1S02, vol. xx. p. 418. 

" Ji'ttf H-icLrluntj tiarr Thnn'ir, etc., f). 200. 

* See \Vi<*ntr’.s definition of homogeneity in (iruadzUfje dvr Writ or d mm p. 83 

et sry. Cf. Min. May., vol. xi. p. 120. 

* Comp. Krystalhifutvinv vnd KryxtultxtTnvfur, pp. COo, ."()(), and p. 012. Sohneke 
.says (^Xvit». Krij^t. Min., lSi»2, vol. xx.j). 452): ‘ J have alway.s (‘onMclered the elemen- 
tary partiele.s to jjossess only .'•o mucli symmetry that; \ hey do not disturb the symmetry 
of the point -.'system.’ 'J’he cflee.t of tfiis is tliat, fo far a.s thc'^eneial symmetry is 
concerned, they bohavf! ;is though they were spherical. 

* * IJcber die regel iniissigen I’linktsysteine,’ Knjst, Min.t 1888, vol. xiii. 

pp. 503 -oiw;. 

“ iJiv rvf/uliirni Kry^tallhiirpvr, Kothwcil, 1887 (sec reference in /cits. Kryst. 
Mio., 1888, \ol. xvi. p. 501). 

’ * IJenierkungcn zu Herrn WulfT’s Theoriedcr Krysta.llstruct.ur/ AVf/«^. » 

vol. xiv. 417. bee also ‘ Erwedei ung der Thcorie der Kryst allstructur,’ ^ P- 420. 
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(1, 2, 3, oi* 7i) be present, the component assemblage formed \>y each 
kind, taken by itself, being liomogeneously arranged, and all the different 
kinds posstissing identical systems of axes and having the same set of 
translations common to tliern.* 

Sohncke’s aim is, as has been said, to produce tlie requisite varieties 
of symmetry by arranging rryufar or aplurhud particles homogeneously. 
This he succeeds in doing by his enlarged method, and is now aide to 
cover the cases of hemimorphism.- Instead, however, of merely stipulating 
that the component j)oint-s;, stems shall have the same Iro ushttloiis common 
to them, and possess ichMitical systems of axes, he ought to have stipulated 
that they sliall have afl t/u‘ir roltoudeurff^morf /nfinfs in common. * 

For all the coincidence-movements which characterise the combined 
system as a whole must obviously bo obeyofl by every particle within it, 
ami it is only these mov(?ments which really belong to the component- 
systems /im/n/ iti f/tr sirtirt/trf\ In other words, if there are other 
coincidence inoveiiKUits in addition to these, wliich a set f»f points would 
have if fnh^o. oloito^ such movements must for the combined system bo 
regarded as non-existent, and oyitfj t/iosr poinfs of such n set u'HJ hare 
ideufira/ jfositions in the. entire sijstem 2vhich can he broitfjht to coincidence 
htj the sarricinff mocf ments, V.e., by those which characterise the structure 
as a whole. After making this distinction it will usually be possible to 
detect two or more different kinds of points forming two or more different 
subsidiary point-systems, which must be counted s(‘parately, as many 
systems being discriminated as there are vaiieties of position of the 
points. When this is done the various different point-systems present 
will have all their coincidence* im)vements in common, these movements 
being tlio.se characteristic of the combined .system as Ji whole. 

Reference to an exaiqple may make this clearer to those who are 
familiar with Sohneke's treatise. Let two point-systems (a and h) be 
taken, each of which, when regarded apart from the other, presents the 
same instance of type No. 2 of ISohncke, and whicli have their systems of 
axes and their translations identical ; let them be combined in such a 
way that they are sameway oiienlatcd aiid have the two sets of points 
lying in the same planes, but with llie axes distinct. See fig. 7, in which, 
to distinguish the two sy.stems, one (o) is represented in dotted lines. 
Kither system consists of a series of equidistant parallel planes, cacli 
heset with particles in the same way ; and the iliagram is om* such plane ; 
the points in the succeeding planes lie vertically helow those in the 
diagram. Then the combination thus formed nuist be regarded as con- 
sisting of four separate point-systems, not of two only, for tlie positions in 
the composite structure ociaipicd by tlic points are ot four different kinds. 
Kach of the four sets is destitute of axes ; the composite system has 
merely the syniinetry which it would have had if constructed of four 
distinct point systems, each pos.sessing the translations common to the 
two initial systems, and consisting of points lying in the same planes. 

In Sohneke^s work rigid geometrical results are closely interwoven 


Kryst. Min., 1888, vol. xiv. p. 433. Comp. v7;.. 1802, vol. xx. p. 4ZG. 
lor further applications of his method see *Z\vei Theoricii der Kry&tallstrwlur,’ 
Min., 1892, vol. xx. p. *155. 

hohneko was disposed at first to make this slipulntion, but did not poredvo its 
necessity; ho afterwards (ietiiiitoly adopted the less pieci>e one to which ohjection 
n Comp. ^cits. KnjU. Min., 1888, vol. xiv. p. Ml, and 1892, vol. xx. 
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with tliPorotic.il considerations relating to systonis of regular particles, 
and tho very title of liis principal treatise, * Mntwickfdung einer Thcorie 
dcr Krystallstniktur/ shows that ho addresses himself rather to establish- 
ing a physical theory than to the denionstration of a set of purely 
geonietric.il propositions. From the geometrical point of view, his 
investigation constitutes, as lias lu‘en said, a completion of Camille 
J ordan’s work, .already referred to : he has traced the symmetrical features 
of the v.arious inlinite groups of movements described by the latter, and 
has discovered a numi)er of .additional groups which Jordan had over- 
looked ; ^ so far his work is indisputably a mathem.atical demonstration, 
not a pl.ausible theory. Jordan’s groups of movements constitute purely 
geometrical contiginations, .and their symmetrical features are perfectly 
doHnite .and traceable irUhonI po.'ifnhrflinj thr nafnn*. of tho struotnre ivhich 
Topoats itfiotf throu'/hofft fjpfo’o it is not essential to the gt'ometrical 
reasoning that this structure shall consist of a Sohnekian assemblage of 


Fii;.7. 


cuo 

0-0 




!^^bo 

bo 

b o 

ho 

O 

o 

o 

O .. 

,P o 


A'\ : 

' o- 

o 

0 

o 

o 

O 


G 


discrete particles separated by void spaces ; - its constitution may indeed 
remain quite undefined, so long as it is capable of the requisite coinci- 
dence- movements. 

With Sohiioke, however, the crystal element is not devoid of a certain 
hypothetical character, as is shown by his employment of an arbitrary 
fundamental proposition {(! nniftsaf:').'' This asserts that the symmetry 
displayed by a crystal cannot bo lower than that of the point-system, 
according to which the centres of its eleimmtary particles \K ry stall ban- 
stoAnc) ar(3 arranged. Kvideiitly the eficcl of such a provision is to insist 
on the njgulai ity of form of those (Jeinentfiry particles or to treat their 
shape as a negligible factor. As Sobneke contends that this provision is 
a physical, not a geometrical, necessity it is obvious that his particles are 
not mere geometrical .space units ; indeed it is always possible so to 

* Jhiltticl'olvnrj c'mer Throric tior Knfxtallst ruJituT^ p. 2fi. 

'•* The pl.ausihiiity cf i ho conception of (liscrcm imrticlcs or centres of force 
generally admitted ; the point here insisted on is that this conception is not essential 
to the geometrical reasoning under review. »Seo Min. Mag.^ I8ltG, vol. xi. p. 120. 
Comx>. Krydallsy stoma und Kr y statist ruclur^ p. 237. 

* ifvits. Kryst. Min.^ 1802, vol. xx. i>. 417. 
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partition a lioinoi^cncous structure geometrically into identical units that 
the symmetry of the system shall bo determined solely by the arrangement 
of the units, and not at all by their shape,* and therefore, as applied to 
sucli units, Sohneke^s fundamental proposition would be universally true, 
not, as he puts it, a limitation {lipsr.hrihikiiitrj).- 

8ohnckc states the aim of his investigation in these words : ‘ I 
Tiiight rather regard this aim to be the evolution from the simplest and 
most evident axioms by logical methods such conceptions as to the build - 
iiig up of crystals from tlniir molecules as are in strict agreement with 
observed facts, and may, thonjfon;, be regarded as natural.^ 

lie adds the reinaik that the non-acceptance of his fundamental 
proposition and his conclusions is justitiable if they are held to be 
improbable. This is not language which would be appropriate to pure 
geometry. 

Mirror^Imafje Reitetif i on . 

We now come to a very important departure in the investigation of 
crystal structure. Jordan’s conception of inlinite groups of movements 
leads, as we have seen, to identical rc 2 :)etition of parts extending through- 
out space. It has been jioiiitcd out tliat it is possible to draw in each of 
these groups, or in the systems formed by their means, sets of planes 
identically related to the group or system regarded as an infinite whole ; 
hereby is provided a purely geometrical method of clofining homogeneity 
of structure in a perfectly general manner, which would he of interest to 
niatlieinaticians if no such body as a crystal existed ; but, further, the laws 
of symmetry which govern the relative arraiigcnieiit of the identically 
corresi:)finding i^lane-dircctions present in a homogeneous structure are 
also establislied. Crystals, however, display not only identity of parts, 

* Sco Phil. scries (>, lOOl, vol. i. p. 7. 

/.{‘iH. Arfjxf. Min.., IS02, vol. xx. p. l-IS ; cf. Mitt. Mat/.., 1800, vol. xi. p. 125; 
also SclKiiiflies, A'rt/stal/syytcnie mid Krtj^falhtruvtvr., p. 010. 

That Sohneko regards the crystal cleiiients whose cciilres furnish the points of 


crj'stal. Thus he says (p. 27 of his flittwiclicluntj rincr Theoric, &c.) : *Es ist 
naturgeiniUs, einen Krystall in regelmassiger Weise aus lauter kongrueiiten Grundge- 
biMcri Oder Kvystallelmentcn aufgobaut xu denken, von flenen cs allerdings inient- 
schieden bUdbcii muss, ob sie <Ue aus Atomeu /.usammcngescizten chemischen 
Molekeln selbst oder Aggregate von solchen sind . , . von jedein Krystalleleinente 
wild nur dcr Schwerpiinkt in Retracht gezogen. . . . Fiir die folgende getunetrischo 
Untersuchiing ist also der Ivrystall durch ein Sy.stem diskreter Massenpunktc ersetzt, 
in welchem cs somib stets einen kleinston Piinktabstand giebt.’ 

If Sohneke had meant to allow the cm]jlovnient of merely geomelrieal units as 
cp’stal elements, he would doul)tless have used some such description of them as 
that which he has given of liaiiv’s • molecule soustractiviV of which he says (p. 12) : 
‘ Dieselbe hat nilinlich zwar einc bcsiimmtc geometriseho, aber koine konst quent 
festgehalteno physische Bcdeiitung ; bald ist .sie die wirklichc i)hysische, bald nur 
erne zu Koostruktionen becpieine gcomctrische Kinheit. ’ 

That he pcrceincd the iiossibility of orafdoying merely geometrical units is, 
however, in evidence, for he says 14); ‘ Rodenk^man . . . class Dclafosse und 
M 1 t anderes get ban ha’bcn, als die paral!cle|)iiK'disehgestaItote substraktive 

lolckel Haiiys (lurch ihren Mittclpunkt. resp. (lurch cine kicine ihn umgebende 
ugel zu emetzen, so muss man anerkonnen, dass die Hauys'che Theorio hierdurch 
im Geiste ihres Regiiinders fortgebildet worden ist und dabei wesentlich an 
nsequenz und Einfaohheit gewonnen hat.* 

^nts. Krtjst. Mhi., 1892, vol.xx. p. 455. 
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but iilso, ill tlio luajority of casos, onantiouiorplious similiirity ; fol*, while 
ill soinu few crystalo the similar faces always bear an identical relation 
to the wliole, ill most there are facias that occur in pairs (like a 
right and left hand), the two individuals of which are enantiomorphously 
not identically related to tluj crystal form. Unless this additional factor 
of enantiomorphous similarity of parts bo in some way introduced,* 
Jordan's method gives only the systems of repetition which belong tc 
one or other of the classes of crystal .symmetry in which the similarity 
is all identity, /.c., only such as are cnanti/imorphs. This signilicant 
fact is revealed in the work of the two in(|uii(*rs, von Fedorow and 
Schdiitlies, who established independently and simultaneously that a 
detinitioii of the syniiuetrical r(‘p<‘tition of parts which includes enaiitio- 
niorphous similarity as well as identity of parts loads to types belonging 
to all of the thirty-two classes of crystal symmetry.- 

Iherre Curio ’ shares with the two writers montioiK'd above tlie cn'dit 
of having established the gencu-al principles of repetition by which tlie 
symmetry, wlu'thor of tinite iigures, or of systmiis of ligures, or of struc- 
tures, may lie comph'tely investigated, lie set liimsolf to consider more 
general arrangements of points than th(»se dealt with by Bravais. These 
points may be endowed with qualities independent of direction, such as 
density, temperature, or with (qualities requiring the most varied iileas of 
direction and orientation, such as velocity, forci^, intensity of an electric 
or magnetic held, intensity of power of rotation.* (Tin* homogmieous 
arrangements thus obtained are not all cryshillographically po.ssibh*, r.f/., 
a sphere tilled with a rotating liquhl.’‘) There are two kinds of repe- 
tition- one which leaves everything identically the same as before 
(dvjdiirfnncnts indiffii rants) and another in which the units of one part of 
the .system are the mirror- images of those of the otlier (si/sfnnrs si/mr~ 
frujues Vnu de Pcnitre Curio was the lirst to emphasise the nec(‘ssity of 
considering, in addition to ordinary axc.s and pianos of symmetry, axes 
and planes of alternating symmetry (//hins de st/mvtrie alternr^ phms fie 
st/nudrie translatoire (dferne"*). Although the 2 JO classes of crystal struc- 
tures obtjiined by Schbnflies and Fedorow may be d(?duced from the prin- 
ciples established in his pjqiers, Curie limits himself to deriving the 
thirty-two varieties of external form wiiich arc crystallographically pos- 
sible." 

Another writer of tliis date of whom mention should be here made is 
B. MinnigiTode, who arrived at the thirty- two classes of crystal systems 
by means of the theory of groups and substitutions.'* 

‘ Ti.is is very olravly bronglit out by Story-Maskciync in his MuYjdndi.fjy ef 
('rijstnis, Oxford, j>. wlicrc the (ermh * iiicta-stroiihic ’ and ‘ aniistiophic ’are 
ciiJf»Ioved to di.Ntiiiguisli the two sorts of jclatiou.s. 

- The <li‘'Covery of llicse thiity-lwo classes by tlio morphological crystnllo- 
grnphers had in fact been due to the use of planes of >ynin)etry and centre of 
symmetry as tbr*. basis of their reasoning; and these eiements, of course, contain tl^® 
conception of enantioraorphoiis relationship 

^ * yiir Ics questions d’ordrif : Kepetition.**,’ Ifidl. Soc. JI/t‘a.,l8S4, pp. Sr-lH I 
‘ Sur la Symelrie,’ ih., pp. *118-157. 

p. SO * //A,p. 413. 

® Ib., p. 00. ’ Ib., i>. 452. « n., p. 454. 

® ‘ Untersuchimgen iiber die Symmetiievcrliiiltnisso und die Klasticitiit der Krys* 
tnlle,’ d. k. Om. d. U'y>.v., (Jottingen, 1S84, p]). 105-220, .374-384, 488-4J»2; 

* Untersuch ungen uber die Syiiiiijetiicverliiiltni.s.«*e der Krystalle,’ Nciies Jahrh,^ 18®^ > 
Bcilage, Bd. v. pf). 145-lOC. 
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Sf^hihi/lies, 

Though Arthur Schonfllies was not actually the first to establish the 
existence of the 230 classes of crystal structure, his writings have been 
the means of making this final (levelopriient of the subject generally 
known to the scientific world. ^ Ills work, which was but little later than 
that of Fedorow, and is f|uite independent, culiiiinates in the book ‘ Krys* 
tallsysteine und Krystallstructur,' in which he establishes with the lucidity 
and rigidity of the skilled mathematician the thirty-two classes of crystal 
symmetry and the 230 classes of crystal structure, and discusses at length 
the question of the partitioning of space. It will be convenient to con- 
sider the work of Hchonflies in soim^ detail in order to treat that of the 
remaining authors brielly, since many of their lesults are the same 
as his. 

lie adopts Wiener’s definition of regularity of structure with this 
difl( rence : instead of saying that every molecule of an assemblage lias 
the remaining molecules arranged about it in the same manner, he says 
that every molecule is surrounded by the rest collectively in ////? manner, 
where ‘likeness’ of the groujuiig can cither amount identity or be 
niiiror- image resemblance." The following is an example of the distinc- 
tion between tlu'se two kinds of rosembhance : the two ])()ints occupy 
situations w’ith respect to the cube (lig. fS), which are merely alike, whereas 

Fig. 8, 


» and arc identically placed ; the cube presents exactly the same 
ippearance when viewed from either of the latter, whereas in the case 
of p and q the two aspf'cts bear the kind of relation that a right hand 
bears to a left, or an object to its image as viewed in a mii ior. Tlic 
ispects of the figure from the iioints p and q may be called enantionior- 
phous with respeet to each other, and any operation which involves such 
a- relationship may be called a mirror-image np.eiatiun. Schbntlies’ 
niethod is to add to the movi'ments employ eil by Jordan such processes 
of inversion and reflection as can be ajiplied to his groups of movements 
without increasing the number or modifying tlie character of the act ual 


isss zur Thecrieder Kryslallstruclur,*iWe/f?’. d.'li. Oe,^. tl. \\ 

rlr. ; ‘ bberdas gc*guiKscitij;eVcrhaltniss dcr Theorion iiber die Siructiir 

isai PP* ; Krystallstjatcmc vnd Kryalalht nictury Leipzig, 

jy ’ ^ * ' Reaierkuiigen iiber die Theoric der Krystallstructur,' Xcits. pfiys. < hem., 18J»2, 
K ’ ‘ Antwort auf den Artikel dvs llcrrn JSohneke ; /wei Theorioen Jer 

r stallstriictur,’ 18'.)2, x. pp. fi * Beiiicrkiingen ziideiu Artikeldes Hcrrii 

iniMiiT ^ die Zusammcnstellung seiner k^y^tallographischen Kcsultate und der 

octretfend,’ Xcits Kryst. Min.^ 1S!)2, xx. pp. ; * tJriii>penllieorie un€ 

3 s Mathematical Papers, t'hienyo Exhibition, 18i)3. 

tind Kryiflallstructur, p. 230. 
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nioveineuts. He thu5 constructs composite groups of operations which 
net throughout space, but comprise, in addition to Jordan’s groups, cer- 
tain mirror-image operations with respect to series of parallel planes or tc 
systems of ccuitres tif inversion.* He calls the groups of operations, 
whetlier those of Jordan or those added by himself, ‘ space-groups ’ (^Kaum- 
(/ruppru),'- 

As in the cast^ of Jordans groups of movements, the symmetry of 
any given group is rendered easier to trace if a number of similar par- 
ticles or bodies are placed in all the positions, throughout some consider- 
able space, in which they would bo located by applying all the operations 
of the group to some particular body. In order to accomplish this, in 
the groups which contain inirror-image operations similar right-handed 
and left-liaiided bodies will have to be employed in equal numbers.® 

It may In? maintain(?d tliat the likeness of parts thus defined by 
Schonflies, involving as it does two distinct sorts of resemblance - 
identity and enautiomorphous (or mirror- imag(?) similarity — should 
scarcely be called, when taken collectively, homogeneity of structure ; 
it would be well, perhaps, if it could bo expressed by some new word of 
wider significance. 

fienmifion of the Various Groups of (Raumgruppen). 

Schonflies employs a symbolic mclliod in order to deduce the various 
types of possible groups of operations. 

The following propositions imlicato briefly the method pursued by 
him, without introducing his symbols : — 

1. Only such of Jordan’s groups of movements as contain a group of 
translations which all l)ear finite (and not infinitesimal) relations to one 
another, and are, therefore, capable of producing a space-lattice {Raain^ 
f/ittf'r), can obey the law of rationfil indices ; and arc, therefore, available 
for the crystallogi-aplier.^ It is only to these groups that Schonflies 
applies mirror-image operations.'* 

•J. The complete set of translations thus forming part of a Schonflies 
group of operations must be brought to coincidence with itself {Deckuny) 
by every other operation of tlie group.'* 

3. In addition to planes of symmetry, simple axes of symmetry, and 
the screw-axes of Sohneke, Schonflies (like Curie) introduces ‘ planes of 
gliding synniietry ’ {GlfiitebeiLeny as another possible mode of repeti- 
tion that can be employed in a group of space-operations. A plane of 
gliding symmetry is tlie result of combining rcllection over a plane 
witli a translation parallel to that plane. 

4. If a giv(?n translation, T, bo transposed by the operation of a screvr 

axis into another translation, T', T is also thus transposed by the opera- 
tion of a axis of symmetry having the same situation and angle of 

rotation. 

• »Sch(in flics, Krystalhtjatnur und Knfstalhtructnr^ pp. and 560. 

- //>., p. '550. “ Min. Mag., 1896, vol. xi. p. Ill), and see below, p. 

Krystulbyntcma and Krgmtalhtructur^ pp. .360, 686. ^ lb , pp. 860, 361. 

" lb., p. 86:i. Schonflies calls sub-groups of operations which have this property 
Q^ntgczrichntte Untergrnppcn. 

Ib., p. '367. Schonllics calls that one of the various possible rnovemeiits about 
a particular axis which has the smallest angle of rotation and the sinalloat positive 
translation the ‘ reduced movement * (reducirte Bewegmuj), 
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5. Similarly, if T be transposed into T' by the operation of a plane of 
gliding symmetry, T is also so transposed by the operation of a simple 
plane of reflection having the same situation. 

6. Hence, corresponding to any given group of operations containing 
screw axes or planes of gliding symmetry, there exists another group of 
operations which effect the same changes of direction, but whose elements 
of symmetry are axes of rotation or planes of reflection, and these are 
such as belong to a space-lattice. 

7. From this it follov’s that in the groups of space- operations the 
only axes found are those of the orders characteristic of space-lattices, 
i.c., digonal, trigonal, tetragonal, and hexagonal axes. . 

The relations between groups of space-operations (RanmfjTXippen) of 
different types can be traced by means of the similar relations subsisting 
between allied (‘ isomorphous ’) types of symmetrical operations effected 
solely about a single point or ‘centre’ (Punktgruppen) ; ^ the latter, 
since tlio kinds of axes admissible are limited as above, are those which 
characterise the centred forms of the thirty-two types of crystal sym- 
metry. 

Two operations are termed by Sohdnflies * isomorphous ’ when their 
planes and axes of repetition have the same directions and the angles of 
rotation of the latter are the siime. 

A group of space- operations and a group of centred operations are 
termed isomorphous when every operation of the former is isomorphous 
with an ()pi3ration of the latter. 

By this method of comparison it is shown that every one of the groups 
of ‘ space-operations ’ involves the general symmetry which governs the 
symmetry of repetition of like directions in one or other of the thirty-two 
classes of crystal symmetry. 

The mirror-image of a screw movement is a similar movement of the 
opposite hand. Among the groups of operations corresponding to 
^ohneke’s sixty-live systems wliich contain screw movements, only 
such as possess screw-axes of two opposite hands can be utilised for 
the purpose of deriving groups of space-operations containing mirror- 
image repetition : such are (1) those which contain screw-axes whose 
translation component is equal to a half -translation ; - (2) those which 
contain for each screw-motion in one direction an equal screw-motion in 
the opposite direction. 

By applying the above principles Schdnflios is able to show that the 
Bixty-five systems of Sohneke are increased to 230 groups of operations, 
all of which, from what has been said, must belong to one or other of the 
thirty-two types of crystal symmetry. 

^ complete set of similar plane-directions may be drawn in a 
Schonflies group of operations, in a way similar to that already indicated 
lor finding identical planes in one of Jordan’s infinite groups of niove- 
menls.3 Thus:— 


« und Kn/slalhitruclitr, ppi 350* 304, .3/4, 376, 363. • 

ilhistratcii by fig. 5, in which the trttnslation component of the 
to thft to derive o/ from r,) is one half of the translation r| r," belonging 

Boirii . Successive ])oints may be regarded as lying oithcr on a right-handed 

"PWl (as c ej: 0 ,") or on a left-hand^ spiwlKas e, 

See abovo. p. 313. i - » ^ 
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In the given group of operations draw a Jiomogcneous plane iii tlie 
intumer delinod above ; ^ this plane will, since the translations of the 
,t(roup are not iiitinitesimal,- and develop space-networks, obey the law of 
rational indices. 

Apply to the plane thus drawn the operations of the group ; the 
result is the generation of a system of planes symmetrically distributed 
through space, all of which are similarly related to the structure regarded 
as without limits. If mirror-image repetition be not found among the 
operations of the group, this similarity will amount to identity ; if, on the 
other hand, enantiomorphous operations are present, the planes will form 
two equally numerous sets, the relation of the one set to the whole being 
eiuintiomorphously similar to that of the other set.-* 

Since all the components of the operations of the group which are 
mere tran.slat ions are witliout (‘iKeet oii orii^ntatioii, the number of 
ditferent orientations presented by the planes will be strictly determined 
by the remaining eomponeut.s, and therefore limited.* As the component 
operations of the given group which alleet orumtation are those charac- 
teristic of some one of the thirty-two classes of crystal symmetry,’’ th<^ 
number of orientations presented in tlie given case will be the same as in 
such class : there will be as many iiiQnite sets of parallel planes as 

there are dithn-ont orientations. The planes of each set, since they have 
to obey the translations found in the group, \vill be e([uidislant. Among 
the 2.*10 diflTt'ient types, there are many in which it is possible to select 
from the set of planes one of each orientation in such a way that the 
planes selected enclose a space, but in some only of the types thus cliarac- 
terised can the planes be so chosen as to outline a symm(!trieal polyhedron 
whose axes an^ axes of the system ; for the n*mainder centred enclosures 
of this symmetrical character are impossible.' 

AVith the aid of the above concei)tioii of a system of similar planes it 
is not dilHcult to verify the following propositions : — 

1. The application of an additional movement or enantiom()i' 2 )hous 
oi:>eration to a grouf), provided the system of axes, planes of symmetry, 
and other features es.seiitial to the group are brought to coincidence 
{Dec/iiinr/) l)y this new operation, will lead, when the latter is completely 
combined in every possible way with those previously present, to the 
evolution of a derived SchonHies group of oiDorations.^ This derived 

* Hoc above, 312. The »lircction of the plane is not to be a specialised one, 
except so far as premised by the ddinitum: this will ensure that every operation of 
tbc group shall ell'ect a change of position of the plane. 

- See Krystallsystcmc urid Rryntallstnictur, pp. 300 and 030, and Proposition (1) 
above. 

'•* Cf. Krystallsyxtfiine und Krystallstruntur, pp. 361, 302. 

, ■* i/y., p. 303. Cf. Prop. (0) above. 

Cf. //y., pp. 303-301, .090, and 637. 

" Cf. Prop. (7) above and Pint. May.^ 1001, series 0, i. p. 21. As is the case in 
some of tlie latter, planes inclined at 160® will be distinguished from one another, 
the two sides of a iilane being discriminated » 

^ p. 31. As all tlie existing evidence as to the ultimate relative situa- 
tion of crystal faces concerns their direction only, the question wlietlicr in a given 
system of similar planes regular polyhedral cells are present or not does not 
as yet affect the crystal lographer. 

“ KryntalUyntcme nnd Krystalhtructur, p. .383. Schuntlies sums up his method 
in the following fundamental proposition: ‘ Lasst sich die Pmiktgrrippc O durch 
Multiplication einer Grupiie G, mit ciner Oxieration V crzeugcu welcho das Axen- 
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<^roup, as comparod with tho group from which it was obtained, will in 
different cases present — 

a, A greater number of orientations of the planes belonging to tho 
dcriv('d system. 

h, Tho same number. In this case tho change will consist solely in tho 
increased closeness of tho planes of a s(‘t, and the typo among the 230, 
which is exhibited, will sometimes bo different, sometimes the same. 

The converse proposition is — 

2. Tho withdraw'al of some operations from a group, entailing tho 
symmetrical omission of some of the sets of parallel planes, or of some of 
the planes in each sot, leads to Ihe derivation of a distinct group of 
operations. There will in different cases be — 

a. Fewer directions of oj’ientation for the planes in tho derived group. 
fj. The same number of directions, associated in some case's wnth the 
preservation of the same type, in s<ime cases with tlie de\’elopment of a 
different type among the 230. 

As a simple example of the application of the principles estahlishcd 
above consider tin*, homiinorphous class of the monoclinic system. t It 
possesses an axis of two-fold symmetry, which in the space-group may 
appear as an axis of rotation or as a screw-axis. Now, in the monoclinic 
system there are two latticcjs : one rhomboidal and tho other composed of 
rhomboidjil prisms with centred faces. We obtain two groups from the 
former by combining it with an axis of rotation, and with a screw axis ; 
from the latter we obtain only one group, since in this case the same 
group is d(?rived by the addition of either set of axes. 

Like Jordan’s groups, those traced hy Schonflies are really mere 
groups of geometrical procc’^sos, iiiclepcnclcnt of the nature of the material 
system concerned ; but it is convenient to regard the processes as .applied 
to something more tangible. Schonflies himself supplies this want by 
introducing the conception of atomic structure, and of its definite par- 
titioning. Here the reader must bew’^are lest the nature or configuration 
of the .atoms or particles themselves be confounded with the nature and 
distribution of tlie structure considered with respect to them, and lest the 
possibilities of mere geometrical p.artitioning be confounded with those of 
a partitioning into conceiv.ablo physical units.- 

Schonflies treats his work of discriminating 230 types of groups of 
oper.ations (Raunignippen) as preliminary to a direct application of his 
results to a molecular theory of matter, which ho sets before himself from 
the outset ; the reader might, therefore, suppose that the existence of 
molecules with void spaces between them is essential in order that the 
geometrical deiavation of the 230 types m.ay be .applicable to crystals.*** 
Thus Schontlies says : ‘ By a regular assembhige of molecules of unlimited 
extent is understood a molecular assemblage infinitely extended in all 
directions, which consists entirely of similar molecules, and possesses the 
property th.at arovyid every molecule tlic disposition of the infinite system 
formed by the other molecules is similar.’ * And a little later he Lays 

system yon (}, in sicli iibcrfiihrt, so kann jedo zii G isomorphe Raumgnippc drircli 
h’* ^*Rfication einer zu G, isomorphen (.nippe r, mifc einer zii V isomorphen Opera- 
Worden, vorausgesctzt, dass 5 cine Deckoperation f iiv die Axon von r, ist.’ 
uiid Krgstdlhtriictur, p. lOG. 

•j Mar/., ISOG, vol. xi.p. 12^>. 

-t^'^'ystalUystemc wid KrystaUsfructurj p. 25)7# * Ihhh. p. 230. 
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down the fundamental liypothosis that ‘ a homogeneous crystal displays 
the property that around every point in its interior the structure is that 
of a regular assemblage of molecules of unlimited extent.’ ^ 

This way of stating his case imparts to Schonflies’ extension of the 
methods of Joidan and Sohneke a somewhat hypothetical aspect, and, 
perhaps, obscures the fact that the chanicteristic symmetry presented by 
crystals is traceable in the groups of movements and mirror-image 
operations without specifying the kind of structure employed, and merely 
postulating the nature of its homogeneity — i,e., the typo wliich it presents. 

In reality liis work is not based on an assumption as to the 
nature of the regular repetition in space of liypothetical elements in a 
crystal,*- but its application to crystals rc‘sts on tlic assumption that the 
parallelism between the properties of his regular configurations and the 
crystal properties is due to a common cause ; in other words, that the 
arrangement or symmetrical repetition of the ultimate i>arts in crystals is 
that cliaractcristic of these configurations. Schonllies endeavours, in 
fact, to ascertain what special suppositions as to the form and quality of 
the molecule lie at the root of all theories of the constitution of crystals, 
and to determine what further consequences arc implicitly bound up 
with these suppositions." 

The atoms and molecules of Schdnflies arc', properly speaking, mere 
cells or geometrical space-elements, into w'hich a homogeneous structure 
is divided by some sort of symmetrical partitioning, tlie symmetry or 
want of symmetry attributed to the former being in loality a feature of 
these cells. Schonllies speaks of placing molecules in cells previously 
obtained by some symmetrical partitioning of space, but it will be found 
that their individual properties are those of tlie cells, and are not neces- 
sarily adequately descriptive of the syinmotry of bodies contained in the 
cells considered irrespective of the latter. TJui statement that the 
characteristic symmetry of the molecule is iilentical with the symmetry of 
the cell allotted to it Ijy the symmetrical partitioning would not be true 
of a highly symmetrical physical molecule put into a cell having little or 
no symmetry. 

Schonflics attaches considerable importance to the idea of an 
dementanj (Fundameutalbereirh),^ which ho introduces in chapter xiii. 
of the .second part of his work, and it will not be out of place to give a 
word or two of explanation.*'* ILc shows that any system possessing a group 
of operations as above defined may be divided into an infinite number of 
contiguous polyhedra, which are .all similar to one another, and, in 
general, of two kinds, the polyhedra of one kind being identical with 
those of the same kind, and the mirror-images of those of the other kind. 
Each of these polyhedra encloses one and only one point of a given kind 
in the partitional system, round which point mattcir is distributed in a 
given manner.^’ The form of the cell is, in general, iiidetcrmin.'ite, but it 
is subject to certain conditions ; it cannot be cut by an element of 
symmetry of the crystallised body ; if it possesses ji plane of symmetry, 
this plane must coincide with a face of the cell, and, further, centres and 
axes of symmetry must lie on the surface of tlie cell.^ From any one of 

’ Kri/fttallsyfstemc nnd Krystalhti'uctar, p. ® Ihid.^ p. 247. 

» Ibid., pp. 248, Oil. ' Ibid., p. 

^ The following discussion of the subject is borrowed from an interesting paper 
on ‘ Thfioric des anomalies optiques, do risomorphisine ct du polymorphismc,^ by 
Fred. Wallerant, Jiull. Soc. Min., 1898, vol. xxi. p. 197 et sey. 

® Krystallsystcruc und KrystalUtriictur^ p. 572, ^ Jhid.^ p. 673. 
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these cells the remainder can be found by means of the group of opera- 
tions. Most of tlie 230 types can be partitioned into space units which 
individually possess the symmetry of the system as a whole. When this 
is the case, a finite group of contiguous elementary cells will form such a 
unit and can be found by applying to one of them certain of the elements 
of symmetry which lie on its surface ; a symmetrical space unit of this 
kind may be called a complex Other comphjx cells possessed of less 

symmetry can, of course, be formed. Some of the 230 types, while 
capable of being partitioned into such loss symmetrical complex cells 
cannot be partitioned into complex cells which have as high a symnuitry 
as that of the t 3 ’pe. For example, the type represented by the Sohneke 
system described above (fig. 5, p. .314) can be partitioned into cells pos- 
sessing trigonal axes w’ith or without centres of symmetry or planes 
of symmetry, or with both, but its cells cannot individually possess an 
hexagonal axis. 

As an example, take the case of the hexagonal space-lattice of 

Fro. 



hg. 2, where the axes are axes of rotation and the planes of symmetry 
are planes of reflexion. The shape of the bodies placed at the points is 
Ignored, or in other words they are supposed to have a symmetry which 
does not modify that of the system of arrangement. The points II in 

hg. 9 constitute such a space lattice. In this figure corre- 

spond respectively to «, y, r, /I of fig. 6. HjlJa is an hexagonal axis of rota- 
tion. Take H, as the origin of this Bravais-system, which wc know is 

^ perpendicular prism with a rhomb of G0° as base. All the rows of 

the system parallel to II ilia are also hexagonal axes of rotation. By 
combining these rotations with the translations of the system we see at 
j>nce that straight lines such as TjT.^, T.,T 4 , which are parallel to the 
lexagonal axes and pass through the centres of gravity of the e(jui- 
ateral triangles forming the bases of the lattice, are trigonal axes of 
joto^on; and, again, straight lines such as D 1 D. 2 , D 3 l> 4 , 

which pass through the middle points of the rows of tlie base, are 
^igonal axes of rotation. 


* Krystallaysteme und £rystaUstructur, p. 576. 
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Six plnnos c»f rcHoxioii pass through tlio hexagonal axis, 11,11.,, making 
angles ot’ lU)' with oiu^ iinntlier (such are tlie planes Ho 11,11.,, Hoir,;H.r„ 
and H.jlTsH-^ and, pavalli'l to tJicse planc.s, there must bo througliout 
tlio structure a series ot* eipiidistant planes of roilexion. 

Further, there, is a centre of symmetry on the hexagonal axis ; wo may 
suppose it to coincide with H,, since this was arbitrarily clioson. All 
the nodes of the llr.ivais-system are such centres of symmetry, and 
in adiiitioii all the middle points of tlie rows, i.c., all, the points 11, D, 
and O. 

Further, the presence of this centre combined with the hexagonal axis 
nec<'ssitates the oxisteiu e of planes of reflexion p('rpendicular to the axis 
and passing through tlu' centres, a?ul, consequently, separated from one 
another by Ojir-,, half the parameter, 11,11,, of the axis. Also, perpen- 
dicular to each of tlie planes passing through tlie hexagonal axis there are 
a sei'ies of diagonal axe.s of rotation passing through the centres of 
symmetry lying tui those plane.s. 

Such, then, are, in the case in question, the elements of crystalline 
symmetry whicli fill space. 

The elementary cell is easily determined, since the elements of 
symmetry inu.st lie on its surface : it is the right ])rism with triangular 
l)ase OjOaTI I, I),T,, whicli lias its bases in two ])rinc‘ipal planes; it.s 
edge's arc a iMJxagonal axi.s HjO;, a trigonal axis TjT.,, and a digonal axis 
l),0.j ; its sride faces arc three planes of symmetry ; thc^ four corners 
Jl,, .1),, Go, (),, arc ccMitrcs of symmetry, but th(‘ corners Tl\,, situated on 
the trigonal axes, are not centres. 

To obtain tin? coinjih'x cc*ll wo mu.st apply to thc^ fundamental cell the 
appropriate elements of symmetry i.c., in this case the hexagonal axis 
and two pianos of symmetry, OjO^H,!), and H,l),Tj — whence we obtain 
a right prism with hexagonal base whose edges are the trigonal axes, i.c., 
the cell of tig. 3. 

(By taking anotlu'r .set, of the primary elements of symmetry another 
eoin])lex cell will he obtained,) 

A corresponding crystalline structure will be obtained by furnishing 
each elementary cell in a similar manner witli contents of any nature. 

lu'Uurnir. 

As has been said above, the 2*10 types of crystal structure were inde- 
pendently established and investigated hy F. von F(‘dorow. 

The researclics of this autlior which redate to the subject of crystal 
structure begin in the year 1 SSo with a general treatise on the ‘ Theory 
of Figure.s,’ published (in Kus.siaii) with copious illustrations in the ‘ Trans- 
actions of the Russian jMineralogical Society, \xxi. pp. 1 279 : this was 
followed in hy a memoir on tlie ‘ Symmetry of Finite Figures,’ pub- 

lished (in Russian) in the .same journal, xxv. pp. ]- .^>2, and by one on tlic 
‘ Svmriietry of Regular Syst€*ms of Figures,’ published (in Ru.ssiaii) ia 
LS90. 

The above arc not only ainotig the earliest treatises on these* .subjects, 
but they contain also almost all that is essential in the author’s later 
development of it, and some results that have been independently pub- 
lished by other investigators to whom his Ru.ssian papers were not known. 
An abstract of some of the early papers was given by Wulff^andby 
Fedorow himself.-^ 

* mu. Kryit, Min.^ 1890, vol. x?ii. p. 610. * 76., 1893, vol. xxi, p. 670, 
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Fedorow first established the princijde tliat in a symmetrical figure 
the symmetry must bo one or more of the following? sorts : axis of sym- 
metry, plane of symmetry and a combination of the two, or composite 
symmetry (/.«., Curio’s alternating symmetry) ; in a regular system of 
figures, on the otlujr hand, supposed infinitely extended, two more general 
elements of symmetry are also possible - namely, a screw axis and a 
glide-plane of symmetry ; r(*petition about a screw axis consists of a 
rotation combined with a translation along the axis ; ref)etition fibout 
a glide-plane consists of refiexion combined with a tianslation parallel to 
the plane. The elements of symmetry in a finite figure arc simply special 
cases of the latter in which the translations are zero. 

Like llessel, Fedorow investigated first the symmetry of finite solid 
figtires in general and then, by limiting the problem by a condition 
e(|uivalent to the law of rational indices, deduced the thirty -two kinds of 
symmetry possible for crystals. J^is method consists practically in com- 
bining any two of the possible elements and ascertaining to what other 
elements they give rise : two axes of digonal symmetry inclined .at 

45 ’ give rise to the axes of a trapezohedral tetragonal crystal ; the total 
group constitutes a Sjimmolnn art ’ or ‘class.’ 

Two classes ai’o dift'ei’ont when in one of them an axis (or, in general, 
a symmetry element) is pro.sent which is absent fi*om the other, or occu- 
pies a position which it does not occupy in the other. Such .a class, 
therefore, correspomls to a ‘group of operations’ in the language of 
Sclion flies. 

A special feature of IVdorow’s researches is his analytical expression 
of the symm(»try ; this is described in the second of the above-memtioned 
memoirs. In this method a point is denoted by an indefinite number of 
coordinates (although thrjee are suflicient) — namely, the intercepts made 
upon all the axes, deriv(‘d by the symmetrical repetition of one coordi- 
nate axis, by pianos drawn perpendicular to them through the given 
point. 

Thus, if an axis of /;-fold symmetry be taken as one coordinate axis//, 
and a line perpendicular to it as a second coordinate axis ?/,„ then repeti- 
tion of ?/(, about // gives p — 1 other coordinate axes, //,, //.,, A point 

whose coordinates are = y^=.hr then gives rise to .a sym- 
metrical set of points v/=^, = where x may Inive the 

different values 0, 1, 2 . . . p — 1. .l»y means of equations of this nature, 
containing also appropriate symbols for repetition about the planes of 
symmetry, the various sorts of symmetry of figures or of regular systems 
of figui'os ar(^ deduced and expressed. The method by which they are 
deduced consists practically in seeking all the possible combinations of 
the elements of .symmetry which .are not incompatihle with each other. 

In the first memoir, which de.als only with the symmetry of finite 
figures, after establisliing all the possible varieties of regular polyhedra 
and cl.assifying them as isogons (which h.ave similar or symmetrical edges), 
and isohedra (which have similar or symmetrical faces), and h.aving shown 
that there are dTgliteen sorts of typical isohedra,^ Fedorow investigates 
their symmetry according to the principle that e.ach class {Symmetric art) 
corresponds to certain typical isohedra, .and, conversely, that whe^i .all 
he typical isohedra are known the various classes of symmetry can be 
educed from them. Crystal polyhedra are treated as special cases. 

Darn isohedron is the figure derived from a polyhedron by moving its faces 

** ‘ el to themselves until they all touch one and the same sphere. 
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Tho second part of tlio inonioir considers tli(5 regular partitioning of a 
piano, and of space, and tlie nature of zonohedra, or figures whoso faces 
intin-si'ct in parallel edges, and shows that there are six kinds of zoiio< 
hedra. [Here also tho author lays down the principles of simple elonga- 
tion and Shear ( />/>//«//), and sliows that any parallelepiped 

may be transforineil into any other by these two processes. These 
principles are chieily of importance in Fedorow’s development of his own 
theory of crystal structure, and of his methods of calculation.] 

With legard to the partitioning of space, it is shown that space may 
be tilled cither by ecpi il ligures ranged parallel to one another ; these are 
called ‘ paralleloliedra ’ ; or by polyhedra, which, while equal or symmetri- 
cally similar, are not necessarily parallel : tlu\se ai^ called ‘ stereohedra.' 

Tin* plane-faccd jiarallelohcdra arc bounded by pairs of parallel faces 
they possess centro-symmetry), and tlu*ir arrangement is necessarily 
that of a space lattice. There are four sorts of such parallelohedra, 
namely, those with three, four, six, ov st'ven pairs of parallel faces ; and 
the tilling of space with tliese corresponds to tlie close packing of spheres 
which are in (MJiitaet with six, eight, twelve, or eight neighbouring spheres 
respect iv(?ly. Fedorow s most general sort of parallelohcdron, tho fourth 
of those mentioned abo\'o, the ‘ heplaparallelohedron,* is identical with 
tho ‘ tetrakaidekahodron ’ subsequently and independently established by 
Lord Kelvin as the most general parallel-faced cell into which space can 
bo r(‘gularly partitioned ; ‘ its superficial area is, as was shown by both 
authors, a minimum for a given volume. 

When space is inirtitioncd into differently orientated identically 
similar plane-faccd stea eohedra, these may always be grouped together into 
sots, such that each set is a paralhdohedron ; further, the analogous points 
of the stereoliedra constitute a regular point -system, just as tho analogous 
points of the paralleloliedra (.‘onstituto a space -lattice. Hero, then, 
we have a statement of tho fact that the points of a reguhar point- 
system can always be grouped into clusters whose arrangement is a space- 
lattice. 

As will be se(in hereafter, tliis conception f>f parallelohedra, as opposed 
to stereoliedra, forms the basis of Fedorow’s own tlieory of crystal 
structure. 

The last section of the memoir is occupied with the consideration of 
])olyIiedra with concave faces, or ‘ koilohedra.’ 

In liis second treatise, that dealing Avitli regular systems of figures,^ 
tlie problem of crystal structure is more directly approached. A regular 
system of figures is defined as consisting of an infinite assemblage of finite 
tigure^s, such that when any two of them are made to coincide by one of 
the processes of symmetrical njpetition (including herein the mirror-image 
repetition to he mentioned presently) tlie wlnde system coincides with 
itself again. This is, of course, practically tho same as the definition of 
Schbnflies, and must l(*ad to the same results. 

If any point in <jnc of the figure's be chosen, ami the homologous 
points in all the figures of tho system bo sought, the whole complex con- 
stitutes a regular point-system. 

Those point-systems in wliicli only repetition about axes (screw or 
otJier) or simple translation is involved correspond to Sohncke*s systems, 

' y-'m*. /ioy. S(K’.t 1804, Iv. j). 1. 8oc al.so JV/il. Mag,, 1887, xxiv. p. 603. 

' »5ee for a short account Xvits, KnjsU Min,^ 1802, vol. xx, pp, 39>C2. 
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and are called ‘ simple ’ ; the remainder may be regarded as consisting of 
two ‘ analogous ' systems, the one the mirror image of the other, and are 
called ‘ double systems.’ 

The systems, as a whole, arc divided into three groups : (1) Symmor- 
phous, whose elementary ligu res possess the same class of symmetry as the 
system itself ; (2) hemisymmorphous, consisting of two analogous 

symiiiorphous simple systems, whicli togetlier make up a ‘double system,’ 
the latter itself not being symmorphous ; (3) asymmorphous. In the first 
class all the elements of symmetry meet in a point within each figure ; in 
the second class only the symmetry axes meet in a point ; in the third class 
none of the elements of symmetry meet in a point ; here, consequently, 
adjacent figures are diflerently ork ntated. 

Fcdorow first proves that thcj classes of symmetry of the regular sys- 
tems of figures are <mly special cases of the classes of symmetry of the 
finite figures, and that it is possible to have several rt'gular systems 
belonging to the ramo class of symmetry. 

The classes of symmetry are, of course, thirty-two in numljcr ; they 
an; limited by virtue of the fa<;t that tin; axes, wliethcr symmetry axes, 
screw axes, or axes of composite (alt(»rnating) symmetry, can only be two- 
fold, three-fold, four-fold, or six-fold. 

Tlie definition of the regular partitioning of space given by 8chbnflics * 
is practically identical with that given by?^ Fcdorow in his ‘Elements of 
Figures ’ in 1S85 : ‘A division of space into absolutely similar cells in 
which each cell is surrounded in the same way by the remainder.’ If in 
a regular system of figures all the figures dilate uniformly until they 
come into contact, tlie system is converted into one of cells regularly 
partitioning space. A noteworthy property of the ‘ elementary ’ or 
minimum cells is that tlip axes and planes of symmetry of the system 
cannot pass through them,'^ but must lie in their surfaces ; in other 
respects unless bounded on all sides by planes of symu^.etry their actual 
form is quite arbitrary. 

Here, again, Fcdorow introduces the classification mentioned above : 
(1) Symmorphous systems have the same symmetry as their cells ; here 
the cells are parade lohedra,^ and therefore arranged in parallel positions ; 

an arrangement of parallel cubes • (2) hemisymmorphous systems, 
which only have the elements of simple translation and rotation in 
common with the constituent cells ; c.y., the triangular prisms of fig. 1 ; 
here the parallelohedroii (rhombic prism of CO ) is composed of two 
‘ analogous ’ steveohedra (two triangular prisms) ; (3) asymmoi’phous 
systems in which the parallelohcdra are indeterminate and not neces- 
sarily closed polyhedra. 

Now a parallelohedroii possesses a centre of symmetry (centre of 
luv^ersion), and if it is a convex figure this centre lies within it ; if, on 
the other hand, it is concave, the centre lies without it. Further, in 
every convex parallel ohedron the faces are only parallel and equal in 
pairs ; and there are only four sorts of parallelohcdra, namely, those 

* d. h. Ges. d, Ciottingcn, 18S8, ix. p. 22:?. - Sec above, p. 32C. 

Like 1 rally’s violvciiles Houstractives Fodorow’s parallelohcdra arc more* geo- 
nie entities, and in many cases the grouping” of the stereoliedra which produces 
"^ery arbitrary. 'I’hc same stereoliedra can in all cases be groupetl 
hav parallelohcdra in an'infinite number of ways. The parallelohcdra will often 
even if the angles of the gtereolicdra of which they arc com- 

posed arc all salient. 
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ini'utionofl :\l)ovo, which p.^sscss I’ospoctivoly thrco, four, six, and seven such 
pairs of faces. 

I'lic followini; example illustrates tlio prineiph's described above, and 
is of special interest as repres<Miting a type consistent with the .symmetry 
of the mineral dioptase wliioli lirst led to an extcmsion of Solmcke’s 
theory. This min(M*al posscvsses an axis of tri^^onal combined with a 
centre of sjunmctry, its fa(‘e3 always oecurrinjf; in .sets of six, which arc 
all alike, and consist of three pairs of parallel fac(*s. (The .symmetry 
may eipially well be described as due to the operath>n of an hexagonal 
axis of alternating .symmetry.) 

Kig, 10 n'prcst'iits a system of storeohedra arranged in accordance 
with this symmetry: (he .stcreohedra are of two .sorts (li and L), one sort 
being tln^ mirror- image of the other ; the structure is s3immorphous. 
A scries of points similarly situattsl, one within each stereohedron 
11, would constitute a Sohnekt'-.system : a "double system^ of points is 
obtained by adding a series similarly situated, om^ within each ster(‘0- 
heclron L. Tlie tigure also shows the manner in which tiic stereohedra 


I'n;. 10.* 



can he grouped in sots of six to form parallelohedra, which iti this case 
arc rhombnhodra. (Jonsecjuently a rhombohcciral partitioning of space is 
consistent with the given tyj)c of symmetry. 

From the principles laid down in the niemoirs numtioned ahovc, 
Fedorow is able to deduce all tlie po.ssible typ(\s of symmetry which 
characterise either liomogeneous systems of ligure.s, or homogeneous 
systems of points, or the lioiiiogeiieous partitioning of space. 

Th^^y lire 'J'lO in number, and are identic;il with those established 
indopondcjitly, as stated above, by »Sclibnjli(‘s. 

Fedorow\s theory of crystal structure, which is based ui^on his 
parallelohedra, will bo considered later. 

The ro.sult attained by Fedorow and Sclihnflies, that homogeneous sti uc- 
ture.s, if cla.ssitif?d by their symmetry, can Imj distinguished not only iut‘» 
thirty-two classes but into Lb‘.10 kinds which Ijcdong to these thirty-two 

* The ptcrcrdicdra are .shown in.thc figure slightly drawn apart to make tko 
arrangement clcarcT, >)iit in fact they till space witlioiit interstices. 
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classes, v«ras arrived at by William Barlow ' by a somewhat different 
reasoning?. 

Thobixty-fivft point-systoins of Soliiicke aro of two sorts : some of tlioin 
arc identical with their own mirror-images and some are not. Further, there 
are some very simple homogeneous structures whicli ai*e not fidfy repre- 
sented among Sohnck(i’s systems. An example will he given directly. 

Barlow designates th(j idcmtical symmetrical rc^fietition of parts through- 
out space, as inve*stigated hy Jordan and Solnickc; hy the title ‘lioiiio- 
f»’eneoiis struetun»,’ and his definition of such a structure is very similar to 
that givt’ii hy Fedorow of a regular system of figures, lie shows that the 
point systems obtained hy taking all the homologous points in such a 
structure are Sohncke\s point-systems, and that every such structure is 
capable of tln^ coincidence-movements of some one of Sohiicke’s sixty* live 
systems and of no other. 

Suppose, for example, a nundier of ecjual cubes to Ixi stacked together 
in the most regular mann(?r, and let any geonn.‘ti ical point he taken within 
om*of the cubes. Iherc arc witliin this cube twenty-lhrcc other points, at 
the sarm^ distance from its centre as the lirst, wliich have identically - the 
same relation to the whole stack, so that the lattci* presents the same 
asp(‘(.‘t when viewed from any omi of the twenty-four point.s 

These twenty-four points ronstitutc a Sohnckiaii l^l-punktner, and when 
corresponding points are taken in all the cubes Hohneke’s system OH is 
obtained. 

By a method of ileveloping structures of higher symmetry from those 
of lower symmetry, Barlo\v obtains ad Solincke’s sixty-iive sets of coin- 
cidence-movements, and points out that corresponding to each of tliese. 
sixty-live systems is a class of homogeneous structure which is 'not khnitu'nf 
n'itli ita own ‘niirror-lnntfjr. ]lo then remarks that the additional 
property of identity with mirror image can be displayed by homogeneous 
structures in a delinite number of different ways, and that this enables 
us to distinguish other types of symmetry besides the sixty-li ve types 
established without this p)roperty. 

For example, h‘t a line be drawn from each point of one of the 
24-poiut groups above described through the nearest cube-centre, and 
prolonged to an 0 (pial distance oii the oj.)posite side. The twenty-four 
points thus obtained, together with all similar poiiits, constitute a second 
Sohneke-system which is the mirror image of the first ; from each of thorn 
the aspect of the structure as a whole is the mirror-image of its aspoi t 
from any one of tht», first set. The two together represent fully the true 
symmetry of tlie stack of cubes, which is thus shown to possess a liigher 
symmetry than the simple Sohneke-system derived from it. 

If, now, space is to be filled with similar nnnitjtnnwtricaJ colls, instead 
of cubic cells, one such cell must enclose each of the first system of ]H)intr., 
and anotlier which is its mirror-image must similarly enclose each of the 
second system of pxiints. In tlie original paper the diagrams of symme- 
trical partitioning which arc introduced make this conclusion easier to 
tollow. The ceils clearly correspond to the Fn'tidainentalberciche of 


* ‘ Ueber die goomotrisclicn Eigon.schancr. hnmogcnor stnrror Strnctureii nnd iliro 
Anwendung auf Krystalle,’ 18 )*, 'ol. xxiii. pp. and ISVa, 

XXV. p. 8f). ^ j , , 

having a iDirror‘ image relation to the pjiut Bclcotod arc not lierc taken 
into consideration. • 
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Sehonflu=<i5, and must, as stated above, contain on their walls all th< 
elements of symmetry of the structure. 

The double system just obtained might have been constructed in anothei 
way. Thus, draw a line from each point of the 24-punktner perpendi 
cular to a plane of symmetry of the structure, and produce it to an equa 
distance on the opposite side ; the system so obtained is identical with 
tliat pnn’iously obtained by the employment of centres of symmetry, 

A homogeneous structure consisting of material of any .sort or shape 
wliicli contains points of two kinds like the above is identical with its 
mirror- imago. 

All the possible types of homogeneous structures are con.structed in 
the following way. Take a Sohneke point-system and, whore possible, 
insert into it the mirror-image of itself (i.e., the cnantiomorphous Sohneke- 
system) in such a way that the coincidence-movements of the two coincide 
the Sohneke-system obtained from 11 of fig. 10, combined with that 
obtained from L). 

The two constituent systems are then related to ('ach other in one or 
more of throe mode.s, either (1) across a centre or centres of symmetry so 
that they are oppositely orientated in every direction, or (2) across a plane 
or jd.ines of either ordinai'y or gliding .symmetry, or (3) they are opposed 
to each other with reference to one direction and are at the same time 
orientated at right angles to each other. 

His third mode is in reality the method of repetition, used liy 
Feclorow, Schbnilies, and Curie, which lias an axis of alternating 
symmetry ; Barlow employs it only in the case of the totartohedral 
symmetry of the tetragonal system because the other types which possess 
symmetry of this nature possess also the symmetry of one of the other two 
moc](\s, and have therefore been already found. 

By applying these three modes of duplication to Sohneke’s »ixty-fivc 
systems, Barlow deduced the same 2’iO types of symmetry which were 
(iistingiu.shed by Fedorow and Schbnflic.s. 

The table of the IGo additional .sy.stcms given by Barlow has this advan- 
tage, that it distinguishes chiarly the onantioniorphous systems from those 
which pos.sess mirror-image syrnmfitry, and shows tlie mutual relations 
of the two enantiomorphous systems of which a double .system consists, 
and further indicates the exact position of some of the centres and 
planes of symmetry in the structure. 

Points of the structur<3 which lie at these centres or upon axes or 
planes of symmetry (‘ singular points ' of Barlow) are clearly less numerous 
than any other sets of homologous points in the structure. In the stack 
of cubes, for example, the centres of the cubes are less numerous than the 
most general sorts of homologous points within the cubes. As explained 
above, there arc two sets of twenty-four points each surrounding each 
centre ; it is evident, therefore, that the least symmetrically situated 
points are no less than forty-eight times as numerous as tho centres. 

JJarlow’s theory of crystal structure, wJiich is based upon the principle 
of close -packing, will be considered later. 

Any account of the geometrical thcorie.s of cry-stal structure which 
omitted reference to the important work of Lord Xedvin would be very 
incomplete. TJiis author has investigated the problem of the hona<^ 
geneous partitioning of space, and, as was mentioned above, established 
independently the tctrakaidekahedroii (Fedorow^s heptaparallelohcdron; 
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as the most general form of cell belonging to such partitioning. The 
fourteen walls of this cell are not necessarily plane.* 

Most of his papers cited below relate to the equilibrium of mohicular 
systems, and will therefonj be more properly considered later in con- 
lujction with that branch of tlui subject. A di.scussion of the relation - 
ship between the three asptets of the problem of crystal .structure - 
namely, homogeneous assemblages of points, partitioning of space, and 
close packing of similar bodies - forms, however, an irnportajit part of 
the ‘Boyle Lecture' published in 1S‘.)4.- 

The assemblages of points coiisi(h*red by Bravais and Sohneke may bo 
replaced by solid bodies in contact with <*ach otlirn’, (»r by closc-litting 
cells ; so also, in the more gem*ral case, the Jnttulainf iifalbfn'f irJie of 
Schon6ios may be occupied by points, by solid bodies, or Ijy portions of 
solid bodies. Lord Kelvin considers these problems on the basis of the 
Bravais assemblage, and treats very fully of the partitioning of space 
into identical sameway-orientated cells. 3Iis definition of hfunogencity is 
therefore more liniited than that of the writers su])scqucnt to Bravais. 
Thus he says : ‘ The homogeneous division of any volume of space means 
the dividing of it into equal and similar parts, or celLs, all samt'ways- 
oriented. If wo take any point in the interior of one cell and corre- 
sponding points of all the other cells, these points form a homogeneous 
assemblage of single point-s, according to Bravais' admirable and import- 
ant definition. The general problem of the homogeneous partition of 
space may be stated thus : (Bveii a homogeneous assemblage of single 
points, it is required to find every possible form of cell enclosing each of 
them subject to the condition that it is of the same sh.ape and sarneways- 
oriented for all.' ^ 

The manner in whicli the phy.sical and morpliological properties of a 
substance may be represented by a geometrical (‘oll-partitioning is 
illustrated by Lord Kelvin's elegant model of quartz described in th(} 
Boyle Lecture.* 

Among the systems studied by Lord Kelvin are those of atoms endued 
with inertia a)id held in equilibrium by Boscovichiaii attractions and 
repulsions.'"’ As a pos.sible structure for an ice crystal, for example, com- 
posed of Boscovichian atoin.s, according to this principle, a system is 
propo.sed consisting of two interpenetrating space-lattices of rhombohcdral 
symmetry.**. 

William Barlow, again, in a paper entitled ‘ A ^AFechanical Cause of 
Homogeneity of Structure and Symmetry geometrically investigated,' ‘ 
has given numerous examples of the manner in which stacks of close- 

' ‘On Homopfenoous Division of Space,’ 7Vcc. Tfoj/. Soc.. 1891, Iv. pp. l-lCi ; ‘On 
Ihe Division of Space with IVIinimiiiu Partitional Area,’ 7V/«7. 18S7. scr. T), xrciv. 

bp. 603-514 ; * The Molecular Constitution of Matter,’ Proc. Sue, JiWi/i., 18sp, 

xvi. pp. 693-724. 

“ * Tlio Molcculnr Tactics of a Crystal,’ The Second Boyle Lecture, 1891, Oxford. 

" Pror. If 01 /. Sor., lyOl,* Iv. p. 1. ' 

1 . 62. (y\ ffiso * riezo-clectric PropertY of Quart/,’ PJiU. 1893. ser. 5, 

5CXXV1. pp. 331-340. 

‘ The Elasticity of a Crystal according to Boscovich,’ P/iil. J/cy., ISO^lj-ecr. o, 
s^nd Proe. Itoy. Soe., 1891, liv. pp. 59-75. 

tT Molecular Dynaniica of Hydrogen Gas, Oxygen Gas, Ozone, Peroxide ol 

iiyarogen, Vapour of Water, Liquid Water, leu, und Quartz Crystal,’ P extort Brit 
^98oc., 1896, pp. 721-724. 

" -Pw. Pity, Soc., 1897, viii. pp. 627-G90. 
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packed spheres, either e^iual or of two or three diiTereirt sizes (reprC' 
sontiiig the atoms), may be constructed so as to possess the symmetry of 
many liolohedral, hcmihcdral, or tetartolicdral crystals, and to bo in 
harmony with their physical properties.^ 

Among recent writers mention should be made of C. Viola. He has 
employed the method of iiuarternions to dert\ e the thirty-two classes of 
crystal symmetry - and has also given an elementary exposition of these 
classes based ii})ou the planes of symmetry.^ in a recent paper ^ he 
(piestions the ultimate validity of the law of rational indices. 

It is sutlicient here to point out that all the? syst(‘ms deviseid by Kelvin, 
Itarlow, Turner, Sol las and othe'rs, being homogeneous arrangements, 
must corrt‘spond getnnetiieally to one <a* other of the types of 

Sclniiitlies and Fedorow, and must all, as to llieir symnietiy, be ultimately 
reduciblt! to a ct'rtain number.of interpenetrating space-lattices. As they 
go ht'vond the geometry ot the subject their consideration is postponed 
for the present. 

Snnmiary. 

With the establishment <»f tin*. *J30 t^pes of structure thf3 purely 
geometrical study of the problem seems to have attained something like 
linality. The liist<.»ry of its development, as sketched above, is the history 
of an attempt to t'xpress geometrically the physical properties of crystals, 
and at each stage of the ])rogress an appeal to their known morphological 
properties has (Iriveii tlu* geometrician to widen tin? scope of his inquiry 
and to enlarge his delinitioji of homogeneity in order lliat it may include 
types of symmetry which did not fall within the more restricted delini- 
tion. The necessity of (‘xphiining homiliedrism led to the system of 
»Sohncke ; the necessity of accounting for the known symmetry of dioptase 
led to the further extension of 8ohncke/s principles. 

The two most satisfactory features of the tinal geometrical solution of 
tin? problem are the following: (1) A single j)iinciph? — namely homo- 
geneity according to the wider dclinition is sullicient to account for the 
two leading characteristics of crystals, their ivoiotropism, and the law of 
rational indices. (2) The lines are now laid down within which specula- 
tion concerning the actual structure of any crystallised substance can 
raiige. 

There are three j)i’oblems to be solved in explaining the structure of 
crystals : (J) What are the parts of which a crystal consists']? (2) Ilow 
are they arranged (.‘3) Why are they arranged in this particular 
way ? 

We ha\'e now good reason to believe that a partial answer has been 
found to th<? second question, and that wbate\er may Ije the parts of 
which a crystal consists they must be arranged according to om? or other 
of the 230 types of syiriTuetry ; Solmcko systems and liravais sp/ice- 
lattices are, of course, .s])ecial cases of these. •* 

' (’oinparc also A. Turner, J)aH Prohlcm. tier KryHtfilUmtiOH^ JjCipzig, 1 S 97 , and 
AV. .T. Hollas ‘On the Intimate Htrccture of Crystals/ Proc. Hoy, Sue., 18118, Ixhi. 
jjj). 270-1100; l‘M)l, Ixvii. j)p. lO.i- l!)!;, 

=* Ueber flic SyinTiuitric dcr Krystallo und Anweiidung der Quatcrnionreclmung* 
Xenm Jahrh., 15 ilago IW). x. pp. 

® Kleincntare Dar.-tellung der 02 Kryslallkl.T .so, Kryat. JV//W., 1897, xxvii 

l)p. 1-40. 

* Zur UegiUMduiig dor Krystal IsynnnctricD, lid.f 1901, xxxiv. pp. 353- 'J88. 
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It is true that by placing suitable bodies (molecules endowed with 
certain symmetry) at the nodes of a space-lattice all the properties of a 
crystal may be accounted for, but there seems no sullicient reason for 
limiting the problem in this manner. The material occupying the 
Fitndaimnfalbereickfi of Schonflies, or represented by a generalised point- 
system, may always be supposed grouped aV>out the nodes of the underlying 
space- lattice if recjuired, so that what were at first regarded as so many 
units come to be the parts of a single composite unit ; but in some cases 
the latter, like some of llaiiy's mulecutcs sonstraefives, must be a mere 
geometrical fiction. 

Until we know more about the units of which the crystal really con- 
sists, there will necessarily be speculation as to whether the units are 
situated at the most general sorts of homologous points in a given type, 
or whether they are symmetrical bodies situated at the singular points ; 
whether they arc all of the same sort or of more than onc^ sort. 

It is proposed to consider in a subsequent report some of the mechanical 
and physical conceptions which have been employed in discussing the 
possible structure of crystals, and the definite structures recently ascribed 
to certain substances. ^ 


The Mocenirnh of linden/ round of North -irest YorJeshire . — 

Second Ileport of the ( konmiitec^ (:onsi,<fin(j (f Professor W. W. 
Watts (rhoirman), JMr. A. II. .DwKRRYHorsK (Secretari/)^ Pro- 
fessor A. Smitiiells, llev. E. Jones, Mr. Walter Morrison, 
Mr. G. Bray, llev. W. Lower Carter, Mr. W. Fairley, "Mr. 
P. F. Kendall, (or/* Mr. J. E. Mahr. 

The Committee are carrying out the investigation in conjunction with a 
committee uf the Yorkshire (Geological and PoK technic l^ocietv. 

The work of investigating the flow of nndor^ronnd wat'*r in Tnsrlp. 
boro’, d»‘Sv ri Kid in ihe nqo i pre enMN; tv iln' A. -u i. ' a ■!. 

ibadford meeting, was resumed by the (.%mnnittet' (Ui Noveiiibi*r 10, 
1900, when it was determined to study the underground course of a small 
stream known as Hard Gill. 

riiis stream rises, on the south side of Tngleboro’, in a spring at 
1,000 feet above the sea, and Hows for a distance of about half a mile 
over boulder clay. 

It then reaches the bare limestone and commences to sink near the 
eastern corner of the croft at Crina Bottom. 

In wet weather the stream is not entirely absorbed at this point, but 
flows on past the liouse at Crina Botttmi, and enters the rock at Rowan 
-tree Hole (Rantree Hole on G-in. map). 

At the time of the experiments the water of Hard Gill was entirely 
absorbed betweei^ the point where the 1,200 feet contour crosses the 
stream and the eastern corner of tlie croft, and consequently the invest i- 
bo^*b? ^ P'^l^an Tree Hole, ihe primary object of the excursion, had to 

It was found, however, that the bulk of the water w'as absorbed at 
® point where the 1,200 feet line crosses the stream, and consequently 

P'l^bshed by Mallard, Livcing, Fedorow, Kelvin, Wulff, 
1 Tutton, Sollas, Qo'clschuiidt, Viola, and others. 
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it NViis cleterminod to introduce one pound of Fluorescein into the open 
ioint down which the water was flowing. 

Tliis was done at '2 p.m. on November 11, and before 7 a.m. on the 
1 2th the water of the large spring at the reservoir in the Ureta Valley 
was strongly coloured. 

After introducing the Fluorescein a general survey was made of the 
direction of the joints in the limestone in tin? neighbourhood of the sink 
and on the elints above Crina Bottom, with the following results : — 

Joint at ‘ sink * . N. 55® W. 

(.)n ‘dints’ iu*ar sink . . . . N. 5® W. 

On ‘ dims ’ above and to the west of , . (main) N. 50® VV. 

Orina liottoiu . (secondary) }S. 25® W. 

Tlie spring at the n?servoir is thrown out close to the line of 
junction of the (Jarhoiiiferous Limestone with the underlying Silurian 
rocks, and the line from the sink where the Fluorescein wjis introduced 
to the spring runs N. ofd W. — that is, in the direction of the mastt‘r 
joints in the limestone. 

Thus, again, it has been demonstrated tliat the direction of under- 
ground llow is determined by that of the masU*r joints in the limestone. 

Afier a considerable though unavoidable delay the work was resumed 
on June 21, 1901, wiieii Alum Pot, on the Ribblesclale side of Ingleboro’, 
was the scene of operations. 

The joints in th(i neighbourhood of Alum Pot are more complicated 
than in the parts <jf the district previously investigated, there being three 
sets of joints, all more or less irregular in places. 

Close to Alum Pot there arc two sets running S. 5® W. and N. 80® E. 
respectively. 

Thirty yards higher up Alum Pot J)eck they run due N. and S. an<l 
N. 80® E., the north and south joints being the stronger and more con- 
tinuous. 

On the* ‘elints^ 100 yards above the Pot there are three sets of joints, 
as follows, viz. — ■ 

Master . . . . N. 10®E. 

secondary. . . . 

One pound of Fluorescein was put into the stream flowing Into Alunl 

Pot oil Friday, June 21, at 7 p.m. 

There was not much water flowing at the time, and a few days after- 
wards several im])ortaiit springs in the neighbourhood ran dry, including 
that at Turn Dub, on the opposite bank of the Ribble, which is the 
reputed outlet of the Alum Pot stream. 

The springs commenced to flow again a few days later 5 but although 
they were carefully watched, as was also the liver itself, no trace of colour 
was seen. 

It was therefore concluded tiiat either the Fluorpscein had passed 
into one of the other river basins or had become so diluted as to be 
invisible. 

This experiment having proved inconclusive, a further one was com- 
menced on Thursday, September 5, the results of which are not yel' 
known. 

Owing to the long delay caused by the drought and other circum- 
stances beyond their control, tho Coininittee have been unable to 
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complete the work during the present year, and therefore ask to be 
reappointed and to be allowed to retain the unexpended balance of the 
grant made at the Bradford meeting. 


rhoIcKjrdjtliii df (MOolotilcaL Titterast hi the United Kiiujdom. — Twelfth 
Ueport ff the Committee, consistuuf of Professor JAMES (lEIKlE 
(Cliairnifui), Dr. T. G. Bonnev, Professor E. J. (Iarwood, 
Dr. Tempest Anderson, ^Ir. (Jodfrev BinciI.ev, Mr. II. Coati:s, 
^Ir. 0. V. (’rook, -Mr. J. G. Goodcihld, Mr. William Gray, Mr. 
UoiiERT Kidston, ^Mr. A. S. Reid, Mr. J. J. II. Teall, 
Mr. \ l . Welch, Mr. If. B. Woodward, Mr. F. Woolnough, 
(ind Professor W. W. Watts (^Secretorf), (Drawn, iq* laj the 
See ref a ri /.) 

The (Jorninittee have the honour to report that during the year 241 new 
photographs liave been received, bringing up the total number in the col- 
lection to 2,890. 

In addition to this 3 prints and 3 slides liave been given to the 
duplicate collection, making a total of 247 photographs received during 
the year. 

A scheme .showing the geographical distribution of the photographs is 
appended. There are no new counties on the list, but the following 
countic.s arc no\v much b(‘tter represented than hitherto ; — Cumberland, 
Derby, Durham, Lincoln, Norfolk, Northumberland, Wiltshire, and Pem- 
broke. Cambridgeshire continues to share with Rutland and Hunting- 
don the distinction of being unrepresented in the collection. There are 
three Welsh counti(*.s unrepresented, eh?veu in Scotland, and fourteen in 
Ireland. As J3rccknock, Dumbarton, itoss-.shire, Wicklow, Kilkenny, 
and Waterford are amongst the.se counties it i.s evident that the work of 
the (Joinmittee cannot yet be considered complete. 

To thi.s year’.s collection the most noteworthy accession is Dr. G. 
Abbott’s set of photograph.s of sections and .specimens illustrating his 
study of the remarkable concretionary structures exhibited by the Mag- 
ne.sian Limestone of Durham. 

Another important contribution is a beautiful series of views illus- 
trating problems on Physical Geography and Geology in the Cheviots, 
taken by Mr. G. Bingley and Mr. Hastings. The former also sends 
photographs from Yorkshire. 

Mr. (loomara-Swiimy has taken photographs in Lakeland and Wilt- 
shire, and Mr. Monckton in Dorset, JSurrey, and Bt^rkshire. 

Mr. A. T. Metcalfe contributes an intc^resting s(uies of glacial photo- 
graphs from the Norfolk coast, and a set illustratiiig the volcanic vents 
of Derbyshire recently de.scribed by Sir Archibald Geikie. 

The Hull Geological Society and the Croydon Microscopical and 
Natural History Club send some local photographs, and the members of 
the North Staffordshire Field Club also continue their contributions. 

Mr. Jerome Harrison sends some exceptionally beautiful and interest- 
ing pictures of drift deposits and of striated boulders, of glacial pheno- 
o-bout Snowdonia, and of surface creep. He alst) sends illustrations 
Paheozoic and pre-Paheozoic rocks in the Midlands, while the XJriconian 
rocks of Shropshire have been photographed by Mr. Buddicom as well. 
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To these gentlemen and to the contril)utors mentioned below tlie 
Committee tender their thanks : Professor W. Ilillhouse, Professor E. J, 
Garwood, Mr. J. If. Galdock, Mr. W. S. Parrish, Mr. J. A. Cossins, the 
Rev. C. F. L. Barnwell, ^Fr. H. J. Steele, Mr. F. W. Ilobarts, Mr. W. B. 
Bannerman, INIiss M. 8. Johnston, A[r. J. W. Stalher, Mr. Watson, 
Miss M. K. Andrews, an<l ]\Ir. W. W. Midgley. 

Tlie Committee notice an increasing tendency on the part of contri- 
butors to send in enlarged photographs. If the enlargement shows 
details not easily visible on the originals, and if they are sharp and clear, 
this is an excellent thing. But unless this is the case enlargements do 
not appear to possess aiTy advantage over the smaller photographs ; 
indeed, rather the reverse ; while they occupy considerably more storage 
room. ‘Fuzzitypes* have no precise functions in illustrating geological 
phenomena. 

The Committee would again call attention to the insertion of a scale 
whenever possible into the photographs — not an ordinary foot-rule the 
divisions of which are invariably invisildo, but something of average size 
which cannot be ca.sily mistaken — the human figure, a walking stick, 
camera-case, hat, pencil, or coin. 

The additions to the duplicate collection number only six; Several 
others are in hand ; but it is thought advisable to hold them back for a 
time in order to get complete sets on certain subjects. 

The duplicate collection has been sent to Natural History Societies at 
the following places : — Dulwich College, Halifax, Haslemere, Higligate, 
Accrington, and Woking. 

The little sot of photographs which was framed for exhibition at 
Paris in 1900 is now displayed in the Museum of Practical Geology at 
dermyii Street. Tho silver medal awarded to it, or rather the bronze 
copy theieof, will^loubtless be received at some future time. 

^ Iho scheme for publishing a selection of typical geological photographs 
iss progressing, in spite of a series of unforeseen delays. The lir<it bj\tch 
prints and slides will shortly be issued, and the preparation 
^ second and third batches will be proceeded with, 
sh by local societies for the loan of the duplicate collection 

tt be m^ide to the Secretary. Either prints or slides, or both, can be 
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Rcgd. 

No. 

2745 ( ) Thiirlr^sloiic Sands, W. of Oiitlior of Now Red Sandstone resting 

Kingsbridge. unconformably on Slates of the Torcross 

(Jroiip. lt)01. 

2746 ( ) Thiirlostonc Sands, W. of Outlier of New Red Sandstone. 1901. 

Kingsbridge. 

2747 ( ) Tliurlestone Sands, W. of „ ,, „ 

Kingsbridge. 

2748 ( ) Thurle stone Sands, W. of „ „ „ 

Kingsbridge. 

« 

Dorset . — Photographed hg IT. W. Moxckton, F.C/.S., 3 Ifarcourt 
Jiuildingsy Temple^ E.C. 1/1 E. 

2672 (I six;") Durlstono Rav, Swanage Middle rnrbeok Stone Reds. 1900. 

2673 (1^97) 

2674 (lUO) Near (Rand Hotel. Swan- Wcalden Reds. 1900. 

ai(e Ray. 

2675 (M-0) Runficld (^ove, Swanage Shell -bud of Perfen tisprr zone of Upper 

CJr»‘ens:ind. 1900. 

2676 (1 121) „ „ Shull-bud of Prrten nupcy* 7f>no of Upper 

Greensand. 1900. 

2677 (1 1:J9) Tilly Wl.im ‘Caves,’ Rlock of Portland Oy.ster Rod. 1900. 

Swanage. 

2678 (142tl) West Hill and St. AlKaiTs Portland Stone, Sand, and Kiineridge 

Head, above L hapmairs Pool. Clay. 1900. 

26 79 (1427) ClilY, K, of St. Alban’s Portland Stone and Sand, over Kimcridge 

Head. Clay. 1900. 

2680 (1449) The Agglestone, near Concretionary Sand- rot',k weathered out of 
Studland. Ragshot Reds. 1900. 

See also DURHAM. 

Durham . — Photngraphed hg Dr. D. Arrott, 33 Upper Urosvenor Road^ 
Tonbridge Wdh. Three bg Messrs. Johnson and Bird, Tunbridge 


11' 

iUs, 1 - 1 


2749 

(14 ) UulwuH t)uarry, near Sun- 

Section of IMagnesian lamest one, showing 


diTland. 

eoiioretionary .stnuiture. 1900. 

2750 

(I.'j) Hi-ndon Shore . 

Depo.^itiori i)artings in (toncrctions. 1900. 

2751 

(Hi) Hendon Shore (some in 
Rritisli Mu.-eum). 

Finger-like rods. 1900. 

2752 

(17) I'uhvell .... 

Rods and softie honey«"ombs. 1 900. 

2753 

(IS) Riiilding Hill, .Sunderland. 

’od structure. 1900. 

2754 

(19) Rnibling Hill, Surnlerlaml. 

J.arge .'Jiiherionl concretion. 1901. 

2755 

(1078) (In Rritisli Museum) 

Hods coatecl with crystals „ 

2756 

(1072) 

Rod .structure. „ 

2757 

(1147; 

Rofis on each side of bafid. „ 

2758 

(10^4) 

Rods, .short and thick. 

2759 

(988) Fulwell .... 

Hods gniwn downwards. 1900. 

2760 



Rods grown upwards. „ 

Rods grown horizontally from cleavage 
clefts. 1900. 

2761 

(990) „ .... 

2762 

(0^7) 

Nodes on rods. 

2763 

(20) Hendon Shore . 

‘Honeycomb.’ 1900. 

2764 

(21) Fidwcll Quarry . 

„ 1899. 

2765 

(2‘2) H(?nflon Shore . 

„ 1900. 

2766 

(2.’») Ruilding Hill, Sunderland. 

»» »» 

2767 

(24) Fulwell Quarry . 

Honeycomb. 1901. 

2768 

„ 

„ 1900 

2769 

(2t>) „ ,, . . . 

» «• 

2770 

(*27) 

»» »» 

2771 

(2x; 

*» n 
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No. 

2772 

2773 

2774 
2776 

2776 

2777 

2778 

2779 

2780 

2781 

2782 

2783 

2784 

2785 

2786 

2787 

2788 

2789 

2790 

2791 

2792 

2793 

2794 

2795 

2796 

2797 

2798 

2799 

2800 
2801 
2802 

2803 

2804 

2805 

2806 

2807 

2808 

2809 

2810 
2811 
2812 

2813 

2814 

2815 

2816 

2817 

2818 


(2!)) Fill well Quarry . 

(II & 12) Hendon 
(2) Fulwell .... 
(ilO) (Hancock Museum, New- 
castle) 

(!)l)2) Fulwell (British Museum) 

(1003) 

(091) 

(1027) „ 

(1091) Fulwell .... 

(1128) 

(1088) ...... 

(1040) „ . . . . 

(1181) 

(li:«») 

(1097) Fulwell (British Museum) 
(1099) „ 

(lor^O) 

(1051) 

(1130) 

(9!01) Fulwell .... 
( 1029) Fill well (British ^liKseum) 

(998) Fulwell .... 

(999) Fulwell (British Museum) 

(1032) „ 

(1035) „ 

(31) Fulwell. 

(1) Fulwell (British Museum) ♦ 

(32) Fulwell .... 

( 8 ) 

( 101 8) F ulvvcll ( Brit ish Museum ) 
(1004) „ 

(108.4) ,, ,, , 

(1082) „ 

(1052) „ 

(990) Fulwell .... 
( 1 098) Fulwell (British ^luseum) 
(1015) „ 

(1149) Fulwell , . . . 

(1101) 

(1123) „ . . ♦ . 

(1144) 

(1100) Fulwell (British Museum) 
(1077) 

(1102) Fulwell . . . . 

(1092) Fulwcll(Biitish Museum) 

(113.5) Fulwell . . . . 

(IHO) 


2819 (1142) 

2820 (994) Fulwell (British Alusoiim) 


2821 

2822 

2823 

2824 

2825 

2826 


(995) Wtiymouth, Dorset (Two 
in British Museum). 

(100) Wall of Jlarnburj^h Castle, 
Northumherland. 

(33) Fulwell . . . . 

(?4) 

(35) Parson's Rock, Iloker 
(30) (British Mascum) 


Honeycomb, cut and uncut surface. 1901. 
Honeycomb, showinj' conical nodes. 1900. 
Honeycomb and ‘ cauliflower ' concretion, 
1900. 

Honeycomb. 1901. 


»f ** 

„ see 2767. 1900. 
Coralloid. „ 

„ Ripple-marked. „ 


ft >♦ 

see 2803. „ 

»f >» 

If »» 

ft »» 

ft 1' 

fi 

»? »* 

If »’ 

If 

ft " 

Coralloid, segregation bands. 1901. 

M I? f» 

Coralloid, see 2799. «« 

Honeycomb, to show cleavage across rods, 
1901. 

Primar}’^ bands and rods. 1900. 

Banding of honeycomb and primary band- 
ing. 1900. 

Segregation bands in mortar. 1899. 


ji jf *» ” 

Pseudo- organic structure, 1900. ^ 

f« .. »> 

Cannon-ball bed. 1899. 

Egg and balls, single and compQUUd. 
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UEPOUT — 1901. 


Ros;(1. 

No. 

2827 (37) riilwell .... RotryoiMal mnssos, Fome with * undorcoat 

bandin*;.’ U>0(). 

2828 (38) • lh)t ryoidal masses, some with ‘ undercoat 

banding.* 1 ‘H)0. 

2829 (30) .... Mass of halls. 1000. 

2830 (10) liondon Shore . . . Ralls and hands in alternate layers. 1000 

Kent. — PhofotjytKphcd Inj J. 11. Or**rthih', St, Lpa'intriVs Rond^ 

Croydon. Svnt thnmyh tlir Croydon 21 icroscopical and I’Tainral 
History CInh. 1/2. 

2681 (3) (i ravel pit north t»f raihvny, Oldhaven IVhhlc Red-s, ISOO, 

Short lands. 

2682 (4) drawl ]Mt north of railway, „ „ „ „ 

Short lainis. 

LlXCOhNsiiiiiE . — rhofographrd hy \V. S. P.ahimsii, 2 Walthntn Sfrrrt^ 
IhiU. Sr}if through fhr I/utI (icologicat Sochty. 1/1 K. 

2877 (IS) 4 ni. from Frodinfrham Lower l.ias, Frodinufham Ironstone, with 

Iwiihvav Station. ovcrlviiiLr 1 eds of peat and jrravel. 1808. 

2878 (10) J 111 . from Frodingliam Lower l.ias, Krodiiifjrham Iron.'-tone, with 

Railway Stati«'n. overlyinir hods of peat and jxravel. 1808. 

Nohfolk. — Vhotographrdhy A. T. !Met(‘.\i.fe, /’//.N,, SontlnreUy 

Kotts, 1 / 1 . 

2683 (d I.*) dlilT hetwoen Wot Run- donttirted Prift. lOOO. 

ton ^ Sherri iifcham. 

2684 (d It*)) ('li'f bet ween West Run- (’ontorted Diifl and Glacial Sands. 1000. 

ton an<l Sherrin^hain. 

2685 (d 17) ( Mi between West Run- Coniortitcis in Glaelal Sands an»l Gravels. 

ton and Slierrin^ham, lUOO. 

2686 (O Is) Cliif just F. of Sherrintr- ( *on tort od Drift. 1000. 

liani. 

2687 (G LM) Norwich • . , House oe,ciipi(;d by Professor Sedgwdek 

when Canon of Norwich. 1000. 

Nouthumuf.rland . hy (|. BixdLKY, Thorniehurst^ 
Hoad i vgh y^ Lr^ds, 1 / 2 . 

2688 (527ri) Shining Pool, llarthopc Lateral Moraine. 1000, 

Ruin, near Wooler. 

2689 (.’>270) Relow Shining Pool . Andc-^^ite Hills, with Hcdglioppc in back- 

ground. ll'OO. 

2690 (r»277) From Shining Pool , Moraine? material, containing blocks from 

the Tweed Valley. lOOO. 

2691 (.^280) Cheviot from Langleo- Junction of Granite and Roriihyrite. 1900. 

ford. 

2692 (5282) Hoiisey Crag, Langlee- Fresh Andesite, resting on Porjibyrite. 

ford. 1900. 

2693 (5290) South Rank of Harthopo Junction of Granite and metamorphosed 

Burn, Langlee. J’orphy rites. 1900. * 

2694 (5291) ■} m. west of Caldcr Overflow valley o^ glacial lake of the 

Farm. Breamish. 1900. 

2696 (5292) Near continence of Green- Porphyrites. 1900. 
side Burn and K. Breamish, 

near Ingram. . 

2696 (5293) car confluence of Green- Porphyrites with talus slopes (‘glitters), 
side Burn and R, Breamish, 1900. 

near Ingram. 
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Bead. 

N<). 

2697 (r)2nr)) River Till, near Wooler . 


2698 (r>207) near Akold Burn, S. of 

White Law. 

2699 (5‘J'.)0) Mundny near 

Wooler. 

2700 (w.'JOO) Huinhlcton Hill, near 

Wooler. 


Photofjraphf^d hy («. Hastings 

2831 (171) (Mieviots from Tom Tol- 

ton’s Crap, near Wooler. 

2832 (17:0 View across Wooler Burn. 

2833 Wf)oler Burn, S. of Black 
Law. 

2834 (17'J) Golf Tiinks, near Wooler . 

2835 (hiH) Near Wooler . 

2836 (107) y(‘averinp Bell, near 

Wooler. 

2837 (1<»3) J Raid am Dene, near 

Wooler. 

2838 (162) We.st side of Akold Burn, 

above Gleadscloiipli, near 
Wo( )ler. 

2839 (161) From lluinbleton Hill, near 

Wooler. 

2840 (loH) Sbininp Pool, near Wooler. 

2841 (157) 

2842 (164) fanbope Burn 

2843 (156) Jlaithoj)e BuriiT, above 

Lanpleeford. 

28^4 (152) Hoii.sey Crap, Lanpleeford. 
2845 ( 351) tl unction of Hart hope Burn 
and Carey Burn, 


Forepround of Lower Carboniferous Rocks 
and Andesite Hills of Cheviot in dis- 
tance. !!»()(). 

Overllow vallf;y into Akold Burn. 1900. 

Overflow valley of a glacial lake. 1900. 

Dry gorge, the overflow of a glacial lake. 
1900. 


15 OaJi Lnne^ Ptradford, 1/2. 

General View. 1900. 

Dry vallov behind Humblcton. 1900. 
1900. 

Two .'•treamless re<“k-gorgos. 1900. 

Dr\’ valley. 19oj. 

Dry watercourse. 1900. 

Post-Glacial gorge in Carboniferous con- 
glomerate. 1900. 

Deep channel . 1900. 


Sy si cm o f d ry gorges. 1 90( >. 

Ridges and dry valleys. 1900. 

Dry vall(*y above, pool. 1900, 

Jointed Augit e-gran ito. 1900. 

Granite, veintMl with tourmaline. 1900. 

F resh An desite. 1 900. 

Cheviot Por])hyrites. 1900. 


Nottingiiam. — Photographed hy E. A. Bush, Engineer h Department^ 
(Jnlldhatly Nottinghanf^ and contributed hg J. Shipman, F,G.S, 

2879 ( ) Hemlock Stone . . . Stack of New Red Sandstone cemented b}' 

Barytes. LS99. 


Shropshire. — Photograjdied hy R. A. Budbicom, M.A., F,G,S,, 
The Museum, Plymouth, 1/2. 


2639 ( 

2640 ( 

2641 ( 

2642 ( 

2643 ( 

2644 ( 
2646 ( 


2646 ( 


) Caer Caradoc, from east 
slope of Hclmctli. 

) Caer Caradoc 

) ,. . . . 

) ., . . . 

) Caer (^aradoc and part of 
Hope Bowdlor Hill. 

) Caradoc, &c., from the Bur- 
way on the Longmynd. 

) View from luilf way between 
Wall’s Bank and Hope 
Bowdler. 

) Near Dorrington Station, 
near Shrewsbury, 


General view of folding. 1899. 

Synclinal fold in Uricoiiian Rock.s. 1899. 

!♦ '» »l 

Uriconian Rock.s. 1899. 

The Uriconian Chain. 1899. 

Cleo Hills, AVenlock Edge, &c. 1900. 

Two Boulders of grey (? Eskdale) Granite. 
1900, 
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KKl’ORT - 1901. 


Photographed by W. Jekomk IIaiiuisox, F.O'.S., !>'2 Clareimiit Road, 
IIiindiofQrth, lUrmingham, J/3. 

No. 

2658 ( ) Nonr tt>p of Caor Oamdoc . llrccoiatetl Rhyolite. 181)7. 

2659 ( ) Till* J>awk*y, from Coinloy I’riconian Hocks. 181)7. 

QuaiTy. 


Photoymphefl btj J . A. CossiNs, Foriito.v Rniidt Mosde.y^ 
Birmingham, i5/k. 

2846 ( ) Harrow, near Hrosoley . Fossil tree in Coal-moasurcs. 1901. 

H’TkYFCi\\mm\\v..-—JViofograplied by W. Jkro.me Hakhisov, FJ/.S., 
i)‘2 Cbirrmont Road. Jlaudsworfh, Birmingham, 12. 

2647 ( ) Kailway rutting, Aldridge . Foral mass in WVnlork Shah*. 1900. 

2648 ( ) ,, Fo.>isiliferou.s Wen lock Shale. 11)00. 

2649 ( ) 

2650 ( ) 


Vhofographt'd hg Rev. C. F. L. liARWVHLL, Sf ramdodf Viraragt\ JJffoxctrr, 
tkrtonjh the Xorfh ISlajJorddiirp Field Chib. 1/2. 

2847 I 9) The Common J’lot, Stone . Arlilieial ('aves in Keiipcr S.'ind.stone. 11)01, 

2848 ( 10 ) 

2849 (12) ., ., Hippli'-raarking on roof of ‘ ctives.' 1901. 

2850 (11) 


Photographed bg TI. J. Stkklk, Barton Jlaunt^ Biirdem, Sent ihrongh 
the X*rrth Stajfhrdfthire Field Club, o 4. 

2851 (8) Keggars Well Quarry, near Faulted Triassic Sandstone. 1891), 
Alton. 


Surrey . — Photogrophd bg II. \V. Monx’ktov, F,(i.S,^ o Ilarcourt 
Jln 'dilingsy Temple, E,(J, 1/1 K. 

2701 (985) TadwortliRailwny (Jutting Drift resting irregidarly (»n Thanot Sands, 

1S9S. 

2702 (9S7) „ „ Thanet Sand on Chalk. 1898. 

27 03 (1472) (lod.stone, W. of main road Folkestone Reds in Lower Greensand. 1000. 
in village. 

2704 (1 179) Cxodstone, W. of main road „ ., , 

in village. 

Photographed bg F. W. Rorart.s, 23 OHrer Crore, South Nonrood, S,E, 
Sent through the Crogdon Microseopieal and Natural I/istorg Club, 

1/1 E. 

2705 (1) Addiscombe Hoad, Croydon . Black heath and Oldhaven Beds overlying 

0>trea Bod. 1898. 

Photographed bg W. R. Raxnkrmax, P\C.S., Sgdeitham Road, Croydon, 
^ent through the Croydon Microseopieal find Natural History Chib, 
1/1 E. 

2706 (2) Seneca Koad and Ben.sham Sandstone Boulders at bottom of gravel 

Lane, Thornton IJeath. pit, resting on l.<ondon Clay. 1899, 
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rhofui/i'ophed hy J. If. Baluock, Overdah, St. Leonard’it Rond, Croydon. 
Sunt thrmiijh the Croydon Microscojiicul and Natural Uiiitory Club. 

1/1 E. 

Ri'l?.!. 

No. 

2707 (5) Whyteleafc Cliall; Tit . . Lower p{irt of Upper (JL'ilk and Middle 

Chalk. 

Pluifttyrnphcfl In/ Miss H. JoIIXSTOX, Jlrf.chrootl, Whnhlcfloii Ililli 

Snnu-.y, 1 /^L 

2852 (10) Quarry north of (Jodsfonc . Lower bed of sand in Lolkc.'^tone 

1000. 

S;>i’SSEX. — Phntof/rajjhcd fur W. W. Wa its, Jiii ininyharn Vnivcrsify. 

i;i and 1 

2853 ( ) Last of Scaford . . . Valley in Chalk-Down.**, illustrating .sub- 

aihial tojmL'rajjliv. l.*'l'«S. 

2854 ( ) N eai mouth of L. Click luere (’lualk (.’lids; de.«lnietinn of subaerial 

topogiaphy by the sea. isd8. 

Waiovickshiue. — I'haloyrajdifdhy W. Jkkome llARnisox, F/r\S.) 

I’f'J ClttmtHnU Jload, Handstvorthy Ji'irinlmjhain. 1 2. 

2651 C ) Llackroot Pool. {Sutton J*ark Fault in Trias. IDDO. 

2657 (, ) Temple (fral'ton, X.W. of {Scarti of Uhiilie Pe>eks. lltnO. 

Siratforihon-Avon. 

Wkstmohkland . — Phot Off raphed by A. K. Coom.xra-Suamv, F / I . S ., 
Wor/dcfidtnij daildjord. 14. 

2866 ( ) South sid(M)f Duiimail Kaise Moraine mounds. 1000. 

WiLTsiiiHE.— /^// A. K. Coomaha-Swamy, ^..SV., F . G . S .^ 
Wnr/drfidtinj (I fii/djurd. 1 4. 

2856 ( ) Fields, J in. N.K. of Place JSccnery in the Vale of Wardour. 1000. 

Farm, Ti.slniry. 

2857 ( ) Ladydown, near Tisbury . Mhldle Pin berk Pocks. lP0(b 

2858 ( ) Chilmark llavine, we.st side Upper Portland • Ja^wer building Stones.' 

loco. 

2859 ( ) „ „ cast side Upper Portland, ‘ Chalky Series.’ 1000. 

Won(’r..STEit. Phofor/rnphrd % W. Jkromk ITarhksox, 52 Clare 

moat Jioad^ llandtororth. Jtirnrinyham, 1/2. 

2652 ( ) Wren’s Nest, Dudley . . Coneral view of Silurian inlior. 1000. 

2663 ( ) ,, Curved strike of Wenlock Shales. lP0(h 

2664 ( ) The Lickey Hills, seen from Cambrian (.)uarl/.ite, Hanked by Llandovery 

Rubery. Sandstone. 1900. 

2656 ( ») llednall (lap and Bilberry Cambrian Quartzite. 1900. 

• Hill, The Lickeys. 

2656 ( ) Bilberry Hill . . . Overfolded Cambrian Quartzite. HHKb 

Yorkshire. — Photographed hy Godfrey Bingley, Thorniehurst, 
Headingley^ Leeds. 1/1 E. 

QQo? Garforth .... Low*er Magnesian Limestone. 1900. 

^ • • • t* •» )i 
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REl’OUT- 1901. 


No. 

2862 Mioklefiold . . . MaKncskiii Limestone. 11)00. 

2863 {iuim ..... 

2864 (*>:i.‘>0) „ ... Piped surface of Maj^nesian IJmestonc. ltH)0. 

2865 {y^y2) Meaiiwootl Valley, Leeds. Kolded (iniiiiister li)00. 

2866 n .. fcJtijTiMaria in (iaimi.ster Sandstone. IIKX). 

2867 I’^rauj^liton Quarry, near K<>Me<l, l»recei!ite<l, and overthrust Car- 

.'^kiptnn. bnnifemii.s Limestone. 11)00. 

2868 0'.) ibae.Lihtun Quarry . . Folded, breceiated, and overthrust (.’ar- 

bonifer^ us Limestone. IIKK). 

rhoti^lfrai>h*'d A// J. W. Statiiku, i!l!f Spring Banky IfnlL Sent through 
the Hull iieoliKjlctil Soeh tg, 1 I K. 

2876 (k>0) CliiTs near Ski psea . . Clialk einbe<ldcd in lloulder-clay, cni.shcd 

)>v ^daeial action. 1000. 

Cau.v.vjivov. -Photographed hg \V. Jkuomk IEakki.son", d\G.S., 
i)‘2 Clarcinont lloadf IIand.-<tf'orthy Birniingham. 1/2. 

2708 ( ) Ouiway .Mountain and Pen- Intrusive felsites ami diorites. lOOO. 

niaenni.uvr. from Dij^anuv. 

2709 ( Mire it Ormes Head, from llouider-chiy and Carboniferous Limestone. 

I)i<iran\vv. I'.tOO. 

2710 ( ) Oiganwy Shore . , . (.’litT of lllaek lloulder-ulay. 1900. 

2711 ( ) „ Cliff of llonlder-elav. 1000. 

2712 ( ') „ Cliff of I31ack Poulder-clay. 1900. 

2713 ( ) ,. 

2714 ( ) ., Stii.at«.‘<l P»ouldc*r //t .v<7« in Boulder-cUiy. 

looo. 

2715 ( ) Cliff of HouMor-elay and boulders washed 

out of it. 19«M). 

2716 ( ) „ Large .'j ratched Houlder. 1900. 

2717 ( } ,, ., ,, ,1 ,1 

2718 ( ) S now«ion, from llwli h Main P»;ila voleanio .'i.sh. HM)i). 

2719 ( ; Lwleh Main, Snowd'jn . llala slaty rocks, I'.fOf). 

2720 t ; t:svm tilas, fnmi the Pass Moraine ami Perched JJlock.s. 1900. 

• if L’anbori^. 

2721 ( ) C wm H’ljis, from the l’as.s Moraine. I9(M). 

of Liani'oris. 

2722 ( ) Cwm ‘H.'ls, from the Pass „ ,, 

of Llanberis. 

2723 ( ) CvvMi Hla.s, from the Pa-s M<jrai!ie, near view. 1900. 

of l.lanberis. 

2724 ( ) Pas.s of Ll.'inberis, looking Jfoc/tcH moatonm’cK^ ‘ Lec-seite,’ 1900. 

up. near P«jnt-y-< irondfe.li. 

2725 ( ) J’ass of Llanberis, lufjking Crags and Screc*.s t>f Lsgair Felen. 1900. 

down near Pont-y-Uiondeeb. 

Pj 3 MBR 0 KK.siiihe . — Photographed hg W. Jkkome IlARnisoN, F,G.S.y 
52 Claremont Jioady Jlaudsirorthy Birmingham, 1/1, 

2660 ( ) South of VVIiitfrsand Hay . Terminal curvature in Ctimbrian Slates. 

1S97. 

Photographed hg C. J. AVatso.v, PtotviUe Hoady ^{cocFti GreeUy 
Jiirmingham. 1 / 2 . 

2726 (905) Stack Itocka/renljy, . Marine ero.sion in Carboniferous Limestone^ 

IS*. 19. 

2727 (909^ Old Quarry face, Tenby . Pmhictm In Ciirboniforous Limestone. ^ 

1899. 
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SCOTLAND. 


Tnveuness. — Photofjraphal hy A. K. CooMAhA-SwAMY, 1\G.S,, 

Wirrplrsdon^ (Jiiildjhrd, 1/4. 


Itojcd. 

No. 


2860 ( ) Near S'jiir-a-Marbliaid . Rlock of contorfe^l Lewisian Gnebr=. 1890. 


IRELAND. 

- Idtnloff vaphnd hy Mi.s.s M. K. Andrews, 
l‘J Colhyfi (»(ivd*ini<y Jkdfast. 12/10 

2870 (7(>) .MullaLdider^j', Inishfrc j Ray S|>lieroi«lal Granite. 1900. 

ROCK STRUCTURES, kv.. 

Phoionruphf^d hy A, K. (/«)OMara-Su*amy, Ji.S^.y F.G.S., ]Vorplesdony 
(t uilf/jbi'd, 1/4. 

2871 ( ) Glcinloraterra,CumWrlan«l j* Si^ccimcns of Cliiasitolite-.slatc. 1900. 

and Rriltany. 


Photoyrnplu d hy W. W. MidcleV, Th* Mfinpumy Bolton. 14. 

2872 (“>( 1 ) Art liur'^ Scat. Edinburgh . Olivine-basalt, x 20. 

2873 Sudbury, Ontario . . 01iviiu‘-diabasc. IS. 

2874 (o2) llertiKin, llantV . . . Regiiiatite. ^ 

2875 0 0 Armboth Foil, (’umborland . Quart /.-jMjrpbvry. x :>0. 

Stv also un«U‘r Durbain. 


LIST II. 

Till: DUri.K^VTK (LOAN) COLLECTION. 

The lUlinLers pl.icod after the. deseriptioii of the photograph refer to 
tlie list of pliotographers, whose uauies niul a(ldres.ses are given at the end. 
Full loealit ies and descriptions are given in List I. under the numbers. 
Thi.s colleetion is arranged geologically, and from time to time the les.s 
perfect and le.ss typical pliutographs will be removed and better ones sub- 
stituted as they are given. Tln>se laid aside can always be seen, sent, or 
Returned by retpiest. 

* Indicat»*s that ]>rints and .•^lidus may be bought from the photographer. 
P. indicates prints. »S. indicates sliiles. 

Rock Structures. 

, Possi/s lit Roc/xa. 

2846 Fo sil Tree^in Coal-measures . Barrow, Rrcsoloy, Shropshire. 01 P. 


Evidences oj Earth-movement, 

J'oidiny, 

• . . Near Wildersmouth Reach, Ilfracombe, 

Devon. 00 P.S. 


2740 Anticline . 
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JtEroHT — 1901. 


Sur/itce Agencies: Denudation and Deposit, 
Marine Action : Denudation, 

2741 Marino To. Inlo . . . . Ilfracom)»o, Dovon. f»0 P.S. 

Characteristic Rocks and Laniiscaj)e8, 

Mesoz tic. 

2857 Midillo I’lirbock Uocks . . Lutlyilov ii. noar Tisbnry. 40 S. 

J^Tames and Addresses oj Donors fnid Photof/raphrrs. 

4i». A. K. Cjoi>a!irti»S\v;iiiiy, Waldoii. Worplesdon, ^Jnildfonl. 
r»0. Profossor \V. Ilillhoiiso, The Uniwraity. lUnninichain. 

01. J. A. Cossins, Forstor Uoad, Mosoley. liirinin^,diam. 


Ossifcrons Cftres af — Report of flu' ( ^itniniiffer^ ennsistinff of 

J^rofessoi’ (\ .Lloyi> Moiuj.w (Cludroian), Mr. If. Hoi/ro.v 
(f>ecretori/)^ l^'otossor W. ffoYD Dawkins, .\[r. W. Jf. IfAKKKR, 
.Mr. S. li. Reynolds, and Mr. K. T. Newton, appointed for the 
jiurpose of eainof the Osstjerons ('arcs at UpJtlU^ near Weston^ 
svper^Mare, 

The ConiiTiittt^e liavo to report that no further pro^jfress has been niade 
since la.'^t September, (^fuarrynion in the ordinary course of their duties 
have continued to out back the r<ick face f<>r road material. The lis.sure 
caves tir^t e.xcavated are now in lari^e part destroyed, but litthjof interest 
was fouiul. Visits have been paid by tlio local members of the Committee 
on several occasion.s in the hope of locating a new deposit, but none could 
be found to justify working. 

The chief find of interest during the year has b(*en that of a badgtu* 
skull, in good condition. The badger is native to tin* country, the la^t 
specimen in the Cphill di.strict having been killed about twelve yearsago. 
The pre.sent skull seem.s, however, to have been contemporaneous with 
the cave animals. 

A well developed tooth of Elerdia-s find two poi-tions of a fine tusk 
were picked up hy the quarry men. 

Profes.sor Reynolds ha.s continued his e.xamination of the cave material, 
and will publish his ob.servatioiis later. 

The Committee, finding no site was promising enough to work, did not 
draw the grant of 5/. imulc last year. The Committee do not ask for 
reappointment. 


The Zoology of the Sandn ieh Isla.nds. — Klercnth Report^ jf the (^drrciiiiiiee^ 
consisfiyui of Profe.ssor Newton (Chairmfut), Dr. W. T. 
loHD, JVofes.sor S. J. Hickson, Mr. 1\ Dr; Cane (Jodman, Dr. 
P. L. ScLATEiL Mr. E. A. Smith, tmrl Mr. D. Shakp (Saeretary). 

Since the last report Mr. K. C. L. Perkins has been maintained by the 
Committee at his work in the islands, and it is intended that he shall 
remain there for a few months longer, after which the funds of the Com- 
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miitoc available for this purpose will be exhausted. He has been working 
almost solely on the island of Oahu, where zoological devastation is taking 
place both extensively and rapidly. 

Seven parts of the ‘Fauna itawaiiensis ' have now been published, 
and two more are in the press. The part published since tlie last 
report is dewoted to Cohoptp.ra^ and was prepared by Mr. Perkins while 
in this country, and by the Secretary of the Committee. 

It is hoped that Mr. Perkins* services may be secured after his return 
to this country with the ol)iect of completing the ‘ Fauna H.awaiiensis.’ 

The (*oinrnittee asks foi reappointment with the same powers as 
before ami a giant of 50/. 


ntnih':Ofian'l Vh ( 'nniUtumH (tf the L^ujlit^h 1899-1000, — 

fufrriiii o/' the t'omuiittre, of Professor E. Ray 

Lankkstki; Mr. AV. Gakstang (Serreiari/'), Professor 

\V. A. Ukhdman, (tufl. Mr. ll. X. DlCKspx. (Dnnen iii^ hj the 
i:^erref(tri/.) 

The analysis of the numerous collections of Plankton made during tlie 
periodic cruises in 1S99 1900 is now approaching completion. 

C)wing to the many disadvantages of tlie counting method introduced 
by Henson an attempt has been made to utilise tlie method of graded 
liltralion in the ([uantitative analysis of tlie vertical hauls, the mass of 
each ‘ grade ’ being determined volninetrically. Five grades have been 
selected, whicli correspond in general with the following dominant types 
of the plankton : - (1) ^ledusoids, (2) Calanus, (3) small Copepods, 
(4) Larva', (5) Diatoms and Ciliotiagellates. Tlie largest grade is that 
determined by a square ni^sh wliose sitlc is 1 ‘o mm. long ; the next by a 
mesh 1 mm. square. These dimensions are aiDproxiinately realised in 
bolting silk (‘miller's gauze') having sixteen and twenty-six threads to 
the inch respectively. Tlie following table gives the complete series of 
standard filters adopted : — 


Grade 

No. of 'J'hreads per Inch 

No. of threads per ein. 

A 

H) 

(() meslies) 

D 

LM’i 

10 

C 

r>o 

20 

n 

100 

JO 

i: 

ino 

i'O 


It is found that the errors which atttmd tlie volumotric method when 
applied to plankton samples consisting of mixed and varied constituents 
arc grc.'itly reduced by the preliminary process of separation into delinito 
grades of size ; and it is hoped that a thorough trial of this method of 
analysis .may result in its establishment as an etlicient method for the 
quantitative comparison of plankton of ditterent loi alities and seasons, in 
conjunction with the method of vertical liauls introduced by Heiiscn. 

The Committee respectfully request their reaj^poiiitni(?nt for one year 
longer, without a grant, in order that they may present a summary of the 
results to the next Meeting of the As.sociatioii. 


1901. 


A A 
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of' a Toh!i^ of thr ZonloifliUil Sltiflno of Xoplrfi. — lirporl of 
the (\ii,iiniiii\\r(oi}iltifhoj /*/' lVi>li\ss()r W. A. Hehdman ((Vonrinon^^ 
Professor K. Ray Lankkstek, Proft^ssor W. V. Wei.dox, 
Professor S. .1. lliCKsoN, Mr. A. Si: ixi WICK, Proft*ssor AV. C. 
M(’lNTi>sn, ifnif Professor (i. B. lloU'KS (Srrirlortf). 

Z 

ArrENO'v I’AM-: 

1. It. iht tht‘ Occu] .•*' 1h,' Tdhlr. Ihj Dr. h*. Hamlvn-IIaiiuis, 

F.U.M.S., F.Z.S.. ' On the Statuc[i.<tA t 'ijthdltfjHula * . . .’>5i) 

h. Jit port on the Oceopation of the Toltle, Htj Dr. A. II. KK’OIN.A l.I) 
JIi*LLi:u. yy..sV. Fn the e^ ttiimuttion of his preriottit ineestitjnti ot of 
‘ The Fertilistition Process in Fchinouleo ’ ..... .’150 

II. -I List of yot nroiists trho Jmcf n'orhctl ot the /.oolotjieal Station from 

the etui of J one iHl the eud of June 11*01 .... .’J58 

III. .1 IJst tf Ptipers lehieh trere pnhIisheJ in the Year hif the Xat nraiisti 

n'ho hare oeennied 'Tatn'es in the /.oohujicat Sttition .... .'UJO 

IV. .1 Li.<< Of' the Pnhiie>ition.< of t he ZooUnjieal .'<tafion tlurimj the Year endintj 

June WO, 11**)1 ........... :»r>i 

Tin: work of the y**xr h.ts In-eii of the .st(‘a(lily proijressive order which 
marks pro"n»s.s. Air. II. 11. Stewart, for whom appeal was made, was at 
the la.st moment [*revented by e*>llef(e duties from fultillini^ his dc^sire. 
Capable inve.sti^ators wen*, liowev(*r. forthcoming^ in Dr. Reginald Buller, 
of Alunich, and Dr. llamlyn- Harris, also at pre.senl working nn th<» 
continent. Tliese genthunen, in availing them.selves of tln^ opportunity «>£ 
study which the Association atforded, have ac<‘umiilated material suthcimit 
for long-coiitinuod !e.sear( h. 

In a letter receiv<*(l by your Committee from Dr. Anton Dohrn special 
acknowhMlgment is given, on behalf of himself and tin? associated members 
of his stall', of the terms in which, in the As.sociation's Jteport for lilOO, 
their work has been described. He desire.s that the best thanks of all be 
conveyed through your Committee to llu! oMicers and members of the 
As.sociation for their confidence and support, with thi» a.s.surance that it 
has done much toenc<»urage them in their conviction that the reijuirements 
of marine hi(jlugical study are as gn*at as those of the terrestrial order, 
and tfnxt both should bi? equally maintained and eiiuippcMl. 

Under this resolve, elforts are now being made at Naples to develop 
the experimental and mure strictly physiological side of tlu' work in hand. 
It is needle.ss to insist on the arlvantages which must accrue from the 
.study of the rich fauna of the Neapolitan iiuirim^ an‘a to th(‘ largely open 
field of comparative physiology. Work of the. expeiimental typi^ is now 
rcv'oluthmising certain branches of biological inquiry, and in deciding to 
keep pace with this, tho.se in charge <if the, Naples establishimuit an* to be 
commended. 

'Fo the resolve of Dr. Dolirn and bis assoeiatevs your Committee 
acquiesce, and they, with increa.sed a.ssurance, recomnieiMl the claifi^oft^ 
Naples Station for continued support to your consideration. It has beeTt* 
in the direction for which encouragement is now sought that both occupants 
of the Association’s table have during the past year been engaged — Dr. 
Buller’s work having been more e.specially of a rno.st , advanced order-" 
and it i.s accordingly with the grealer siitisf action that your Committee, 
in applying for a renewal of tdm grant, do .so to enable Mr. R. Gurney, of 
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Oxford, a tried investigator, to study the origin of the excretory organs 
and other points in the development of the Crustacea, and nior(3 particu- 
larly the fertilisation process in the J)c3capods, and also to enable Mr. 
W. Wallace, B.Sc., Harry Scholar of the University of St. Andrews, to 
study viviparous fishes. 


APPENDIX I. 


Itepurf <ni ihc of the Ttthir of tJift Assoriofion nr ihe 

X'lolotflrff/ Shi firm at Xa-oh^fi dari/ttf thif oi(jn.fli.'< of Ifrhrfia rtf, MarrJn 
Aja'ii, (tad Minj, 1001. 


The Statnrysts vf (Cephalopoda. Ihj I*. TTamlyx -11 Alinis, T'.Z.S’. 

Tlianks to tlit‘ kindiK'.ss of the Committee of the Briti.sh Association 
for the Advancemeiit of Science, I was permitted to occupy their table 
from F(ibruary until June 3. 

A grout part of this time was occupied in the examination and study 
of the fauna of the Gulf of Naples. 

My sp(*cial object, however, in visiting Naj)lcs was to institute a 
thorough lesearch into the organs for the maintenance of equilibrium 
tGleichgewicht.sorgane) in the Ophalopoda. 

Of tin* Cephalopod species occurring in the Gulf of Naples the following 
were placed at my disposal and made use of by myself : — 


Fam . — O m m astu kp i i i i ).i:. 

Todarnps i.<i ] ^rraai/i 
Fam.- < Inch 1 1. 

Vera a I/a sicafa 
Fam.- Sppiolixi. 

Srpiola roadih t ii 
liostd a hiarrosuin a 

Fam. — S kpiarh. 

St pin officiiadiii 
Sepia Orbif/ai/aiia 
Sepia c/f'fprnu 


Fam. — Lolkjexii. 

Lo/if/o vuh/ariit 
L of ir/o man) to rre 

Fam. - A r{c;0 N auti d.t:. 
Onjthoi tahercnlata 

Fam. — OcTOPiD.E. 

Octopus vuff/aris 
(h'fo/nis man'o/ois 
Octopus d ifdi p i i 
Efedone moschata 
Eh done Afdrouatid 


Young specimens us well as embryos of certain of the above .species 
were also fixed and pro.mu’ved. 

Two of them, viz., Ocythoi- tuberculata and Vcraiiya sicula, are peljigic 
and comparatively rare. 1 tvas tlicrefore able only to obtain a few 
specimens of these. 

The only existing work on the so-called auditory organ of the 
p®phalopoda is that of Owsjannikow and Kowalevsky, published in 1867 
* ^^^^'lolres del^’Acadcmui iiiipcriale ties SSciences de St-Pciersbourg,* 7“ 
scrie, tom. xi., No. 3. 

This valuable memoir, containing as it does the result of extensive 
microscopical resc'arch, is, however, thirty-three years old, and science and 
uncroscopical methods have during that period made wonderful strides. 
It will therefore he readily seen that after so many years a more detailed 
histological examination of the same subject should yield important resiilts. 

A A 2 
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Ill tlio majority of oases it was my practico to make use only of such 
parts of the head as 1 needed, and it was interesting to note that in every 
instance, among the Deeapoda, at least, the statoliths were visible through 
the cartilage in specimens just killed, but that the transparency, as would 
be expecteil, disappears after lixing. 

The cartilage of the ()ctopida> seems to he less transparent, as it was 
oidy with difficulty that T could discmai the siatolitli without opening the 
cyst. 

Tlie statolith, which dissolves in acetic -icid, giving oil’ a gas, when 
tested according to a well-known method prt)ves to consist of carlumate of 
lime, aiul by tliis treatment a meinbrane enveloping the whole of tho 
calcareous coiicreniei.t is all that is l(‘ft. 

The statocysts of the Cephalopod.^ show the highest static of organisa- 
tion among the inveitebrata, occurring for the first time as stationary 
calcareous tirgans, held in place hy an outer membrane, and situated on the 
Macula acustica. 

The endolympli coinained in the vesicle consists of a clear alkaline 
fluid, which is shown by tlie xanthopmtt'ic reaction to contain albumen. 

Time must necessarily elapse before my studies in this direction .are 
completed, when T hope to publish the result of my labours. 

1 am coniinuing my .studie.s at tho Zoological Instituti^ of Tiibingen 
University. 

I should like to take this opportunity to express my warm appreclatuui 
of the way in which the Zoological Station is managed, and my sirurero 
thanks to the various members of the stall’, especially Professor Eisig, 
Professor Paul Mayer, and Dr. Lo Bianco, for the many coui’tesies which 
they showed me, and the valuable advice and assistance whicli they were 
ever ready to give. 

To the Committee of the British Association for the use of their table 
my especial thanks are due. 


h. Report on Occupation of a Tahte at tlip Sfazunie Zot}lo(j\c(iy 
dur 'iUfj March and April 1101. 

The lu riiliiation Proce-ii in Eeinnuiden. 

Jiy A. II. ItixiixAi.D Bullkh, 7>’.*Sc., PhJ>. 

I occupied the table of the British Association from March 20 until 
April 25. 

The research work undertaken was a conij»let ion of a study of the eaures 
leading to the union of the eggs and spermatozjwi of the EchinoUka. 

Further oliservations and exp(*rim(‘ut.s W(;re made, supporting tlie 
conclusion, already reported, that cliemotaxis plays no role in bringing tho 
sex-cells into contact, and that the spermatozoa are probably incapable of 
responding to chernotactic stimuli. 

Special att(‘ntion was paid to the movement of the spermatozoit^-i^gon 
surfaces, and to >he manner in which they penetrate the thick zona“ 
Iiellucida surrounding tlie eggs. 

The following rule was found to hold good : — Whenever the spermato- 
zoa come in contact with a surface bounding the medium in which they 
are moving, they cling to it, and they either become fixed to it almost 
at once or, more usually, rotate upon it. In the latter case, if the 
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surface be regarded from the point of view of the spcriiiatozoa, the. rotation, 
with rare individual exceptions, is always in the counter-clockwise 
flirection. 

The rotation phenomenon may be well seen when a drop containing not 
too many spermatozoa is placed upon an object-glass and examined under 
the microscope with a magnilicationof about 300 diameters. If the upper 
surface of the drop bounded by air be then carefully focussed, the 
spenufitozoa clinging to it appear to the oViserver to revolve in the clock- 
wise ilirection, but when -^he lower surface bounded by the glass is 
examined they jne seen to move in a counter-clockwise direction. 

The rotatir)!! rule was verified for live species of Ei'huiovha^ and for 
representatives of all the other classes of Echinodarinata, The species 
examined were the following : — 


ECTIINODEUMATA. 


Class 1. — lloLOTIinKOIDEA. 

Ilolothurlit Sfrllatl^ D. Cli. 

Class 2.— Eciiinoidea. 

Echinus luicrul nhevenjutus^ Hlv. 
S/ihwrcch Inu s ffvau u In r /.v, A g. 
Jrhucla puatufosa, Cray. 
Strou(/ocfnfrutu>i /ividusj J3rdt. 


Class .3 . — Astehoidea. 

Asfrrius f/larialt.s\ O. P. M. 
Eclilnash'r st'jiositus^ Miill. Tr. 

Class 4. — OpHirRoiDKA. 

Oph ludn'ma Juntj 'v'uudu^ Mull. Tr. 
Ophio>ihfpha l(.v’f^rtosa^ Lyman. 

Class 5.— Crinoidea. 

Antidon rosucca^ Norman. 


It is a somewhat remarkable fact that rotation upon sur£^lces in a 
counter-clockwise direction was also observed by Dewitz * for the sperma- 
tozoa of certain insects. Mo believed that the spermatozoa were thus 
specially adapted for the purpo.se of linding thedr way into the miciopyles 
of tlie eggs. Such an explanation could not, however, apply in the case 
oi th& Echinodermutiu for no niicropyles are present, and the gelatinous 
zona pellucida is everywhere jienetrable. 

The spermatozoa of the Echinoidcu easily become attached to glass 
and other surfaces by the points of their conical heads upon which they 
often continue to revoh e. 

After becoming attached to the zona pellucida the spermatozoa make 
their way througli it in a more or less radial direction. The penetration 
from the outer to the inner surface of the zona pellucida do(*s not depend 
upon a chemotactic stimulus, for it was found that the phenomenon was 
etjually well seen upon (1) ripe eggs, (2) eggs of full size which had not 
undergone maturation, and (3) eggs which had been killed with osmic 
acid and then wa.sliod. Penetration of the spermatozoa into the gelatin- 
ising outer wall of the oosporangium of Ci/stocyra harhufu (one of the 
Fnoaci'jv) took place in a striking manner, the jelly bei’oming densely 
crowded. The spermatozoa likewise collected in great numbers in the 
.i^*^ly/’ir4»ni the celUwalls of seeds of Linum and also in the 

5>niia pellucida of Erhinns eggs after long separation by shaking. 

The entrance of the spei-matozoa into gelatinous substances, and also 
their attachment by the head to living eggs, is connected with their power 
of clinging and becoming attached to surfaces in general. The more or 


» Dewitz, Pfliigcr^s ArcMc, Ikb 38, 1886, p. 358. 



I> 5 S KITOUT — 1001 . 

less ratliiil poiioirution of the zona pi*llui*ida is possibly due to sft'n’ofaxi.'it 
but a purely iiiechanical explanation is not exoliid(‘d. 

JSt'veral writers, for instaneo Wilson,* and es[)ecially Verworn,- liave 
supposed that ehemotaxis is a constant factor in the fertilisation of animal 
eg^s. This «j;eneralisation, which has been made by arguing from the 
attraction of spermatozoa to the eggs of certain plants, is as yot entirely 
without experimental jiistitieation as regards animals. From my own 
results, which agree with those obtained by M assart in the case of the 
frog, and with the work of l>ewitz * upon certain insects, I have heon led 
to suppose that wlier(\*is contact phenomena are of great importance, 
clieiimtaxis, at any rate for a great number of animal species, plays no 
role whatever in bringing the spermatozoa and eggs inb) contact. 

Melon* the close of tlie year 1 liope to publisli a full account of my 
woi-k. 

it gives mo nuich pleasure to acknowletlge iny inde.htedness to the 
Committee of the llritish Association for the nse of the table, and also to 
the staff at the .Stazioiie Zoologica for their kindness and courtesy. 


APPENDIX TT. 

A Lifif of Xatorfirtst,< ichn havp trorkffi at flip ZooJotjic.al Station from 
tJiP I nd of Jmie 1900 t<f tJip cut I oj JtniP. 1901 . 


Num- 
ber 0)1 Naturalist's Name* 

State or Uiijv»*rbity 
wlMt«‘ Tabli* 

Duratiou of Oorupamry 

liisl 

was )nsul«‘ us»* of 

AiTival 

l)»*i>arturc 

1 !>».■» l^r. F. 

Italy 

July 1,1900 

Oct. 7.1900 

1181 Dr. F. Capobianco . 

f ♦» ... 

o 1, „ 

Dee. 31, M 

1185 Prof. A. . 

yy • • • 

»» J* »• 

Dee. 25, „ 

118() Dr. V'. .Vriola 

; »> . • • 

»» *• 

Sepl.30, „ 

1187 ' I’rof. F. Katlaelo 

,» . • • 

„ 17. M 

Nov. J, „ ; 

11»8 Dr. K. li.i.ll 

-•\u>tria . 

»» 1 * » »» 

Aug. 13, „ 

1189 Dr. K. .\n<lr.' . 

Switzerland 

IS, „ 

Sept. 2, 

1190 Dr. I). Pislasc-heuko . 

Rus>i;i 

‘-^0, „ 

Aug. 20. „ 

1191 Dr. P. Kiirium*/ 

Italy 

- ‘25, „ 

Dec. 1, „ 

1102 ! Mi3.s M. I’as.|ual..- . 


Aug. 1, „ 

•t 1 

*» •*■»» »» 

1193 Dr. G. Mazzan lli . 

yy . • • 

ti 2, ,, 

So])t.29, „ 

1191 j Dr. E. (jorniaiio 

Zoolog. Stilt ion 


Mar. 1,1901 

1195 j Dr. A. Leoiitowit.sfii . 

Jlu.'siii 

.1 b, ,, 

Aug. 31, „ 

119G i Dr. F Mazza 

: Italy 

» lb » 

Sept. 1 5, „ 

1197 Dr. T. Mei^HnlK'iirier . 

Piiis>iii . 

>» 1 

Sept. 21, 1900 

i 1198 Dr. E. (:ri>afiil!i 

Italy 

.. lo, „ 

...... 

: 11U9 Prof. S At,;'.fhv 

llungnry. 

IS, „ 

„ 28, 1900 

! 12en pn.f. F s! Al.-iit ic l li 

Italy ' . 

„ ‘20, 

— 

: 1201 Prof a (•z..k(ir. 

A)i>tria . 

20. .. 

Oeb 15, 1900 

1 1202 Proi. F. Sai.felice . 


„ ‘2S, „ 

Nov. 13, „ 

1203 ; Prof. P. Francotte 

Polgiuin . 


' Oct. 13, „ 

! 1201 ! Prof. A. Uic.hter 

Hungary. 

„ «b 

i Sei)t.ll, „ 

1 1205 ; Prof. II. Pachniann . 

Switzerland 

; 31, „„ 

1 Oct. iOL 

1 Nov. 47f» - 

i 120G 1 Dr. W. Straub . 

. Saxony . 

1 Sept. 0, „ 


' •E. B. Wilson, The Cell in Dewlopment and Inhoritanccy 2nil edition, 1S30, 
p. 19G. 

- Verworn, Phyniologw, 180.^, j). 42.G. 

® MasSf^irt, Jtnlletinn de V Acad. roy. des ScL de 3^ s6r., tom, xv., No. 5, 

1688, and tom. xviii., No. 8, 1889. 

* Loc. at. 
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A List or Xatikai-ists ronlinwd. 


1 

Nuin- ‘ 

State or University 
whose* Ttihle 
was inaile use of 

Duration of Ocrup.iiic) 

l)t*r oil NiitiirulirtL’s Naii*r 

List ! 

Arrival 

Departure 

1207 Dr. K. Mjiririo . 

. Italy 

Sept. 8|1900 

Oct. 19, 1900 

1208 Orof*. C. Mfiisch 

Siiiitli.sonian Table . 

If Ilf »» 

Sept.22, „ 

1200 Dr. M. lli*iize . 

Zoolog. Station 

Oct. 1, II 


1210 i Prof. W. T. Former 

. Cniver.sity Table . 

„ 6| „ 

Xov. IT. HKX) 

1211 , Mr. L. Doncaster 

'Jam bridge 

ff G f> 

June 80, 1901 

1212 ‘ Dr. O. Cohnlieim 

. Baden 

Nuv.21, ., 

Apr. 24, „ 

121I> : Dr. (i. iVci'oni . 

. Italy . . . 

»» ••''f f» 

l*eb. 5, ,, 

1214 j Dr. (i. M;inn 

Oxford . 

' Dec. 1.5, „ 

Jan. 10, ,, 

1215 , Oaron T. v. l'(‘xkiU] 

lic.sso 

1' 1 ‘ » ff 

— 

1210 , Dr. X. (Joroiiowirh 

Zoolog. Station 

‘>0 

fi ff 

Dee. 81, 1900 

1217 Dr. A. Natliansoliii 

Saxony . 

Jan. I|l90i 

— 

1218 Dr. vor Duii^eni 

I’russia . 

ff If »» 

Apr. 18,1901 

1219 Dr. G. ,/attji . 

. Zooloe’. Station 

ff 1 f ff 



1220 Dr. G. Ta^^liani 

. Italy . 

f» 1 > ff 

— 

1221 Dr. V. Diamaro. 

. II ... 

,f If 

— 

1222 Dr. K. ( apobianeo 

• It ... 

»> If ff 

— 

1220 Dr. M. Picrantoni 

. i, ... 

f» 1 • f* 

... 
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APPENDIX III. 


Liit <>/' I'lipfirn ii'/iirh Hyn; piihlighcd in the year 1900 hy the NaluraiUts 
who hair occapied Tah/e.i in the Xoohujical Station. 


1). Carnzzi 


H. IlDrbst 

II. M. Vornon 


A. Komano 

*S. Garten 

11. C\ runnel t 
If. Winkler 


r». Sel.W.-ler . 


V. Faassek 
G. iJuncker . 


W. Liiiflcniann 


A. 


Iln-so 


K. (loniiano 


F. Ikittazzi and 1*. 1 
qnez 

H. Przibram . 


Onri* 


C. K. Schneider 


Hina Monti 


E. S. Goodrich 


>» 


l.'Fiubiioltiuia dell' A])liV!sia liiiuicina L. Anatuinischcr 
Anzeiger, 17 Bd. JliOO. ‘ 

Uieerehe sid l*lanktoii del lajro Fiisaro in rapporto con la 
O.strieoltiira. Moll. not. a^r. Minist. x\y;iic. Anno 1^2, 
IPOO. 

rber das AuseinanderireKen von Fiirehiinj^s- iind Gcwebe- 
zellen in kalktYeiein Medium. Arehiv f. Kntw. !Mech. 
Uoux P Ihl. IPOO. 

Gross-fertili>ation anion^ Kehinoids. Arehiv f. Kiitw. 
Mech. Uoux i> r.d. IPOO. 

Ccilain Ij Iws of Variation. I. The Heaetion of Develojiintj 
Gr.i^anisms to Knvironment. Tree. Koval Society, vul. G7, 
1!H)0. 

Intorno r.lla natura ( d alle ra.iriuni del eolorito jriallo dei 
cent I i nervv)si elettrici. Anatomischer Aiizciger, 17 Kd. 
IPOO. 

I>i(‘ \'t'r.-indevuni:«*n in tlen (Janj^lionzellen de.s nlekf rischen 
f.aj)j*ens d»‘r Zitierroehcn naeh Durchschiieifliin.u: der 
aus dim iMitsprint^endi'n Nerven. Arehiv f. Anat. u. 
l’h\>i«»l. Anat. Ahth. IPOO. 

On the toriiiation of the Pelvic Plexus, with special 
reference to the uervus colle‘*tor in the genus Mustelus. 
Phil. Trans. Koyal Society, Bondon, vol. 1P2, llldO, 

1 ivr dii* Furehnntr unhefnieliteter Eier unter dcr Einwir- 
ki;ii,;i‘ Noll K.xtrativotutlen aus dem Sperma. Xachr. k. 
(ie.'<. Wi.‘S. Gdttintreii, lytX). 

Ha.-. Pi.yjoplanktoii des Golfes von Neapel, nebst ver- 
}iieiehen<len .\usblicken auf das de.s atlanlischen Oceans, 
^filth. Z. Station, vol. II, IPOO. 

Unteivuch.ungen iiher <Uc Entwiekeliing der Cophalopodtm 
Mitth. Z. Station, vol. II, HHK). 

13in]ngisch(‘ Beobachtungcii an riO])hohranchiern. Abh. 
aus d. (reh. der Naturw. Verein Hamburg, 16 Ikl. 
IPOO. 

i rK*r die Wirkung ile.s Phosphors und des Ihilegons auf 
<lie Cephah»p nlen. Bcitriiiro path. Anat. u. Pathol. 
Ziegler, 27 Ikl. IPOO. 

Uriimie hei Ce]»halopoden. Ihid. P.H)0. 

StdP aggrupjiameiito dei priini dementi sessuali nelle 
larvc <\i Aiitedon rosacea. Kcnd. Accad. Lincei, vol. 0, 
IPOO. 

Sulla funzionc renale dell’ organo genitah; dclle Oloturie 
(sunto). Kendic. 1 Asseiiiblea Unione Zoologica Ital, 
Bologna, IPOO. 

La Tuherculosi spcrimentalc nei Pesci. Arto inedica, 
Anno II. IPOt). 

Sulle propricta osmotichc dclle glandole salivari posteriori 
deli’ Octopus macropus. Milano, 1000. 

Experiraentelle Studicn fiber llogcneration. Biolog. 
(Jentralblait, 20 Bd. 1000. 

Mitiheilungen iiber Siphonophoren l^’essdzellcn.^^^rb.^ 
Z. Jnst. Wien, 12 Bd. 1900. 

La Kigcncrazione nellc Planarie marine. Memorie Jstituto 
Lombardo Scienze e Letterc, vol. 10, HI. 1000. 

On the Nephrhlia of the Polyclneta. Fart HI. Quart. 
Journ. Micr. Sc., vol. 43, 1000. 

Observations on Syllis vivipara Krohn. Journal Linnean 
Society, vol. 28, 1 900. 
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0. Carlgron . 


1). M. Mottier. 


T. ir. Morgan Mnd I 
lliizeD. 

Florence rod ilea . 


*. A. 


II. .Iordan 


F. J5. Sumner . 


F. KalT.*iele . 

Ii. llcs'^e 

S, MctalnikolT 
II. S. llorgh . 

K. CrlstJifulli . 

0, V. Flirt li . 

T. V. rxkull . 

F. S. Monticclli ;ind S, 
Lo ilianco 

K. Wcinland . 

A. liorgert 


Ulier die Einwirkungde.scon.stantengalvanisclien Stronio.a 
aiif nicderc Orgaiiismen. Archiv f. Anat. und Phy.s., 
1‘liys. Ab(h., KKK). 

Zur kenntni.ss der stichodactylinen Aetinarien. (d'v. 

Kong. Veten.^k. Akad. Fdrh., J900. 

Nucl ^ar and (’ell Division in Dictyota dichotoma. Ar rials 
of Botany, vol. 14, 1000. 

Tlie (Jastrulation of Amphioxus {purtlni). Journal of 
Morphology, vol. Iti, l‘.K)0. 

Fx" erirnent.s in regeneration and in grafting cf Ilydrozoa. 

f. Entw. Mechanik Boux, 10 Bd. VM) {partim ). 
i'lier die Aiuvendnng v. (Jelloidin in Mischung mil 
tedernholzdl. Zeitschr. f wiss. Mikros. 17 Bd. lliOO. 
Kupfer’s Vesicle and its Relation to (lastrulation and 
Concrescence (partlm). ilem. N. Y. Acad, of Sc., 
vol. 2, ItKK). 

I’er la Gcnc.si dei Nervi da Catenc cellulari (partim). 
Anat. Anzciger. 18 Bd. lOOO. 

Unter.siielmngen liber die Organe der Licliteinpfindiing 
bci niedertn Tieren. IV. Die Augen einiger Mollii.^ken. 
Zeitschr. w. Zool. 48 Bd. 1‘UUi. 

Sipnnculus nndus. Zeir. wiss. Zool. 48 Bd. 1000. 

Beitriige zur vergleielienden fIi.*»tologie. II. l.'ber den 
Ban der (lefiisse bei den Anneliilen, 2. Mittheilimg 
Anatdin. llcfte Merkel, 15 Bd. lOOO. 

Riccrche s]>erimentali sullaFisio-patologiadel Cervcllctto. 

Ri forma niedica, Anno 10, 1000. 

Sidle Alterazioni .secondarie del Citoplasma nervoso. Giorn. 

AS.SOO. Xapol. Med. Nat. Anno X. 1000. 
i'bcr den StolT\\echs(‘l der Cephaloixiden. Zeitschr. f. 
phys. (Oietnio. 51 Bd. 1000. 

( her die Eiweisskdrper dor Kaltbliitermuskeln und ihre 
Boziehung zur Wannestarre. Ihid. ,51 Bd. 1000. 

Die .Wirkung von Licht und »Schatten auf die Seeigel. 

Zeitschr. f. Biologic, 40 Bd. 1000. 

Sullo .sviluppo dei IVneidi del Golfo di Napoli (note 
riassuntive.). Rondic. 1 Asicinblca Unioiie Zool. Ital. 
Bologna, 1000. 

rber das Auftreten zweier verscluedencn Verdauungs- 
.^ecrete im Mageii der Rochen. Sitz. Ber. Ges. Morph, 
u. rbys. ^lunciien. 16 Bd. 1000. 

Untorsuchungen iiher die Fortptlanzung der tripylcen 
Ihuliolarien, spceicU von Aulaeantha scolynianlha. 
Zool. Jahrb. Abtb. Anat. und Ontog. 14 Bd. 1000. 


APPKNDIX IV. 

A TAst of the Pu hi leaf ion 8 of the Zoological Station during the y^ar 
ending June BO, 1901. 

1. ‘ Fauna und Flora des Golfes von Noapel.’ P. Falkonberg, Rhodomelaccen, 
776 pp., with 24 plate.s 

2. ‘ Mittheilungcii ausder zoologisclien Station zu Neapcl.’ Vol. xiv. riarts .5 and 4, 
with 8 plates. 

3.,/,Zbologischcr^Jahrcsbcricht* for ISOO. 

• 't. ‘ Guide to the Aquarium.’ A new Engli.sh edition is being prepared. 
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IivU r Atilnutlliiiii, /iVy*t‘/7 ttf flic i'onuniiicc^ nf Dr. IllCNKY 

\\oo\n\\\{\^ {Chiiiinunt), Mr. \V. K. IloYJ.K, Mr. i{. 

Dr. r. li. Sn.ATKH, lu'v. T. R. U. 8 tkhhim;, (hk/ Dr. l\ A. ii.vniKK 

The Comiiuttco has the honour to report that (lurin<^ the last year tlie 
whole of the entries eovering the period fn)iii IToS-lSOO have been 
arranged, sorted, the diiplieate cnitries eliinj^jitiHl, and the remainder — 
about b-,000 got n‘aily for press. Of these perhaps some are 

duplieates, but owing to the loose methods of authors tlie compiler 
cannot decide, and it has been thought better to include them, leaving it 
to the specialist to reject such duplicates rather than to run the risk of 
omitting a possibly important entry. Negotiations entiTed into with the 
Cambridge University Press have emh‘d in a satisfactory manner, and 
the work of printing this lirst part of the Index was begun at the end of 
.May 1001. The work will take about twenty months to go through the 
press, will comprise some 1,000 pages, and will b(^ provided with an index 
to the trivial names under g<mera, the same slips as are used for the main 
work being re-sorted under genera as fast as th(*y conuj olf the press. This 
method has been ado[it<^d for several reasons, c.y., the great expmiditure 
of time if a copy of all the .slips were ma<le, and the fact that those wdio 
desire to know what trivial nanu's an^ included under a genus can as 
easily refer to the end as to the body of tlu^ book. 

A complet(^ list of works consulted has been prepared, and will be 
printed : this will be annotated throughout with bibliographic notes as to 
date.s and i‘ontents, and should prove of considerable value to librarians 
and others as regards the rarer literature. It is gratifying to be able to 
report that very fov publications have eliuled the search of the compiler, 
but these ^Ir. C. Davies Sherborn does not regard as likely to be of 
importance. Th(*y may pos.sibly contain a few spc‘cilic names, but it is 
hardly probable. 

The indexing of 1801 1000 continmi.s, and w ill proce(fd more rapidly 
now the early MS. is out of hand. It is lioped that the finished w'ork, 
when it appear.s, will fully justify both the time spent u])on it and the 
generous support received from the Jlritish Association, the Royal Society, 
and the Zoological Siiciety, ami that the Cominilt(*e will ha\e placed at 
its dispn.sal an even more liberal support in tlie future, lb must be 
remembered that up to the present every entry, and evfiiy portion of the 
purely mechanical part of the work, has been done by Mr. Sh(*rborn, and 
that many months of his time couhl luivtj been saved for the more 
important labrmr of rr'cording had tin? Cominitteci bfjeii able to pay for 
the assistance of even a boy to do the sorting, alphabetical arrangement, 
and numViering of the slips. However, as it is, wo have now the results 
of the labours of one man, and the Committee regards this as showing in 
a most satisfactory manner the dcllnite plan of the proposer and compiler 
of this colossal undertaking. ‘ ^ 

The Committee earnestly reque.sts its reappointment, with a grant 

of 100/, 
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Coral Jfecfs of the Inclian ItegionH, — Second Ile^iOri of ike Commtiiec, 
consisthaj of Air. A. SKDcavTCK {(Jhalmifin), Mr. J. (illAJIAM Kkkr 
(Sccrct(inj)j J^rofessor J. W. JiJDi), Air. J.J. Listeh. ami iJr. S. V, 
Harmkk, (ijiiKiuded to invcdigfde the Sirnchire, Fonnatlon^ and 
(Jroirlh of Uie Coral lleefs of the JmUan Region, 

The Committee have rcceivr *1 the following report from Air. J. Stanlcfy 
Ganliner : — 

During tlie greater part of the year T liave been engaged single- 
hantle(i in sorting and properly labelling the marine collections from the 
Laccadive and Alaidive' AreJiipelagoes. This is now completed, and 
they ani divided into gi*oups, each with our notes as to localities, 
depths, it’o. 

For more than thirty of the groups I liave been promised the services 
of various zoologists in this country. About half of these have already 
received their coll(?ctions, and I hope to forward the remainder shortly. 
I have, up to the preseuit, rcH-eived reports from Air. P. Cameron 
(Hymimoptera,, 25 species, Id new). Air. R. C. Punnett (Xcmerteans, 
12 sp(*cies, 9 new), Air. Kd. Alc^yrick (Lepidoptera, GG species, 4 new), 
Air. F. F. Laidlaw (Heptilia), and Air. Oldlield Thomas (Alammalia). In 
ad<lition, Mr. Rorradaile has aout me a complete memoir on the Land 
Crustaceans, and I have pi(*pared a great part of my report on the struc- 
ture, formation, and growth of the reefs. The land flora of the group 
has now been worked out, and a complete report on it will shortly be 
published by Air. J. C. Willis and myself in the Mournal ' of the Pere- 
deiiiya (Jardens, Ceylon. • 

The collections so far seem to justify the conclusions, drawn in my 
last report, as to their completeness. Dr. David Sharp, who has taken 
charge of the imscct collections, has e.xpressed considerable satisfaction 
both as to their e.xhaustivencss and state of preservation, and Professor 
Hickson writes *as follows : ‘ There is quite enough to show the general 
character of the shallow water fauna (Alcyonaria, 0-50 fathoms), and it 
is not probable that many new species will be found in this region after 
the collection has been worked out.’ 

Publication, in vu^w of the large number of new species, is an <\xtremely 
difficult matter, especially as it seems very desirable that the reports 
should be kept t<)g(*ther. T may draw attention to the general opinion 
expressed at the International Congress of Zoology (1898) as to the 
desirability of properly illustrating new species wherever possible. The 
University Pr(‘ss (Cambridge) have undertaken tlie publication in a 
series of eight quarto parts, each of about 120 pages, on the condition 
that they are not called upon to expend more than 200/. on illustrating 
the work. It is calculated that at least seventy plates and 150 text-figures 
woulc] be required to adequately illustrate the fauna and geography. 
These cannot be prepared in a suitable manner for less than 450/., and I 
would ask your assistance towards the additional 250/. required. 

The Committee seek reappointment. 
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Bird MiffnitioiL in Grad Britain and Ireland. — Fourlh hderim Beport 
(>r‘ ilie (\)mniiftee, coiiiiistiiuj of l^*otessor Newton (Chciinna-n)^ 
Rev. R. P. Kni uley {^Serretarif), ^Ir. John A. iLAKViE-BuowN, 
Mr. R. M. Bakhinotox, and^lr.A. H. Kvans, appointed to irojh 
• iid the (leftfila of the. Ohfterratitnift of Mitfridinn of Birdti at 1/ojht- 
houses ond /ntfhtshijfs^ 1880 — 8 /. 

Your CMininitteo lias again great pleasure in reporting that IVti*. William 
Eagle Clarke has been continuing his invaluable services, and the sub- 
joined statement received from him, together with a Summary of Observa- 
tions in reference to the Migrations of the Skylark (Ala/afa arrensis) and 
the Swallow (//irundo rusflra) the former being of an extremely com- 
plicateil nature- shows the results of an enormous amount of labour, 
wrought out with proportional!' skill, of which your Committ!*!; desires 
to express its nnist grateful admiration. 

A serious deticiency of data in regard to the migrations of some other 
species o:i the south coast of England has beconu' apparent, and, at the 
suggestion of Mr. Clarke, application was made to the authorities of the 
Trinity House to permit a renewal of observations at the Lighthouses and 
Lightships along that coast. The con.sent of the Elder Rrethren having 
been most cmirteou.sly givt'ii, and tln^ cost defrayc!! from private souioes, 
the necessary schedules have be(*n forwarded to the sevi‘ral stations. 
Y’our Coininittee is aware that in thus acting it may have exceeded its 
duties according to the strict tyrms of its appointnuuit, but trusts that, in 
the circumstanc<‘s, the transgression (if it hi* .vo regarded) will be pardoned, 
eeing that its object was to supply a void left through in.idvertenco liy 
the older Migratiim of Birds Committee ; that it introduced no new 
principle : and, moreover, that otherwise a whole year would have been 
lost. 

On two previous occasions y<jur Comiiiittc!} has referred to the private 
labours of one of its members (Mr. Barrington) in n-gard b) observations 
at the Irish Lights. These have now been published in c.r/cn.vo, forming 
a volume ^ which is perhaps the most immumental eontributic)!! to the 
literature of Bird Migration ever issued ; while its appendix, giving the 
precise wing-measurements of so many specimens, is, apart from the subject 
it e.specially illu.strates, a matter of importance for the student of varia- 
tion. Thank.s, trio, to that gentleman’s exertions, the work has the 
additional merit of containing the results of ten years more than the 
period covered by the infjuiry carried on by the Association’s former 
Committee ; a fact whicli enormou.sly enhances the value of the Irish 
records. 

Without pledging itself to a positive assuram.’o in the matter, your 
Committee hopes that, if I’eappointcd, as it cl(‘sires to be, it will, in the 
course of two years more, bring to a ccmelusion the wofk with whiT!h it 
has been charged, so far as being able to give a. summary of the movements 

‘ The Migration of Hinls as observefl at Irish l4ighihousc.s and Lightships, includ- 
ing tlic original lleport.s from 1888-97, now published for the first time, and an 
analysis of them and of the prcviou.sly puhli.shod Uoports from 1881-87, together with 
an appendix giving the measurements of about 1,600 wings. By Richard M. Barring- 
ton, M.A., LL.B., F.L.,S. London and Dublin : [1890] (pp. xxvi - 4 - 286 + 667)#^ 



ON niRO MIGRATION. 


8G5 


of the most rcprescfiiUitivo species of migrants. The JSoiig-Thriisli, 
White Wagtail, »Skylark, and Swallow being now done, it is proposed to 
invite Mr. Clarke’s attention to a like treatment of the Starling, Kof)k, 
Lapwing, and sorm^ others, which will presumably present no little 
divergence in the character of their migrations. 

Thus your Committee respectfully r<jpeats its request for reappoint- 
ment, and, if possible, with an increased grant of money. 

made to the Committee. 

]hj fVM. Eagle Clarke. 

During the past year I have devoted much time to the study of the 
seasonal movements of a nuuiVxjr of our birds, and 1 present herewith, for 
the consideration of t he Committee, histories of the various migrations 
performed annually wdthin the ilritish area by the Skylark and the 
Swallow. 

Tin*, preparation of these complete and particular accounts has proved 
to be a laborious and ditlicult undertaking, since a number of the 
movements to he treated of are so intricately interwoven w’ith or so 
in.sensibly merge into each other, or are performerl under such obscure 
conditions, as to render their discrimination and interpretation matters 
demanding most careful con.^ideration. 

The following account.s of the migrations of the Skylark and the 
Swallow are in tlie main based upon the data obtained at the Light- 
stations and elsewhere during the years 18i>0 .S7 ; but other sources of 
information have been oonsult6>d, including the Scottish Migration 
Reports for 1892-11)00 of Messrs. Hinxman and Laidlaw, and the 
Irish Reports for 1888-97 of Mr. Barrington. 

It is my pleasing duty jto acknowledge the assistance I have received 
from Professor Collett, of Christiania, who has most obligingly furnished 
me with useful notes rel.ating to the. movements of birds in Southern 
Norway ; and from Herr Knud Andersen, of Copenhagen, who has given 
me much valuable information on the migratory birds observed in the 
Fierce Islands. 

The Mk UiATioNs OF Tin: Skylahk {Alctifd(( arrertsia). 

In the British Islands the Skylark is not only one of the best- known 
species, but also one which can be almost always met with, so that com- 
paratively few pco])le suspect the extent to which it is migratory, and 
fewer still are aware of the complexity of its migrations, which present 
problems more ditlicult to solve than tlmse of any other British bird ; 
yet this is undoubtedly the case. 

As a migrant, no species makes so great a show in the returns of the 
sev(‘ral Light-stations, and the account which follows is based upon 
upwards of join* thousand individual records. Yet witliin the British 
area the Skylark is for the most part Resident as a species, though 
shifting its quarters when afh‘cted l)y frost or snow, as is obvious to 
almost any observer. The degi’ce to which our native Skylarks are migra- 
tory depends on the varying conditions of climate and food. In. the 
lowlands of C-reiat Britain, especially in the south-west of England and 
throughout Ireland generally, tho migratory habit is less exorcised, pre- 
sumably because it is less necessary there tliaii elsewhere. On the other 
hand there are considerable tracts w’hich, from their elevated, exposed, or 
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northerly situation, aro not suited for winter residence, and to those 
the Skylark is merely a Suniiuer Visitor, as it is to nearly the wliolo of 
Northern and a fijrcat part of Central Phirope, departing after the 
broeiling season to its accustomed winter quarttu’S. During its journeyings 
to the soutli and west in the fall of the year, and again on its return in 
spring, the Skylark appears in vast numbers on our coasts as a Bird of 
Passage, while, owing to their intermetliate geograpliical position and 
their milder climate, the British Islands are much resorted to by the 
Continental Skylark as a Winter Visitant.^ 

The various migrations of the species mry be conveniently separated 
and arranged as follows, beginning with the autumnal movements ; and 
when it is considered that several of these movements are often simul- 
taneously in progress, some idea of their complexity and the extreme 
difficulty of their interpretation may be realised : — 

1. Autumn Emigration of Summer Visitants, with their offspring, 
i.e., home -breeding and home-bred birds. 

*2. Autumn Immigration of Winter Visitants from Central Europe. 

3. Autumn Immigration of Winter Visitants from Northern Europe. 

4. Autumn Passage from Central to Southern Europe along the British 
coast. 

5. Autumn Passage from Northern to Southern Europe along the 
Briti.sh coast. 

G. Winter Emigration from, and Partial Migration within, the 
British Islands. 

7. Spring Immigration of Summer Visitants, and return of Winter 
Emigrants. 

8. Spring Emigration to Central Europe from the British Isles. 

9. Spring Emigration to Northern Europe from the British Isles. 

10. Spring Pa.s.sagc from Southern to Centi-al and Northern Europe 
along the Briti.sh eoast. 

But even this is not all, for the movements which take place between 
Great Britain and Ireland, as well as betwe^en Great Britain and the 
Hebrides and Northern islands, have also to bo considered. 

1. Autumn Fmir/rntion of IIome-hreA /ilnh . — Towards the close of 
the nesting season an increased number of Skylarks is observable in the 
lowlands, particularly. near the coast ; a fact due, no doubt, to migra- 
tion from the higher grounds, to which tll(^ species is only a summer 
visitor. So early as J uly in some years there are a few records from the 
Light-stations showing that departure has already commenced, but these 
early flittings must be regarded a.s exceptional.-^ During August there 
are usually a few signs of emigration, and towards the end of that month 
there is evidence that it has fully set in. These late August movements 

■' Xo unfailinj^ rlistinction between British and foreign Skylarks has hitherto been 
recognised ]jy ornithologists generally. In at tempting to draw one here, the writer 
has chiefly n-luid upon what can, with more or less probability, bo presumed *as to 
the origin of the particular flocks from connecting the different observations of them 
wbenjby their course may be traced. 

' The most remarkable instance of this kind occurred on the night of July 25, 
IHSl, when a great number of Skylarks appeared at. the Lcrnan and Ower Bightship, 
off tlio Norfolk coast, and jfiar/// were killed by striking the lantern, and at the same 
time yz/ify were killed at the Dudgeon, a neighbouring Lightship. The weather was 
wet, changeable, and cold for the time of year. 
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incloide departures from the Hebrides and other western isles, as witnessed 
by birds observed at or killed against the lanterns of Skerryvure and 
Dhulieartach, but tliere is no appearance of any emigration from Ireland 
in this month, which is a rather remarkable and significant fact. 
Throughout September the emigration is much more evident on both 
eastern and western coasts, the Hebrides contributing largely to the 
latter. In some seasons a marked migration is recorded from Shet- 
land,^ where the species is chiefly a summer visitant. In Ireland, too, 
there is evidence from the south-eastern stations that the exodus has 
begun. Towards the end of die month the movement is more marked, 
especially in unsettled weather, when Skylarks are recorded as emigrating 
by night in company with Thrushes, Blackbirds, Ring-ousels, Wheatears, 
Chilfehaffs, Whitethroats, Wagtails, and other birds. As the season 
advances emigration is naturally (quickened until the early days of 
November, when this movement ceases to be observed. In some years a 
foretaste of wii.ter, in others periods of exceptionally unsettled weather 
cause pronounced * rushes ^ southward.*^ 

During the autumn Skylarks gradually draw towards the coast, on 
reaching which they pass southwards in straggling parties. On some 
days a succession of bands may be .seen following each other throughout 
the whole day, and in Septembfu* and October, if the weather be fine with 
light winds, such bands may be observed for days together without a 
break. This coa.sting movement is chiefly, if not entirely, performed by 
day ; but it is otlierwi.se when a considerable exf)anso of sea is to be 
crossed, as from Shetland, the Hebrides, or Ireland, and then their 
migration ns a rule is undertaken by night. The journey is continued 
along both coasts of Great Britain until the southern and particularly 
the south-western counties are reached, many of the east-coast migrants 
passing along the south coa^t westward. Probably, only a portion of the 
Skylarks, which move during the early autumn, quit our shores, many 
no doubt tarrying on the south or s<»utl) -western coast. Othor.s, how- 
ever, certainly dej)art for the Continent, cro.ssing the Channel chiefly 
at night together with birds of many other species ; but I myself in passing 
between Newhaven and Dieppe in September have observed small parties 
of Skylarks in mid-channel making for the French coast during the day- 
tiiue. 

2. J ntumn Immigration f rom Centra! Europe.^ -This movement is the 

most interesting and remarkable performance of the Skylark, or perhaps 
of any other British species, as it aftbrds a striking instance of the phe- 
nomenon of birds proceeding westward, and po.ssibly northward, from 
their breeding grounds to reach their winter quarters, and this in vast 
numbers for .several successive weeks, with scarcely a break. In some 
seasons this Immigration — which may be called especially the Skylarks' 
route, since they not only greatly outnumber the birds of any other 

' Tkc date of the first movement from Shetland varies according to the nature 
of the season. Jii 1882 it was observed as early as September lo, and in l.S8t> on 
September 25. Tlie^autumn emigration tbence does not ii.sually begin until October. 

There can be little doubt that during October and November the emigration of 

home-bred Skylarks merges to some extent with the Tiissage movement from 
Northern to Southern K\iropc then in progress along our coasts. 

®'^idenco accumulated since the presentation of the ‘ Dige.st of Observations’ 
Urep. Brit, 1806, p. 466) contiriiis the reasons therein staled for consiiiering 

western Central Europe one of the areas wherme Skylarks and certain other birds 
emigrate to the British Islands. 
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species using it, but probably tho winkle aggiogalo — sets in as early as the 
luuklle of September, but more commonly about tho fourth week of that 
month. On reaching our coast the majority of tho immigrants move 
along it southward, and then westerly to the Land s End, some crossing 
the Channel at various points to tho French coast, while others seem to 
continue westward or northwaixl to Ireland, appearing on the coast of 
Wexford at dates varying from tho middle to tho end of tho month, but 
having relation to those of their arrival on the east coast of England. A 
considerable number of the Immigrants, however, on their arrival in 
England proceed inland, and dispense ovt‘r the eastern, southern, and mid- 
land counties. It i.s in October, liowever, that this stream of immigra- 
tion becomes phenomenal. It then has the coast of Suffolk for its centre, 
with its right wing extending to tho Humber, or even fo or beyond tho 
Tees ; while the left, to some extent reinforced by birtls of Briti.sh origin, 
sweeps along the south coast to Devon and Cornwall, and, as in September, 
to Ireland. The winter visitants among these October immigrants pass 
inland by several routes ; a good many proceed up the Thames and 
Humber estuaries. Some idea of the magnitude of this influx may be 
gathered from this table, sliowing the number of days during October 
on which it was observed in each of the years : 

IftSO. 22 (lavs ! 18S:?. days lS8f5. 2.3 days 

18.S1. 12 ' ISSI in 1SS7.> 2() 

1882. 11 „ 1 1SS.“) 21 „ 

After October this Immigration falls off. The November movements vary 
according to the weather, but are never of great moment after the first 
few days of the month, when in most years they practically cease. In 
November 1883 and 1886 no east-to-west movements were recorded. 

It is characteristic of this immigration that the passage across the 
North Sea is invariably witnessed during the daytime, usually from dawn 
to noon, but not unfrequently prolonged till 3 P.M., and the birds con- 
cerned in it are actually crossing the line of flight taken by the home- 
bred birds which are then emigrating ; a very remarkable but not very 
uncommon occurrence in October. Other species crossing the North Sea 
at this time in company with the Skylarks are Starlings, Titlarks, 
Chaffinches, Linnets, Blackbirds, and Rooks. 

3. jUUumn Immirfraiion from Northern Europe . — Great numbers of 
Skylarks which summer in Scandinavia,- .seek our shores in autumn, their 
fir.st arrival during the years 1880 *87 being remarkably constant (October 
4 to 8), when the birds appt?ar in Shetland, Orkney, on the east coast 
of Scotland and north- east (jofist of England, during the. night or early in 
the morning, in company with Thrushes, Redwings, Blackbirds. Ring- 
ousels, Goldcrests, Chaffinches, JJramblings, and other species breeding in 
the north. These arrivals continue, at intervals, during October, and 
the Skylark participates largely in those remarkable movements which 
characterise the latter part of the month. These vast outpourings seem 
to exhaust the emigration from Northern Europe, for it was only during 
cwo years (1883 and 1884) of the inquiry that considerable arrivals from 

‘ Many recorded on October 9, 20, 21, 23, and 27 ; vast numbers on October 16 
to 18, jigain on 22, 25, and 26, 

* Professor Collett says (Oversifft a} CJirintiania, Omegns omUMlogiske Fauna^ 
p. 128) that Alauda arvensU is seldom seen in the Christiania district after tho 
middle of October. 
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the north are recorded for November, carrying the extreme limit of the 
period covered by tliis movement of the Skylark down to the li5tli of that 
month. Thus the autumnal immigration from the north, vast as it is, is 
compressed, as it wc‘re, into the period of little more than four weeks. 
The majority of these northern skylarks seem to disperse themselves over 
our islands, some of them reaching the Hebrides, and replace the home- 
bred birds which have already quitted their summer haunts. A great 
many seek Iroland, edther by direct passage from the south-west of Scot- 
land or by way of the Isle of Man, while some may pass from the Welsh 
coast to the shores of Dubli i and Wicklow. 

4 and o. AiUnmn Passatje from Central and Xorlhern Europe to 
Southern Europe alono the Uritiah CoaaL — These movements are much 
involved with the immigratory movements from the north and east, and, 
to a lesser degree, with the British emigratory movements already treated 
of. The transient visitors which effect it arrive on our northern islands 
and along our north-eastern coast, together with those which winter with 
us, in October, or in srime ye.'irs early in November, and after a short 
rest proceed along the coast, chiefly by night, southward and westward, 
crossing the Channel at various points. Though they are mainly confined 
to our eastern and southern seaboards, yet a considerable number make 
an overland journey across Great Britain, travelling down the west coast, 
while others possibly cross to Ireland, and continue their southerly journey 
along its eastern shores. The Passage movements from the east need no 
further notice now, since tht^y have been treated already under Section 2. 

iJeneral Remarks on AuUunn Etmtjrafion and Immif/ration , — Having 
treated of the autumn movements, both of emigration and immigration, it 
may be dt*sirablo before proceeding further to consider their effects on 
the Skylark population of l^ritain, and its position at the end of that 
season. Though a considerable number of home-bred birds have at that 
time quitted our shores, their departure has not materially affected the 
great abundance of the species, partly owing to the fact that the Skylark 
is double- brooded,^ and hence its annual increase is enormous, while 
prodigious numbers have poure.dinto England from Central Europe during 
part of September and throughout October, to say nothing of the immense 
number of immigrants from North-western Europe which have arrived 
during the latter month. The result is that from November to the 
setting in of cold weather the Skylark population of the British Isles is 
at its maximum, and vastly in excess of what it is at any other period of 
the year. 

6. Whiter Emigration fi*om^ ami Partial Mitjration within^ the British 
Islands . — These movements depend wholly on the state of the weather, 
and vary in degree according to its severity. The JSkylark obtiiining the 
whole of its food on the ground is at once driven to change its quarters 
when that is covered with snow, and only somewhat less quickly when 
it is merely frost-bound without snow. Should the late autumn and 
winter be uniformly mild, the Skylarks sojourning with us remain practi- 
cally stationary^ Pew, if any, winters are, however, entirely free from 
snow or frost, and with the first outbreak of cold the birds must remove 
themselves from its untoward influence. Sometimes suitable lodging.may 
be found not far off, and then the movement is but local or partiial in 
character. When this occurs, and the stress is but short, the birds soon 


^ many parts of England moat pairs of Skylarks have throe nests in the year. 

1901. B B 
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return to their former haunts ; but if the adverse conditions continue 
and become general, the movenuuit also becomes widespread and more 
or less universal. This (?ffect is especially produced by great snowstorms, 
when the luiiiiber of fugitives is so vast that people wonder where such 
prodigious multitudes (*au come from, as they throng towards the cofist 
and particularly the milder south-west coast of England — Devon, Corn- 
wall, and the 8cilly Isles -though many niuloubb'dly cross the Channel, 
and others proceed to Ireland. On the other hand, a few — and these are, 
perha])s, of our native stock —attempt to brave the unfavourable condi- 
tions, partly by resorting to unwonted places of shelter, especially the 
sea shore, but many, if ]mt most, of them succumb to famine. In 
Ireland, too, there are many winter movements, due to the pressure 
of climatic conditions, and Cork and Kmry are. especially resorted to 
during hard weather ; but winttu* emigrati<»n must bo regarded as ex- 
ceptional in Ireland, for one portion or another of its shores generally 
allbrds an asylum in the severest seasons, though many birds perish, even 
in its most favourable areas, during an abnormally protracted winter. It 
has already been state*! that Ireland onlinarily receiv<‘s numbers of 
Skylarks in autumn, and being again .sought by multitudes of refugees 
from the snosvs and frosts of threat ihitain, it follows that tlu^ Sk3'lark 
population of Ireland is at its maximum at a period when that of Great 
Britain is at its lowest. 

During some severe winters in Central Europe there is a renewal of 
the immigration of Skylarks (together with Starlings and Lapwings) 
across the North Sea to tlu^ south-east coast. 

During these cold-weather movements many of the emigrants perish 
at the lanterns of the Light-stations. Thus, on Decembiu’ 2, 1882, the 
Bell Rock Lighthouse was visited by what is described as being the 
greatest multitud*) of Skylarks ever known. It was impossible to estimate 
the number, hut they were * striking hard for a couple of hours like a 
shower of liail.^ 

If the statement that the winter emigration depends wholly on the 
state of the weather need any confirmation, it may he furnished by the 
fact that in the mild seasons of 1881 82 and l88o 86 very little was 
recorded. There are, however, usually spasmodic and partial movements 
in November ; but it is not until cold w'eather sets in that any general 
exodus takes place. If there has been much snow in December, as in 
1879 and 1882, there is little or no movement later in the season, because 
the birds have already departed. On the other hand, after the un- 
eventful December of 1880, there were pronounced emigrations in January 
1881. In February there .an', as a rule, movements more or less local, 
and due to snow, and in th.at month of 1886, which was cold and snowy, 
movement followed movement throughout its course. The March migra- 
tions are not of much account, but in unusually inclement seasons, like 
188*1 and 1887, there were ‘ rushes Ho the coast as late as the 20th of 
that month. ^ In other years there is little or nothing recorded for it, 

7. Sprinrf hnutif/ration of Stivtuier Visitants and Jietnrn of Winter 
Em tyrants. — The return of the Skylarks which- have left us during the 
. autumn and winter is observed on the southern coasts of both Great 
Britain and Ireland early in the year, their arrival taking place as a rule 

* At the Nash Lighthouse, on the Glamorgan coast, on March, 15, 1887, Skylarks, 
Starlings, Snipes, Woodcocks, Lapwing.s, Goklen Plovers, and Wild Ducks were seen 
flying teforc heavy snow from 8 80 A.M. to .'5 p.m. 
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during the latter half of February, and occasionally as early as the second 
week (in 1886 on the 11th), the immigration continuing throughout 
March. TJie precise time seems to be influenced by the condition of 
the weather in the birds’ southern retreats. If the early spring there be 
mild and genial, they begin their return early, but if the contrary their 
departure is delayed. (In arrival on the south coast of England many 
pass northward along the east and west coasts, the latter being the 
route chiefly followed by the earlier immigrants. The nrtuvn to Ireland 
corresponds closely with tlie arrival in Southern England, the earliest 
observation for the period 1882 -87 being on February 10, 1886, and from 
that time the movements occur at intervals. The other species of birds 
which reappear along with the Skylarks are mostly those wliich have before 
b(?cn mentioned in association with them — Thrushes, Elackbirds, Titlarks, 
Lapwings, and so forth. During April the inovcnnents of the immigrants 
become merged into those of the strictly called Birds of Passage. In I reland, 
during the first half of the month and occasionally to the third week, 
Skylarks continue to arrive in company with Wheatears and othei’ early 
summer birds. The n?turn movement to the Hebrides corresponds with 
that to the mainland, but, as in Ireland, the immigration is ])rolongcd into 
April. In Shetland the spring arrival of the native birds begins in the 
early days of March. The immigrants r(*ac*h the south coast of England, 
sometimes in vast numbers, during the earliest hours of the morning, but 
ill the south-east of Ireland, the chief point of arrival in that country, 
they are usually observed later in the day, but in the Hebrides at 
niglit. 

8. Sprimj Emigration to Cf^ntra/ Europo fro)n the British Isles^ — The 
return (west to cast) movement from South-eastern England across the 
North Sea comes very litye under observation compared with the in- 
flowing streams of the preceding autumn, and that this should be so is 
easily to be explained. In the first place, the numbers of travellers, owing 
to the waste of winter, have been mucli tliinned ; and secondly, because, 
like all other important emigratory movements, this one takes place cliietly 
at night, and so for the most j>art escapes notice, for it is reasonable 
to suppose tliat th.e first hour of flight takes the birds beyond the limit 
of observation at the Light-stations along our eastern coast. Some return 
emigration is nevertheless observed by day on the Lightships, the direc- 
tion of the birds being eastward from the mouth of tlie Thames, and south- 
eastward from the more northerly stations. There arc also enough observa- 
tions to show that the movement begins in February (in the mild season 
of 1882 on the 6th, but usually not till the middle of tlie month), and is 
continued until the end of IMarcIi, the 28th being the latest day recorded. 
As with the reverse movement in autumn, this is chiefly noticed on the 
Lightships between the Thames and the Humber. The otlier species of 
birds accompanying the Skylarks are Starlings, ‘ Crows,’ and Lapwings. 

9. Sfrring Migration to Northern Europe from the British /sirs. —In 
mild seasons during the third week of February tliere are indications at 
our north-eastern stations that the Skylarks which have wintered with 
us are beginning to depart for their northern homes, and throughout 
March, especially after the iniddlo of the month, there is usually much 
evidence to the sixmo effect, the concomitant species being Blackbirds, 
^oldcrests. Starlings, Woodcocks, and ‘Wild Geese’ ; but here, again, as 
in the last case, much escapes notice, and for the same reasons. 

The spring emigration from Ireland deserves separate consideration. 

B B 2 
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Beginning about the iniiltlle of February, it becomes more pronounced In 
March, and erases with the close of that month. The birds return by 
the routes taken in autumn and winter, chief of which is that between 
the soiith-east(‘rn counties, with Wexford as a centre, and the southern 
provinces of Wales and slioresof the IJristol Channel ; while during March 
there are return lliglits cross the Jrish 8ea to North Wales and South- 
western Scotland, (leiierally the birds set out after dark, hut Skylarks are 
occasionally recorded as migi*ating during the day, those from the southern 
portion of Ireland making fi»r tlie south-east, while those from the 
Wicklow coast proceed due cast. The night inoveiiumts are often per- 
formed in company with Tlirushes, Blackbirds, and SUirlings. The winter 
visitants to the Hebrides leave for the mainland of Scotland about the 
same time, and call for no special remark. 

10. Sprinf/ Souflu rth to Xorthevn mid Central Enrope 

along the British Cttasf. — Thest‘ movements take place during March and 
early April, and are not easily dislinguislied from some others that are in 
progress at the same time. It is probable, liowever, that thtj bulk of the 
Skylarks arriving at this time on the southern coa.st of England are en 
route for North-western Europe. After reaching tliis island they move 
iiorthward along tlu' coast, and finally quit the country in company with 
those which have been wintering in (ireat Britain and Ireland, os well as 
with other emigrants and transient visitors. 

Thk Mir.HATioNS or thk ^\\\k\aa^\s (II ir undo rust U-a), 

The familiar Swallow may be taken as a typical example of a Summer 
Visitant to the British Islands, whose breeding range reaches a high 
latitude in Europe, though not e::tending to the extreme north of the 
Continent, nor to Iceland. In our islands it is to be regarded, however, 
not merely as a summer visitant, but also as a Bird of Passage, traversing 
our shores in .spring and autumn on its way to or from its summer quarters 
in Western Europe. Its winter quarters are known to be in Africa, 
chietiy to the soulli of the (»reat Desert. In pnjparing the following 
compendium of its emigrations T have not limited myself to the rccoixls 
furnished by the various Light-.stations, since the majority i»f observa- 
tions tlu'n; made do not discriminate between the Swallow and the two 
specie.s of ^Martin also visiting our islands ; but 1 have availed my.self as 
well of the voluminous records chronicled in scjrial literature, often by 
expert ornithologists. 

Spring Iinmigration of Stuumer Visitants. — On this subject the 
records are so numerous and complete as to enable me to speak with 
authority as to the date of the Swallow’s succ(?8.sive arrivals on our shores, 
and also to trace witli some degree of accuracy its gradual spreading over 
the country, which ha.s hitherto been a desideratum. During March a 
few solitary >>irds annually appear, sometimes very early in the month, 
and though the.se may V>e regarded as somewliat erratic visitors, no year 
of the inquiry (1^M0-H7) is wanting in authentic records of their 
appearance. In all there are twenty-one records of March Swallows, of 
which ten were observed on the south-west coast of England, four in 
Ireland, tliree in the south-east of England, and two each in South-eastern 
and South-western Scotland. It is not till April that the vanguard of 
the host reaches our shores, and a careful analysis of dates shows that 
the average time of its app(;arance in different parts of our islands is as 
follows : For South-western England the beginning of the first week ; for 
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Ireland the end of that week ; for South-eastern England early in the 
second week ; for South-western Scotland the end of the same ; for South- 
eastern Scotland the middle of the third week ; for Northern Scotland the 
fourth week ; and lastly it is not till the second week of May that the few 
Swallows which resort to Orkney reach their destination. These early 
immigrants are cither single birds or pairs. Some ten or twelve days 
later than thc^ arrival in each case of this julvanced guard takes place the 
appearance of Swallows in some numb<!rs, and they become gradually 
abundant throughout the kingdom. The.se initial hosts are followed by 
others, and so the influx proceeds during the rest of April and the first 
half of May, and beyond that date in tlie case of birds of passage. In 
backward seasons, such as that of 1887, when cold and unsettled weather 
with snow and sleet prevailed, the vanguard may be delayed for about a 
week, but on that occasion its appearance was immediately followed by a 
‘ rush,* and' the birds became numerous and general only a little in arrear 
of their accustoned time. In the Hebrides and North-western Scotland 
the Swallow is uncommon, and mostly observed on passage in small 
numbers, while though appearing almost annually in Shetland, chiefly 
after the middle of iVIay or early in J une, it is little more than a straggler. 
In Ireland the immigrants arrive in considerable numbers until about 
the middle of May, and in some seasons (1883, 1884, and 1886) so late as 
the third week of that month, but it is possible that some of these later 
birds are on passage to the Hebrides and north of Scotland. 

It Is evident from the statistics consulted that the arrival of Swallows 
on the western seaboard is well in advance of their appearance further to 
the east. Not only is this so in the south of England, but even in Scot- 
land the districts of ‘Solway ’ and ‘Clyde * almost invariably receive their 
Swallows several days (somo^ seasons ten or eleven) before the ‘ Tweed * and 
‘ Forth.' 

Swallows are described as arriving on our southern shorts during the 
daytime, chielly in pairs, but sometimes as many as six or seven together, 
and flying low over the se.a, the immigration la.sting most of the day ; but 
they are also noted as coming in small parties, flock after flock, for several 
hours in succession, and unaccompanied by any other kinds of birds. A 
remarkable exception to this was, liowever, obser^'ed at the Eddystone in 
1887, when from midnight to 3 a.m. on ^lay 3 and 4 hundreds of birds, 
Swallows and Wheatears, together with (as testified by the wings of the 
victims) Reed-Warblers, Wliitethroats, Wood- and Willow- Warblers, 
and Redstarts were killed at the lighthouse. (Generally, however, few 
Swallows meet with disaster during their spring iourm\ys, a very small 
number striking the lanterns, while fewer still seem to suffer from exhaus- 
tion. 

Spring Passage from the South to Northern Enroj ^, — This movement 
of Swallows which pass along our coast-line on their way to their liomes in 
the north of Europe does not .set in till the last days of April, reaches its 
niaximum about the middle of May, and may be prolonged till nearl}^ the 
middle of J une. Slany of the earlier of these transient migrants reach 
our south coast in company with the Swallows that come to summer with 
us, but those which pour in during the latter part of May or in June aPro 
mostly passengers on their way to Scandinavia.^ The stream is almost 

* According to the information of I*rnfessor Collett, the Swallow is seldom 
in Norway in April. In the first week of May examples appear singly, 
ai^ut the middle of that month more arrive, and between the 20th and 26th all, 
perhaps, arc come, 
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wholly confined to our eastern coast, and the North Sea is crossed ere 
the northern limit of the mainland is reached, for these travellers do not 
scorn to take Orkney or Shetland on their route. A small number of 
Swallows yeai*ly visit the Hebrides during the first three weeks of May, 
and it is possibly these birds, or some of them, that find their vray to the 
Ficroos,^ and oven as stragglers to Iceland, while others may, perhaps, 
finally reach Northern Europe by this far western I’outo, which may 
originate, so far as the llritish Isles are concerned, on the east coast of 
Ireland and west coast of England. A few are also observed al)out the 
same time on the north-west coast of Scotland. 

Antintui Eniifjrntlou of Summrr Visitorff, — During the latter 

half of July parties of Swallows are reco»*ded as visiting the island 
stations ami lightships ofi‘ the east coast of (Ireat Britain and the south- 
east of Iieland, but it may be doubted if such appearances are of much 
significance, though it may be otherwise with some recorded in 1880, when 
during the sptdl of cold weather six fiocks of from fifty to sixty each 
were observed passing to the south on July 27 at the Tees Buoy Light- 
ship, and two days later numbers passed the Leman and Ower Lightvessel, 
off the Norfolk coast — some alighting, while one .struck. But even if 
the.st> were cases of real migration, it may have been but partial, and the 
birds imu’ely seeking better <|uar1ers within our area. It is not until the last 
we»‘k of August that Swallows onlinarily begin to leave Scotland and the 
north of England. Then there is a deeide<l movement southward, and, 
along with Redstarts and Willow-warblers, they are observed at various 
stations both on the coast and inland. There is no evidence that these 
l)ird.s actually quit the country, and most, if not all, probably tarry for 
some time in tlie south <*f England before crossing the Channel. The Irisli 
inovonKMits in August are less pronounced, but the returns show a decided 
inert'ase of visitors to the coast stations, and imlicate the setting in of the 
ehl). In September the southern movement becomes general throughout 
the whole counti’y, and reaches its maximum between the middle and 
end of the month. During its early <lays there is the first evidence of 
actual (lc*p;ii’ture from our sliores, and the cross-channel emigration then 
commencing proceeds throughout the autumn. The beginning of October 
shows a decided falling oft* in the numbens departing from the northern 
district.s, esjie< ially in the west ; but the southward movement is well 
maintained during the first half of the month from the east and south- 
west of England and the south-east of Ireland. By the middle of the 
month the emigration from Scotland and the north of England is over, 
ami Swallows observed after that time on the east coast of Britain seem 
to he th(} later emigrants from Scandinavia, which since Sept(*mber have 
been j);issing along that coast, mingling with our own birds, so that in 
many cases the two movements are indi-stinguLshahle. After the middle 
of October a considerable diminution is ob.servablo, except on the coast of 
the Channel, where the efflux is maintained throughout the month. 
During the first lialf of November stragglers are still to be seen on the 
east coast of Croat liritain and the south-ofist of Ireland, but there are 
no records of observations in the west of Scotland, and very few from 
tlie north-west of England. From the south of England many departures 
occur annually till the middle of the month, while stragglers are to be 

* Herr Knud Andersen informs me that the Swallow appears not uncommonly 
in the Ffcrocs in May. 
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seen later, especially in the south-west. December Swallows are rarcn 
aves^ and were only observed in one year of the inquiry. The autumn of 
1880 was reinarkal)le for the protracted stay of the Hirundinidw^ and 
a few belated Swallows were recorded on the south coast of England in 
the last week of November, while in December one was observed at 
Bournemouth on the 7th, and two at Eastbourne, and one at Woolmer on 
the 11th, the weather until that time having been mild.^ 

Aiiinnin Pasmfjp. alontj the British Cfiast from Northern Euroj)e . — The 
return of the Swallows which liave summered in Scandina^'ia (accom- 
panied by their young), and their {)assage along our coast, usually takes 
place from the middle of September ^ onwards, the 9tli of that month 
(in 1881) being the earliest day on which their movement is recorded. 
The passage is well maintained during the rest of the month, and is 
prolonged by a few birds to the first or even second week of October. 
Somci of these travellers from the north are perhaps induced by our 
milder climate to tarry, and it is possibly such laggards that occur on or 
near our east coast in Novc'inber, and thus account for the lateness of 
migration there obs(‘rvable when compared with the west coast. It has 
been already remarked that, aft<‘r their arrival on our shfires, Swallows on 
autumn passage mix with our native binls then emigrating, and it is no 
longer possible to trace the foniKu*, though they doubtless form the bulk 
of the rear-guard movements of the autumn. In Shetland and Orkney 
there is no appearance of these returning Swallows of passage, and but 
feeble evidence of their taking the Hebrides on their way, though the 
records incliciite such a transit during September and the first day of 
OctolxT. There are passage movements on the part of Irish birds dis- 
cernible in the the south-west of England to the third week of October, 
with occasional stragglers to the middle of November. In September 
of some years Swallows are recorded at the Iightshi])s off the mouth of 
the Thames and the Kentish coast as coming from the south-east, and 
occasionally in considerable numliers. 

Fariher Ohsrrvations on the Autumn Morrmcnis . — At the best stations 
for observing emigration it usually takes the form (»f the continuous 
passage of small parties, not oxc(M?ding a score, and as this may last for 
hours vast numbers thus depart. They have, however, been observtal on 
the south coast to assemble in thousands and fly away en but this 

is only occjisionally recorded. Swallows are frequently seen to emigrate 
in company with House. jNlartins and occasionally with Sand Martins. 
The earliest troops to cross the channel are observed to be composed of old 
and young birds. It has, however, been noticed that the large congrega- 
tions at various points on the south coast, whether preparing to emigrate 
or in actual movement, consist in many cases chiefly or entirely of young 
birds, but in others wholly of adults. More freiptently, Innvevtjr, the 
number of old birds is in normal proportion to that of the young. The 
time of the day at which emigration takes place seems equall}^ varied. 
On the south coast some, of the great movements are recorded as in 
• 

' Mr. Joseph Agnew, light-keeper, states that a Swallow was cauj^ht on the 
Monach Isles (with the. excei)tion of St. Kihla, the oiitrrinost of the llobridcs) in 
January 1.SS7, but he nn fortunately furuisliotl no further particiiljirs o^ the 
occurrence. 

Professor Collett st.atcs that Swallows begin to leave Southern Norwaj' the first 
week of September, and that lie has known individuals to rcniain there so late as the 
middle of October. 
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progress from early morning to noon, others as going on until night sets in.^ 
During the autumn and spring migration (though concerning the latter 
we lack detinite inforiiuitit)n) the English Channel is probably crossed by 
many routes, but there are certain much-used points of departure to reach 
which the birds shape their course. J^eginning in the west, we hnd among 
them the Laiui’s End, the Lizard, the Eddystone, and Start-Point. It is 
otherwise, however, on the J^orsot and Hampshire coasts, along which 
Swallows are recorded as proeeodiiig to the eastward, and it is not until 
tlie Nab Lightvessel is reached that the ilight becomes southerly towards 
tlic French coast. Tn Sussex, too, the lliglit is easterly towards Beechy 
Head, just before arri\ing at which many birds cross the Channel.® 
Others .still pursue their easterly tlight, and tinally cross the Strait-s of 
Dover. There may be other routes taken, but the points of departure 
just named are those wliicli result from the present inquiry. There are, 
liowever, some records of Swallows occasionally moving westward along 
the south coast. If this should be more than accidental, a cross-movement 
of departing birds occurs then. The shore lino is closely followed by 
many of the Swallows moving south, especially by those which are on 
passage. 


Invedhiationi< made at Ihe ^fariae Itiolorjlt'ut Lidtoratorn, Pb/moath . — 

Jb^port of the < roifaidimj of ^[r. (i. C. lk)l!UNK {Chair^ 
man). ^Ir. W. ( J arstanc; (Necre^//*//), JV)fessor E. Ray Lankestkk, 
Professor Sydney H. Vinks, ^Ir. A. Skdcjwick, and Professor 

*\V. F. 11. AVkldon. (J)rcnrn np hy the Set: rein ry.) 

The British Association's table has been occupied during the past year 
by the following naturalists, who <levoted themselves to investigations or 
to the collection and preparation of material for research on the subjects 
mcntion(*d : — 

Mr. R. G. Piinm‘tc, August- September 1900 (two months) : On the 
Pelvi(? Plexus of ElasTuobraiichs, and on the Anatomy of Ncmertines. 

.Mr. S. D. Scott, August 1900 {one week) : On the Excretory Pro- 
cesses of Ascidians. 

Dr. F. M'. Gamble, April 1901 (one week) : On the Histology and 
Physioh)gy of ]Mysis. 

Mr. W. B. Randles, July August 1901 (one month) : On the Anatomy 
of Trochus. 

Mr. W. M. Aders, August 1901 (two weeks) : On the Spermatogenesi.s 
of Cadenterata. 

Dr. Gamble’s work was unfortunately cut .short unexpectedly by private 
causes, and another gentleman, to whom the table had been allotted — 

' At the Nab Lightship, October 1, 18S0, Swallows are recorded as passing south 
at intervals, twenty at a time, from (lawn lo dark. The returns Irpm llanois Light- 
house, on the west coast of Guernsey, show that Swallows pass southward from 6 A.M. 
to 8 P.M. At the Cascjuets, west of Alderney, on October 1, 1880, Swallows, with 
other birds, Song-'l’hrushes, King- Ousel, Land- and Water-Rails, and a Woodcock, 
occurred from 11 p.m. to 3 A.M. : 200 Swallows struck the lantern. The movements 
at this station, however, may prxssibly have nothing to do with migration on the 
Rritish coasts. 

When crossing between Newhaven and Dieppe in September I have seen 
Swallows passing in a sonUi-easterly direction tqwafds the Eronch eqast, 
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Mr. Chubb, of University College, London — was also prevented eventually 
from making use of it. 

Ih spite of these circumstances, which prevented the utilisation of the 
table to the full extent, researches of a substantial character have been 
carried out. Part of Mr, Punnett’s work, ‘On Two New Pritish Nemer- 
tines,* which has been published recently,^ and Mr. Aders’ researches on 
Spermatogenesis, on last year’s material, have been submitted and 
accepted by the faculty of the University of ]Marburg as a thesis ft)r 
graduation. Mr. Randles’ report is given below. 

The Committee respectfully request re-election ; but in view of a 
balance of 8^. 5.^. remaining unexpended, they apply only for a grant 
of 10/., in addition to the balance in hand. 

On the Anatomy o/ Trochuii. liy^V, 11. Randles. 

T occupied the Rritish Association table from July 17 until August 17, 
1901, during which time I was engaged in collecting and pre.serving 
material for a res('arch on the anatomy and histology of Trochus. 

Several species of Trochus are to be found either at or in the vicinity 
of Plymouth, and are representatives of three sub-genera, viz. — 

Trochus (Oibbula) cinerarius. 

,, „ umbilicatus. 

„ „ tumid us. 

„ (Calliostoina) zizyphinus. 

„ „ striatus. 

„ „ granulatus. 

„ (Trocliocochlea) lineatus. 

An examination of the internal structure of Trochus shows the close 
relationship which evidently exists between this genus and Pleurotomaria, 
the anatomy of which has recently been described by Woodward.- 

Especially is this noticeable in T. (Calliostoina) zizyphinus, where, 
save for the presence of only one gill, the internal structure is almost 
identical with that of Pleurotomaria. The nervous system is, however, 
more highly diflereiitiated, there being a nearer approach to concentra- 
tion of nerve cells into ganglionic masses than obtains in Pleurotomaria. 

T have compared the various species of Trochus anatomically with a 
view to testing the validity of the division into sub-genera. 

Though the number of species obtainable here is not very large, yet I 
find that, as regards the sub-genera Gibbula and Calliostoina, definite 
anatomical differences do occur, which justify the separation of these 
forms into sub-genera. 

Trochus (Trocliocochlea) lineatus, Iiowever, presents no apparent 
anatomical differences from the various species of Gibhala ; and though 
the examination of a single species of this sub-genus is scarcely sufiicient 
to enable one to judge of its validity or not, yet a ^'ery close relationship 
evidently exists between Gihhula and I'rochocoehlm. I hope shortly to 
publish the results of my investigation on this genus. 

conclusion I beg to thank the Britisli Association for the use .of 
their table and to express my indebtedness to Dr. Allen for his many 
suggestions and over-ready help. 

* Quart. Jonrn. M, Science^ vol. xli. part 4, pp. 547-5t54, Two plates, 

* March J901, pp. 215-268, 
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iS'jnie Xo(t>i< on i/n’ Itclrtritntr of Yoiwj OntU artljicifdlif hatched. 

Ihj rrofessor .1. Akthpr Thomson, M.A. 

[Ordered hy the Croncral Cominitteo to bo printed hi ejrtfuso.'] 

Thk biological and psycliological interest of the observations made by 
Professor C. Lloyd Morgan and others on the behaviour of artificially 
hatched young birds ((^specially chicks) led me this summer to utilise an 
opportunity which presented itself of incubating some eggs of Lams 
ruiihuti(his and of observing the beliaviour of the young. I had also 
wished to obtain material for testing the iiilluence of difierent kinds of 
diet on the texture of the stomach, Imt this jiroblem was not followeci 
up. Although iny observations are not in any way surprising, they raise 
a number of interesting questions ; and it is, of course, well that we should 
contrast the ways of a thoroughly wild bird with th<»se of the chick, which 
has probably been to some extent changed by doim^stication. 

Some of the gulls which I hatched in my laborfitory were given to 
Dr. Lewis MacIntyre, lecturer on comparative psychology in the 
University of Aberdeen, ami I am indebted to him for confirmation and 
extension of certain fact.s which I noticed. But, as he has not seen this 
communication, he is not in any way r<».sponsibIe for errors of inference 
which may have croj^t in. I shouhl also notice that four newly hatched 
birds from difierent nes(s were iisetl for comparison with those that were 
art iticial ly i ncu • )at ed . 

Among observations made on repeated occasions at the gullery tho 
following may be noted, though they may be familiar to many. 
Although the thousands of birds are extraordinarily fjuick to take 
alarm — generally, to human jicrception, quite needlessly - they acquiesce 
ill two or three minut<\s to the presence of an intruder in a boat, if he .sit 
still under a c(»vering of sneking. The birds will then come within 
arm’s length and settle down, though the shape of the observer who is 
j>eering thr<»ugh holes cut in the sacking forms the most conspicuous 
object in the immediate environment. By thi.s method it was possible 
to make sure of tho fact that the same bird comes back to the same nest. 
As there may be humlred.s of nests within a small radius —at least half-a- 
dozen on the area of an ordinary household dining table -and as the very 
uniform bank of mud, tussocks, and bog-bean stems presents to our eyes 
few distinctive marks, and «as there is continuous rising, squabbling, and 
resettling, it seemed well to take some pains to li.x attention on birds 
with some slight peculiarity of plumage, and to prove that they came 
back to their proper nest. The extraordinary vaiiability of the colora- 
tion of tho eggs — from unspotted pale blue to very dark brown with 
darker spots — may facilitate the recognition of the nest during tlie day. 
On one occasion I observed that a very young nestling of the first or .second 
day which had tumliled out of its own nest and crawled to the next one 
was accepted without demur. Older youngsters, able to run about, are 
pecked at very viciously when they come near a brooding bird. 

J^trst Day , — Observations in regard to behaviour i.nmediately after 
artificial hatching were greatly hindered hy tho fact that the young bird.s 
are so imperfectly warm-blooded. Something of tho nature of a hothouse 
would bo useful. AVhen the young creatures were taken from the incubator 
or from a warmed box they were in a few minutes oppressed with cold, 
and uttered their cry of discomfort almost continuou.sly. As observations 
under conditions of discomfort did not seem of value, the birds were 
first studied only for a few minutes at a time. 
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Hatched with open eyes, whicli did not wink on the approach of a 
finger, the young birds showed no sign of any fear. A notable fact is 
their extraordinary self-possession throughout, though suspiciousness 
gradually grows on them.* They pecked within a few hours after 
hatching both at finger and spoon, with or without food, but wdth a lack 
of precision. They also pecked at the cotton-wool of their beds. Many 
of the lirst day's packings missed, but the learning w'as very rapid. It 
was observed that in precision of early pecking the young gulls were far 
ahead of young coots. Even on th(^ first day some} fed repeatedly and 
heartily, but this varied with the individual. 

Some preening was observed on the first day, and the general 
vertebrate action of raising the hind foot to scratch the head — seen in 
frog, lizard, chick, kitten, Arc. — was frequently noticed. Almost from 
the first, too, there was a slight use of the wings in balancing. 

On the first day one turned its head towards the cheep of another in 
a separate compartment of the incubator and cheeped as if in response ; 
a third, still within the egg (chipped), often uttered a note, twice repeated, 
when the others did. Little or no attention w'as paid to noises, except 
to a prolonged low whistle, which was followed by cowering, even on 
the first day. 

Second Day . — On the second day the pecking was vigorous and precise : 
the birds followed l)right objects by moving the head and neck, and pecked 
at them in motion. They attended to sleeve-links, ring, silver spoon, 
&c. ; they looked up or cheeped wdien 1 tapped at the window of the 
incubator, but they took no lioed of snapping fingers, ring of spoon on a 
glass beaker, rublung of cork on ghiss, and many other striking noises. 
They shrank a little from a sharp hand clap close to them, but did not 
cower. A prolonged low whistle again made them crouch in silence, but 
after a number of trials orf the same day (second) one of them entirely 
ceased to attend to it. It would be iiiterosling to discover if there is in 
the normal environment some alarming sound corresponding to the 
prolonged low whistle, but I cannot make any plausible suggestion whicli 
would apply to the gullery observed. Later on there was obvious associa- 
tion of certain sounds with the advent or discovery of food. 

The sensitiveness to cold — wliich n^peatedly led to si reduction in the 
number of young birds — was still very marked on the second day. Even 
on a rug before the fire one would creep into my hands or crawl up my 
sleeve, apparently for warmth. At the pond many young birds seemed in 
a state comparable to cold-coma, and it may be suggested that this will 
tend to prevent premature excursions, which w'ould in many cases 
inevitably land the young birds in the water. A gentle pecking under 
shelter, c.y., of trouser-leg, suggested pecking at the mother's coverts. 

As is well known, the adults are very combative, and it was interesting 
to observe a fight early on the second day of life. Beth pecked at Aleph's 
bill, Aleph responded, .and there was a combat so forcible that separation 
seemed advisable. It was interesting in connection with these youthful 
combats to notic6 the interlocking of the bills just as may be observed in 
adults. As has been pointed out, these bill- wrest lings are of biological 


1 T * 

^ 1 may note licre that in early days the presence of cat or dog docs not seem to 
excite any .attention ; later on there is alert attention, hnt no apparent fear : a 
gull two to three weeks old wall run at a fox-tevviev and peek its nose; but later 
on, before they fly off, when about a month old, the birds utter the alarm cry 
ana retreat on the sudden appearance of a cat or dog, 
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interest in connection with the regeneration of injured beaks in birds. 
I cannot suppose that this second -day combat was other than an early 
expression of the combative instinct ; it could hardly be due to hunger, 
for I have noted in regard to Aleph and Heth, between their first and second 
days, that they wore fed at tV^0 a.m., at (5 A.M., at 9.30 A.M., and so on till 
6 p.M. They would only take a little at a time, but that greedily enough. 
I suppose the mother must give them mouthfuls with great rapidity, for I 
entirely failed to see a single case of feeding at the gullery, and others 
have been ei]ually unsucec^ssfiil. Between 7 and 8..30 p.m. on May !24, 
between 3.30 and 7.30 a.m. on the 2oth, along with a careful f»b.server to 
whom T am much indebted, I watched the nests in the hope of detecting 
the feeding prooes-s, but quite in vain. 

2'hinl Da }/. — On the third day one of them had a bath, and showed 
the completeness of the cleaning instinct. The lioad was ducked sideways, 
shaken about, and reducked precisely in adult fashitm, and this on first 
experience of water, and of course without any example. After some clean- 
ing the bird drank in the usual chick fashion. 

Another, Omega, on its third day was put into a deep bath : it 
screamed for a few seconds, theusettlecl down to paddling in a thoroughly 
efficient fa.shion, but with a tendency to swim backwaicls. It washed its 
liead thoroughly, cleaned its bill with its foot, turning round and round in 
the water like a top, and after tlie bath it preened itself. Bopeated ex- 
periments with ditierent birds show'ed perfectness of swimming powers 
without experience or imitative* stimulus ; also perfect preening after the 
bath. 

In .several ca.se.s the batli was followed by extreme weakness, by con- 
vulsive fits, by inability to stand upright- also observed in fatigue (tho 
whole tarso-metatarsus being horizontal) and by a physiologically inter- 
e.sting tendency to run rapidly backwards and tlu*n collapse. After 
various treattnents— warm milk, a little oil, massage, and drying before 
the lire — there was raviid restoration to normal vigour. T should, of 
cour.se, like to know what the backward movements really mean. They 
are not to be confused with tlie normal back w\ard run of C 9 inches before 
defiecation, which is doubtless in part an instinctive adaptation to avoid 
filing the nest, though perhaps also with some internal functional import. 

Omega in its third clay was fighting with X of two clays, cowered 
clown into a corner when I hissed vigorously : it was far more frightened 
than any other T ob.servcd. Again, one would like to know what the hiss 
corresponds to in the normal environment. The same bird Omega fought 
on the same day with Y (a clay younger) with the hills gripped in the adult 
fashion. 

My observations made at odd times in ;i busy summer session cannot 
be taken so seriously as tlie careful studies by Lloyd Morgan and others, 
but they left me witli the general impression that the wild bird is in some 
respects more endowed at birth than the cleverest chick. 

For instance, while wc know that Lloyd !Morgan*s chicks would gorge 
themselves with useless or hurtful things, such as worms made of red 
worsted, the young gulls were from the first judicious in their eating. 
During the first two days they got some of the cotton-wool of their 
bed into their mouths, hut this was inevitable ; they often pecked at little 
pieces of dry excrement, just as they pecked at any conspicuous spot, such 
as a letter on a piece of paper, and so persistently at spots on the saucer 
that it seemed advisable to give some of tlio youngest an unspotted saucer. 
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Once or twice 1 saw one peck at a flame, but as far as I could see they 
never swallowed anything injurious or useless. They would test particles 
of tobacco, for instance, with an exceedingly rapid touch, but they never 
went beyond testing. The same was true of young coots. I tried X re- 
peatedly with a little twisted roll of paper : he pecked at it three times 
after much provocation, but he threw it away eacli time, and beside this 
we have to place the fact that they ate worms in the garden and small 
insects without any hesitation the very first tinn?. A heavy meal of a 
particular sort s<*emed to b(? followed by repugnance Ut the same food 
next day ; they showed that repentJince which is ‘ the w eight of undigested 
meals at<5 yesterday.* Thus I note that ‘ Alpha and Beta ate too much 
fish yesterday, won*fc touch it to-day, but take liver freely,* and similarly 
with many other food-stufls. Noteworthy achievements were catching 
a flying insect and breaking an earthworm into three pieces. 

As to (juickness of learning, I observed that of tw'o nestlings who 
were having th'jir first experience cif food in a saucer, the elder after some 
food had been given to it pecked of itself, while the younger pecked at 
first only at the bill of its senior, but w'ithin five minutes pecked also out 
of the saucer. 

As to sounds, it seemed possible to distinguish (a) the peep-peep 
uttered before bii'th and long afterwards when they were not completely 
comfortable. The same is heard at the gullery wlien the mother has been 
oft' the nest for some time ; sometimes in my specimens it would not be 
once heard for tiftctjn minutes or more. It means cold, hunger, or some 
discomfort, (h) Secondly, there is a deeper, more adult-like dissyllabic 
quack uttered in excitement before food, (c) Thirdly, a sharp surprise 
cry uttered wdien they were lifted (juickly into bright light, or disturbed. 
(d) Fourthly, there is a very plaintive, but contented, almost sigh-like 
cheep, often when very counfortable. 

One thing the young gulls seemed to have to learn in their artificial 
enviro!unent >vas to recognise water to drink, but this was probably 
because it was presented to them not quite normally — in saucers, glass 
vessels, and shallow bath. Although thirsty, they would walk round, or 
even at first through, a saucer without using their opportunity. As with 
Lloyd Morgan*s chicks they drank if they got their bills wet by pecking 
wdiile standing in the water, and they also drank when thrown into 
water. Only after ten days* education did one of them go at once to a 
dish of water placed on the floor and drink. 1 conclude that an artificial 
association was established betw^een a shining surface and drink, for I 
have seen my gulls of three wrecks or so trying to drink from the glass lid 
of a pasteboard specimen box placed on the floor. 

Another general impression I got wa.s that the kin-instinct is strong. 
There seems to be even from wdthin the egg a responsive piping to those 
outside. On the first day Beth tried to make towards Aleph in a separate 
compartment of the incubator ; an older bird showed the greatest com- 
placence towards its younger companion wdio followed it about and often 
tried to snuggle under its imperfect wing ; wdieii one, before having its 
first bath, tumbled from the floating cork raft into the water, and was for a 
nioment confused and screamed, his companion, who had experience of 
two previous baths, jumped after the first, swam to him, and touched him ; 
where two strangers were brought together for convenience of warmth, 
there was in one case amity after a few bill-peckiiigs ; in another case 
they were not seen nestling together Jill the third day ; in two cases 
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when the older gull had taken llight into frocdoni leaving a youttgel* cOiil- 
panion in the garden, tlio lirst to Hy returned repeatedly * to visit the 
youiiger until it also llew ; adults of the species tlew about overhead 
when the young in the garden were appnmching their time for flight. On 
the other liaiul, a winged herring gull (shot by some careless person) 
which lived in the garden displayed not the renu»test interest in its small 
congeners. Nor weiv young coots interested in young gulls. 

The widespread following-instinct was very marked iMjtween younger 
and older ; indt'ed, to lind i>ne in a large room in the summer twilight the 
quickest way was to set loose another, and it should also be noticed, in 
coufirinatiou of some remarks by Thorndike, that one of the young gulls 
used to follow a little boy’s bare feet persistently over the lawn, nestling 
beside them when he stood still. 

Finally, it may be imticed that while there was for three to four weeks 
great tameness and familiarity on the part of the young gulls, the wild shy- 
ness and suspicion grew quickly after tlu‘y were able to rise from the ground. 
The species is of course niigratorv, and there seemed to be a growing 
restlessness towards the end of duly, but this may liavc boon prompted 
by adults who frequently tlew round and round overhead. It was note- 
worthy, however, that there was a rv^turn of tameness on the part of a 
younger bird after the lliglit of tlie older. It was even seen to thread its 
way through a group rd* children seated on the lawn, and coolly ap- 
propriate a strawberry from one of th(3 plates. 

('hantfe.< of tJo' Ldtol Levrl of tho VJiletjrn an Vielh , — Ikcport of a 
f 'fiiininftrr, of Ur. If. Jl. yiiLL ((^/ioinnfin),, Mr. 11. N. 
UicKsox (Secrddri/)^ i)r. Scott Kkltie, /ofd Mr. li. T\ GPntiier. 
(Dnura up ht/ Mr. R. T. Gcnthkk.) 

Work was commenced soon after my arrival in Naples at the end of 
June 1901, and is still in j)rogre.ss. 

I am very glad to lie able to report that the material for investigation 
is even more abundant than I anticipated wlien th(^ research was pro- 
posed as a desirable one a year ago. Many of the so-called rocks and 
.shoals along the coast of Posilipo liave proved to be really artificial con- 
structions, Roman breakwaters and foundations, and walls of houses. 

So far as I am aware, these constructions, now submerged to varying 
depths, have never been mapped ; nor indeed is there a good large scale 
map of tlie coast upon which the submarine anti({uities could be plotted. 
I have tluirefore had to devote a good deal of time to the preparation of 
a new survey of the coast line before beginning to map the adjacent 
portions of the sea bottom.. 

The sites to which I have devoted most attention are : 

1. A triangular area inside tlie Pietra Salata, soutli of the Capo di 
Posilipo. Here the remains of a large liouse or houses have been dis- 
covered. 

2. The ancient harbour of Marechiano, famed as the traditional site 
of Pollio’s fi.sh tanks. 

3. The Gaiola region and Trentaremi Bay. To the north-east of the 
Gaiola is a Roman harbour, which seems to liave altogether escaped the 
notice of modern archasologists. It is sheltered on the south by a series 
of piers (now entirly submerged) «i'ery like those of the Roman harbours 
of Nisida, Poszuoli, and Misenuin. 
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It is unfortunate? that this material, being su}}merged, will take a long 
time to work out completely ; were it above water a clear idea of its 
significance would be sooner obtained. 

^ So far as the work has gone at present, it tends to show that the 
land level in liomaii times was about 15 feet higher than at present ; 
that there was a road all along the coast of Posilipo underneath the cliffs ; 
and that this road was lin(‘d by numerous houses, most of which have 
been washed away. These points and others will he shown on a map 
which is in preparation. 


Tlio Clf'i}f(f.olo>jii (tf Afru'n. — Tnalk myJ Fuud Iit'fort of a CoiUmUlee 
o/ Mr. io. (j. Havknstkin (CJuui'iiinii) , Dr. 11. R. Mill, 
and Mv. 11. X. Dick.SON {St.‘crciarif), (l)rnit'ii up hi/ the Choir uian,) 

IMeteorolooical returns have been received by your Committee in the 
course of last y(‘ar from tw'enty-om^ stations in Africa, including Asiutand 
Omdurman : Old Calabar; Rlantyre, Lauderdale, Fort Johnston, and 
jSkata Bay in Nyasaland ; Kisimayu, Malindi, Lamu, Takaunga, ^Mombasa, 
and Shimoni on the coast of British East Africa ; Machako’s, Kitui, 
Nairobi, and Kikuyu in the interu>r of that Protectorate ; and from the 
four lake stations in Buganda. We arc, moreox er, enabled to give* the 
results ot seven years’ observation on the rainfall at Mengo (Buganda), 
taken from the unpublished journal of the late Mr. A. M. Mackay. A 
table giving the rainfall since 1 890 at a number of stations has been added, 
Since tlie appointment of your Committee in 1891 meteorological 
reports from as many as seventy-one African stations have been pub- 
lished through its agency, and it may safely be asserted that many of 
the more valuable of these observations w’ould never have been made or 
become generally available had it not been through our action. Amongst 
these stations, however, tliere are only fifty- six the records of which 
embrace a full year, and eleven from which w'e have received full returns 
for at least five years. These latter are Lauderdale, Duiiraven (rainfall 
only), Kisimayu, Malindi, Lamu, Takaunga (rainfall only), jVIombasa, 
Chuyu (or Shimoni in Wanga), Machako’s, Fort Smith (in Kikuyu), and 
Mengo (Namirembo and Natete). Among stations having a less extended 
record, but distinguished for the care with which the observations were 
taken and the interest attaching to the results, are Bolobo in tlie Congo 
State (3;| years) ; Zoniba (1 years) and Fort Johnston (28 months) in 
Nyasaland ; Kil)wozi(l8 months) in British East Africa and Old Calabar. 
We should also refer here to the high value attaching to the observations 
on the Lake le^ el of Victoria Nyanza. 

A summary of Pr. Livingstone’s meteorological work during his last 
journey (18G6-71) will be found in our report for 1894. 

In £f/i/pt Major Lyons, Director General of the Survey Department, 
IS gradually pushing meteorological stations into the Sudan. 

In Nyasaland the scientific department has been organised by Sir H. 
Johnston and placed in charge of Mr. McClounie, an able and zealous officer, 
who during a recent visit to Europe has availed himself of opportunities 
offered to gain a competent knowledge of the w'orking of a thoroughly 
quipped meteorological observatory. Zomba, the headquarters of tho 
Protectorate, wdll soon take its place among stations of the first order, for 
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it is now furnisliod with a thorniograph, a barograph (specially designed 
for a considerable altitude), an anemometer, aiul a Wliipple-Caselle sun- 
shine recorder. Fort Johnston ranks as a station of the second order, 
and it is proposed to establish similar stations at Chinde and at one of 
the lake ports. In addition to Ljiuderdale, where the representatives of 
Mr. J. Moir continue his work, Zomba, and Fort Johnston, there are 
ten climatological stations, and rain-gauges have been set up in many 
places. Quite recently ten hygrometers have been ordered, for, as Mr. 
McClounie writes, ‘ cacao is to be experimented with, and to think of 
growing such a product anywhere we musb have some idea of humidity 
and saturation.' The rt‘gist(M‘s are kept in conformity with our ‘ Hints.' 
Tlic results are published monthly in full as a Supplement to the * British 
Central Africa Gazette ' and freely distributed. 

In British East Atrica instruments were supplied in 1891 by tlie late 
Imperial British Fast Africa Company, and it does not appear that fresh 
grants have been made since or breakages made good. The q|pi.rlier 
records appear to have beeii lost, but a summaiy of all that could be 
saved up to 1S93 has been published by the Chairman of your Com- 
mittee.’ All that has been done since will be found in the ‘ Reports ' of 
your Coinmittet‘, the original ‘ Registers ' having been kindly communi- 
cated by the Foreign Oftiee. 

In July 1805 Dr. A. D. Mackinnon proposed to H.M. Commissioner 
for Buganda the establishment of at least three fully equipped meteoro- 
logical stations, there existing at that time throughout the Protectorate 
only two rain-gauges, in addition to a few instruments in the hands of 
the missionaries. Tliese sets, including mercurial barometers and anemo- 
meters, were granted by the Foreign Ottic<5 in May 180G, and supple- 
mentary grants have been made since. When Sir H. H. Johnston 
arrived at the close of 1890 lie found Mr. Alexander Whyte at the head 
of a scientific department, and he induced tlie Foreign Ortice to appoint 
an assistant (Mr. J. ^lahon), who should .attend more particularly to the 
collections and the tabulation of meteorological information. Meteoi-o- 
logical stations have now been establisheil at Naivashca, Baringo, Eldoma 
Ravine, Kisuinu, Mumias, Jinja, Fort Thruston, Kampala, Ntebe, Fort 
Stanley (Scse Islands), ^Masaka (Buddu), Fort Portal (Toro), Mbarara 
(Ankole), Hoima (Unyoro), Wadelai, and Gontlokoro. 

Such of the instruments originally issued by us which have not 
become unserviceable, been lost, or been otherwise? disposed of have been 
left in the hands of trustworthy observers, with a reversionary claim 
upon them by the British authorities within whose territory the stations 
are situated. 

Your Committee have likewise published ‘ Hints to Meteorological 
Observers in Tropical Africa,' which, they are happ}^ to say, havQ been 
made widely known and freel^*^ accepted by observers. Copies may l>e 
obtained on application to the Secretary of the Royal Meteorological 
Society. 

The registers received by your Committee, and not claimed by the 
observers, have been handed over either to the Meteorological Council or 

* ‘ Report on Meteorological Obser vat 1911 m in British East Africa fo:: 1893.* 
London: G. Bhilip k, Son, 1891. i*ersons interested can have copies gratis on 
application. 4 
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to the Secretary of the Royal Meteorological Society, and may be freely 
consulted by persons interested. 

Your Committee are under no illusion as to the merely conditional 
value of many observations published by them. The index errors of the 
instruments were unknown in many instances ; the hours for making 
observ'ations were in judicially chosen ; the observers, owing to illness or 
official duties, were frequently unable to fill up the registers, and there 
was no one to take their place ; or, worse still, they had absolutely no 
knowledge of the manner in which the instruments entrusted to them 
should be handled, and placed readings on record which, on the face of 
them, are utterly absurd,* and must unhesitatingly be rejected. 

Ytmr Committee, on bringing their ton years’ service to a close, 
desire to direct the attention of the authorities called upon to organise the 
meteorological service in Jlritish Protectorates or Crown Colonies to the 
following point*- : — 

1. The instruments supplied should not only be verified before they 
leave England, but should also be inspected periodically by a competent 
olliciul, who would pay particular attention to their exposure, inquire 
into the competency of the persons charged with filling in the registers, 
and eventually teach them how to observe. 

2. Inasmuch as all officials may occasionally be called upon to fill up 
tlio registers, tlicy should be instructed, before tliey leave England, in 
handling and reading the usual meteorological instruments. An liour 
spent at the office of the Meteorological Council, or with the Secretary of 
tiie Royal Meteorological Society, would sufiice for that purpose. 

3. It is of far greater importance to have .a limited number of stations 
well equipped, and the registers from which can be thoroughly trusted, 
tJjan a multiplicity of stations provided -with defective instruments, care- 
lessly or intcrmittingly attended to. 

4. Care should he taken that there should be no interruption in the 
records kept at the principal stations owing to the illness or temporary 
absence of the observer. Duly qualified rative assistants could be 
obtained from the Meteorological Department of India. 

5. It is most desirable that the hours of observation recommended in 
our ‘ Hints ’ should he strictly adhered to, not for the sake of uniformity 
only, but mainly because they yield a true mean of barometric pressure, 
temperature, and humidity without making undue or unreasonable demands 
upon the time of the observers. 

6. Unless local provision is made for the adequate publication of the 
observations, tlie registers should be forwarded (tlirough the Foreign or 
the Colonial Office) to the IMeteorological Council, or to the Secretary of 
the Royal Meteorological Society, in order that abstracts may be prepared 
and made generally accessible to meteorologists and others interested. 
Still better would it be if an annual volume containing all these observa- 
tions were to be published separately. 

* Not infrequently, as pointed out by us in publishing these observations, the 
^'et bulb and maximum thermometers give higher readings than the dry bulb and 
minimum thermometers. Nay, some of these observers seem to be ignorant of the 
decimal notation, for they enter 17*8 or 30‘()8 when there is no doubt that 17*08 and 
30-0(>8 ought to have been entered. 

1901. 
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^ Ileifiht cf Barometer ahore Sea-lecel 370 m. ^ihtraot of Monthly BeturnSt PMUhed 

hy Major J, S. G. Lyons^ It.E.^ Director General of Survey Dvjmrtment, Cairo. 
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OwJtfrwa/i.— Tlic Barometric Pres-sure has been nduccfl tu O" C., but not to ilw* st a-lcvd (»r Lit. 15=^. 

The meau temperature up to December is «l«luccil from tlie formula t»+2-t»+‘J+9 . with .lanunry I'jni, from ihr fvjrmulii 
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I Calnhar. Lat. 4® 58' U'., Long. 8® 17' A'. Olm'rvtri^: Dr. E. G. Fenton and Dr. Robert Rea 
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siro 

•19*0 

' 

— ' 

— 

* 0*04 

1 

; 0*04 

; 

1 

1 July . . 

— j 

i 8l‘H ' 

6C*l 


86-0 , 

0-1-U 

__ ! 

— i 

_ 

u uo ■ 

U 

1 *— 

5 — 

— 1 

! 1900 


1 



1 



! 




i 

i 

i 

j January 

2S-R10 

1 91-4 

0S*3 

80- r> 

9S'0 ’ 

CB-0 

74*6 

•.8.')8 : 

81 

n*.37 ■ 

20 

2*34 

; 5*7 

— : 

1 l-’iiliruaVy , 


1 91 •! 

B7-1 

77*9 

9X'0 

(53‘5 

72-9 ' 

•809 ■ 

79 

, 3 05 

10 

i 1*10 

' 5*2 

^ 1 

: March , 

•S7.S 

! 92*.') 

«7‘:{ 

81*1’. 

99*0 

»;4-o 

72-5 

•798 

75 

! ‘2*57 

11 

! 0*(59 

' 4*0 


: April . 

•92*2 

; 91 •» 

G.Vl 

Hti*7 

9.V(I 

i; 2 -o 

71-S 

•779 

74 

0*07 : 

3 

1 0*04 

2*3 

— : 

May , 

•or-i 

' WMy ' 

«i2-») 

79-.'> 

9:;'0 

5H-0 

70-3 . 

•713 

7:l 

' 0*17 

0 

1 0*15 

' 3*0 ; 

— 1 

! June . 

29-II45 

X3-4 j 

BB-l i 

72*5 

9trii 

f)2'0 

C4-0 

•598 ; 

71 

o*ol 

1 

, 0*01 

8*0 


October 

2ST);ii 

loi-s 

Gr)‘2 . 



lo.')-2 ■ 

59*1 

; 

— 



■ 0*00 ■ 

0 


; 2*4 

303 ; 

Xovcinijcr . 

•7)32 1 

9U'9 ! 

72'H 

82’ 1 

101-7 

tl-l-K ! 

70*2 : 

•711 . 

04 

1 2*S0 ; 

10 

' 0*05 

j 3*8 

209 j 

Deccnibcr . j 

■4U7 

m 1 

««'o ; 

HO-f . 

99-1 ; 

«I*8 ! 

71 '5 ; 

•7x3 

74 

' 5*47 ; 

— 

i 1*25 

4*2 

279 j 

1 tort Jofinxton.- -The mean tomporaturo is dotlnccd from the formula 

7+2+9+9_ 

4 

the humidity from 

7 + 2+9 

3 • 

1 

The! 

1 


I •»!ironiett?r is form’twl for indox orror but not reducod to 32® F. 


(p<i;iMin-)s.i) 

OUjl|SUIIS 


umu 

UlMJ^ 


.a 

•M 

I 



3 ? I s: j 

5^ + + w + ^ SI ^ 1 w Cl 1 

X 1 X 

1 Cl e 7 ! 

C'X-'ClCOXXfSiOS'XCO 

wa ^ cs .p ..c p 1 - rt p a Cl p 1 
-«y. ^••jTTCi© 1 

sli 1 

^^•^-.OcOXfSOXXW j 

®«o -i + P9 SI X 1- r- Cl I- b 

1, l, t, -.J -J i- t, t>. X X 1 

Cl -1 X j 
■+ + SI 

1- 1- t- 

•rwx ; 

0 V ! 

» '•'* - i J 

1 5 *5 « c. s 5 *©'s r*^ c S i 

^xx i 

u 

w 1 . r 1 





*s. •- 

s a 
n £H 

-;i' si 

Ji ! ;« 3 

+ ^ 5=5 

<N j g; ’J2 

+ 1 * ,■* 


JS S 3 

a 


» M 

*« "“'a* 

^ 5! a 

ft .a 3 




ii 


>S; S 

§ I" 


•fl, 


s* 

s s 


H-io' ■ ’mm ^ibciwjAio’ ’ ' "»<s« 
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KEl’ORT — 1901 


Momham. 4“4’ ,V.. 39° la' A’.. BO./J-f/. Obufrrer ; J. IV. TriUim. 



Pri’.spnrt 


Moan Temperatures 


Temp, i 
Extremes*' 

S) 

J 

llmuidity, 0 a.m. 

i 1 . ' 

j Rain 

! . ... . • 

Month 

of.Vtmo 

sphere 

9 A.M. 

‘si 

o 

' t ^ 

fe ^ 
^ a 

e ■ 

e • 
e - 

<.0 

I 

■ ** I 
% * 

^1 

‘3 

Q 

Dew 

Point 

* 

Relative 

Humidity 

i 1 i . 1 til! 
i ilPar 

1 1 !« ig - 1 

1900 

In. 







^ j 




In. 

P.e. 

! In. jNo. III. No. 

anuary . 

29-831 

83 0 

80S 

sr^'-o 


p 

84-7 

88 

80 

4^5 

l_^-8 

1-015 

9:i 

1 4-09 7 1-05 17 

ebruarv . 

-846 

H4-9 

82-8 

87-5 

82-7 

85- 1 

90 

7(» ' 

4-8 

82-2 

1-096 

94 

! 2-23 5 1-05 n 

[arch * . 

•874 

84-9 

93-3 

87-7 

68- 1* 

77-9‘ 

98 

G0»: 

8-sP 

82*8 

1-120 

95 

i 6-62 11 2-22 13 

pril 

•879 

86-,-. 

83-6 

87-7 

85-3 

86-:> 

90 

82 

9‘ . 

83*1 

1-130 

94 

; 2*64 8 1-35 5 

'18-07 16 5'IU 6 

lay . 

•H:»S 

81-8 

81-0 

84-5 

si-5 

8,VO 

87 

80 

3-0 

81-5 

1-074 

96 

nne. 

•946 

797 

rs-i 

82-4 

80-3 

81-3 

84 

79 

2-1 

77-5 

0*942 

95 

1 2-53 10 0-60 10 

uly . . 

•963 : 

78-9 

77-2 

81-9 

80-1 

81ii 

86 

79 

1-8 

76-0 

•913 

95 

0-13 1 15 1-12 9 

.ugust . 

•959 1 

79-2 

77-5 

81*4 

80-9 

HM 

83 

79 

0-5 

76-9 

*922 

95 

1-45 : 9 0*50 6 

cptember 

•917 : 

80-7 

79-2 

82-8 

82*2 

82-5 

8.5 

SI 

0*6 

7l)-() 

•988 

98 

2 :14 i 8 1-05 2 

ictobiT . 

•870 

81-8 

80*2 

83-4 . 

82*9 

83-2 

85 

81 

(»*5 i 

7l)-7 

1-011 

95 

6-22 ! 9 1-831 5 

November 

•Sir , 

8,3-i 

81*6 

851 1 

8;{-5 ■ 

84-3 

. 88 

81 

1'c ; 

81-1 

1*059 

9.5 

5-44 1 9 1-65 a 

KiCember . 

•786 . 

83-5 

81*4 

85-4 , 

84-2 

84-8 

= 87 

82 

1-2 ! 

80*8 

1-047 

94 

: 3*86 1 8 1*07 1(J 1 

.’ear 1900 

29-887 

82-2 

80-5 

84-7 

81-2 j 

85-9 

. 98 

60 . 

:i*5 1 

80*0 

1-026 

95 

61-66 114 5-10 99 I 

:{6-ir> : 94 2-78 — 1 

25-(K)* 39 2-50 ~ ! 

52-56 . 42 ‘6-501 — , 

„ 1899 , 

•911 , 

81-7 

79-4 

85*9 ‘ 

78*6 ! 

62*3 

90 

73 

7*3 j 

78-5 1 

•974 ; 

90 

., 1898 

•889 . 

81-4 

■ 78-5 

81-5 

76-2 1 

Ho-s ; 

: K7 , 

69 

K-4 ! 

75-9 : 

‘946 

88 

„ 1897 

•904 

80-7 

: 77-0 

83-2 

75-4 . 

79:; 

88 

71 

7*8 1 

75-6 ! 

•886 

85 

„ 1896 

•906 

80-3 ; 

; 75'C 

82-9 . 

75-H 1 

79-3 

89 , 

70 

7‘1 1 

i3*8 i 

■832 . 

81 

; 65 -J4 ; 94 14-31 1 — ^ 

.’ean, 1896- 
19(H1. 

29-899 * 

81-5 

78-1 

81*2 ' 

! 

77*4 ‘ 

81-4 

90 = 

7H 


1 

77-0* ' 

•900‘ 

86* 

j . 

47-92 : 77 — : 


Mitnibom. -All r«i<liii{|!i huvo lui'n corroctt'il fur in.«truiiu‘iitiil crn>r,e.\i*«*ptiriK those of tho barometer, thcreconls 
f which have, however, be«*n re<luee<l to F. uiul to standard gravity in Lat.‘ir)“. 

* Tltc readings of tlio inininium thermometer during Mundi should be rejecttnl. On 10 days the max. and mill. 
pni|H?ratnre is smbsl to have been the sumie, and on 4 ilays the min. ten»p. is entensi as having e.\»:cttlcsl tho max. 
emporature. It is probsitde that the wet bulb reiidings for several ywirs past have been too lilgh. 
* Omitting th e year 

Shimoni{^\anga). 4° 38 X, 39® 21 E. Oh^ervern : A, S. EtxjvTi^ Wallace 

Ohsercers : Ai. 0. uirralno, E. 11. L. Murray, and the lilalic. J. J. Anderson, 

late E. 11. Itussell. 


.Atmospheric 

Pn?s>ure 


Humidity, 
•J A.M. 


I Humidity 0 a.m. 


a A.M. 3 i*.M. Dry Wet 


•865 ’Hi;} m 8*J 5 8l-a 

•onoi -si:; 8f4 hu- 3 si-c 

•0U8i *811 81*1 7y5 78-0 

•914 ! *815 7y-n 77-4 76 8 

•957 1 *860 7G-3 74*9 74*4 

0-029! -960 76-ti 75 1 74-5 

•041 1 *970 75*9 7I-H 7F5 

•010* -960 76-5 76-1 7«-0 

0*979; *020 70ii 77*8 77-4 


Harch . i 
April . , 
May . . ; 

June . 

July . . : 

August . ; 
September i 
October . 
November j 
December. 


„ 1899 ! -943 *879 76'6 77*7 77*0 ’'J27 92 ’ 52'6l t»I 4*60 

„ 1898 1 •9011 — 80*7 79-1. 78-6 -974 ' 93 i 27-:J0 ' 8.5 2-HO 

„ 1897 i *788 — 81-0 70-1 79-:5 *977 92 ! 56*75 109 4*60 

„ 1896 1 *805; — j 80-1 76*5 75 ‘2 •874; 85 .56-67 111 ’• 6*25 

Mcan,1896>; i i * ' i ' , • i 

_l9qo. . 29*875 ; 79-7 78-2 77*6 *912 ! 91 :46-.56 10 3 ! .5-25 

fihimoni.'~X]l rcatlings have been correote«l for instnimciital error 
(see lleportfor 1898, p. 4>. Tho dry bulb readings are those of tlie 
thermometer attached to a Imroinetor. 

Tlie Imrometer readings have been reduced to 32^ F. and Tait. 46^, 
but not to sea>level. 


In. 

P.e 

. In. 

No. 

In. 

I 1-028 

90 

2*8.5 

8 

1*'.K) 

1 1-087 

94 

•89 

2 

•70 

i 1-078 

94 

3-16 

7 

1*87 

) ■984 

94 

2-98 

9 

1-50 

1 -921 

95 

•21*15 

25 ‘ 

4-92 ! 

1 -H-IH 

95 

4-47 

11 

1-15 

i -863 

93 

5-(Mi 

21 

1-30 

» -853 

97 

2-82 

16 

•50 

) -897 ' 

99 

2-45 

8 

1-45 

1' *938, 

96 

3-69 

8 

•75 

1-003 

91 

K'CG 

1*2 . 

3-00 , 

1 1-010, 

98 

1 3-58 

: 13 

•39 ! 

i -958 

95 

. 59*76 

120 

4-92 

1 '9*27 

92 

■ 5*2'61 

91 

4*(J0 

•974 : 

93 

: 27-.K) 

8.5 

2-HO 

•977 

92 

! 56*75 

1(»9 

4-60 

’ -874 ; 

85 

56-67 

111 • 

6-25 

•912! 

91 

! 46*56 

103 ; 

5-25 ; 


19(8) j 
.January . 
F<4>ruary . 
March 
April 

May . . i 

.luiic . i 
July. . i 
August . I 
Septeinher i 
( Krtober . I 
November ! 
December, j 

Year 19(8) ! 
„ 1899 ; 
„ 1898 
„ 1897 

,, 1890 


79*2 I *995 ! 

80- 7 1-047 
79-6 1*003 

81- 0 1*057 
79-9 1*019 
77-7 0-946 


80-3 I 79-3 1-000 01 

82-8 ' 82-4 1-100 96 

82-4 Hl-7 1*082 

79-9 : 79*0 *991 91 


AomM. -Thc nvlnfali for 1890 is partly 
cstimotcfl. No mitjfall oliservutlons have 
b(;en made since September of that „ 
The rainfall was 41*20 in. In 1896 ; 32*28 
in. in 1897 ; 12-39 in. In 1898; about 14 lu. 
in 1899, and the. mean (1^96-1900) 28 In. 

The heaviest fall (8*26 In.) oocurrad m 
April 1897. 



ON THE CLIMATOLOGY OF AFRICA, 


391 


Tahanmu, Lot. 3® 41' A’., 
Long. 39® 52' K Ob- 
C. F. Bragama 
and G. H. L. Murray. 


Kiiinuiyu. Lat. 0® 22' A,Loni7.43® 337^. I 
Observers : B. G. Farrant^ Wallace | 
Blake^ andjtl. W. H umphrey. | 

111 i II I 

Months i ^ P 


Nairobi. Lat. 1®2'A%36®67' j 
A', 6,450 ft. Observers : 
W. D. Spiers, F. GilkU 
.wn, Louis S... [Illegible]. 


Month 


a 

< 

. 

c3 

Q 

1*2:; 
ei , 

1900 


In. 

No. 

, In. 

|nnnnry . 


0*71 

2 

0-47 

I’ebruary 


1-83 

5 

0-43 

Maroli . 


6-23 

4 

4-IG 

April 


:i-G5 

7 

2-45 

May 


26- IS 

22 

5-43 

Juno 


2-tf5 

9 

0-68 

July 


3*79 

22 

0-48 

Aupast . 


1-12 

18 

0*27 

September 

• 

2-30 

14 

Of.O ; 

Octolier . 

. 

6*40 : 

13 

27-2 1 

^’^wpmbe^ 


3-72 ; 

10 

0-79 ! 

Dwember 


111 1 

i 

G 

0-10 

1900 


58*09 

124 

6*43 

1K99 


33*15 

116 

2‘(J8 

l«5t8 


24-00 , 

71 

1-75 

1897 


54-40 

104 

5*13 

1896 


47*80 ' 

79 

3-27 ' 

1895 


35*71 

68 

3;30 

Mean, 1890-1000 

43*40 1 

99 

3*51 1 

— 




' 

i 


0 A.M. ; 9 A.M. I g 


looo" 

In. 

o 

1 In. 

No. 

’ In. 

January . 

29*920 

fCl-S 

1 — 

— 

— 

February . 

•876 

83-5 

' — 

— 

— 

March . 

•992 

84-9 

j 0*48 

1 

0-48 

April 

30-338 

85G 

1 -03 

J 

■03 

May 

•135 

84*1 

* 3-67 

G 

1-S3 

June 

29-957 

80*1 

{ 3*17 

8 

1-50 

July 

•914 

VMi 

i 1-Kl 

8 

(Nil 

August . ' 

•959 

79*4 

1 0-10 

2 

0-08 

September 

•997 

8JJ-0 

! •*J4 

1 1 

1 -04 

October . ■ 

•936 

80*1 

i *00 

, 0 1 

— 

November. ! 

•810 

82-7 

> 1-75 

4 

MO 

December. ' 

•808 ! 

81-8 

: 1-82 

0 i 

0*92 

Year llKHi " 

29-972 i 

82*0 

, 12-87 

31 

1*83 

„ 1S99 ; 

•925 

81*1 

12*40 

37 

4*12 

„ 1898 1 

29-885 j 

80-8 

• 10-91 

30 i 

3*44 

The readinga hare been correctctl for instru- 


j 1899 
I OptolifT , 

; November 
i December 
19iH> 
.August . 
Septernlier 
I (.»ctot)cr . 

I N(»vemher 
! December 


J e 

r 

i & i83" 

In. jNo.l ill. 
4*»)3 5 i 3MG ' 

2-30 i 10 ! 0-76 j 
2*34 : 4 i 1-56 I 

0'(X) i (I ! — 
017 : 1 0'17 

0-47 18 1 -18 
6-48 15 *79 I 

5-2G 13 1-79 


mental ern>r. , . , , 

The barometrical resnlinps have Ivdi rtsluccd , 
to stamlard ti‘niiM.*raturc of 32'' ami standard : 


lo siamiaru ieiii|K-'iui,uiv 

pravity In lat. 45 \ but not to sea-lev«'l 


! Aitui. Lot. i® 50' S., Long. 3$°B. Ob- 
server : 8. L. Hinde. 

j j Tomi^eratnre i Tuiin 


Malindi. iMt. 3® 13' 8, Long. 40® 7' E. 
Observer : James UVar^r. 


Humidity, a A.M.J 


Dry : Wet 


' Dew I c 5 
I’oint 

I 


1900 

0 

o 

0 

In. 

r.c. 

anuary . 

84-4 

78*3 

76*1 

•899 

82 

4)rnary . . 

85-2 

80*6 

79*1 

•!t92 

86 

a»h . . 

85*5 

80*3 

78'G 

•975 

84 

t * • 

84-7 

80-3 

78-8 

•087 

86 


82-4 

79-2 

78-1 

•9G0 

90 

!l® • • 

79*7 

76*5 

73*4 

•870 

90 

' y • • 

78-4 

74-4 

72*8 

•805 

87 

iftnst . 

79-3 

74-7 

72*9 

■HtJ8 

86 

ptciuber . 

79-7 

76-2 

73-9 

•831 

89 

tober . 

80-9 

75-9 

74-0 

•838 

85 

‘voniber 

80*3 

77*4 ' 

7G*3 

‘906 

i 91 

’cemlx'r 

81-6 

77*7 ; 

1 7G-4 

•907 

; 88 

Year 1900 

81-8 

77*6 1 

1 7^-0 

‘89S 

' 87 

i> 1899 

81*4 

75*9 ; 

; n-8 

•833 

: 78 

» 1898 
» 1897 i 

81-7 

77*1 i 

75-4 

•882 

! 81 

1896 

81-1 

78*0 

! 76*9 

•929 

87 

5a>i 1896-19001 

i 81*6 

77-1 “i 

76^ 

•885 

83 

■" ' 

— 

! 

1 




S r w — 

a 

< ! a 

No.’ In. 

0- 87 1 6 ‘ 0-35 

•33 ' 2 . -IH 

•5ti ; 4 , *30 

1- 98 : 6 I -51 

nm ; 14 : 5-25 

1- 84 1 4 ■ 0-73 

2- 77 ; 6 ; *66 

1*72 1 5 ! -oS 

1- 48 i 5 j -67 

2- 3U I 7 i 'GU 

3- 68 j 8 1-32 

2-47 7 i 1-43 


;37-05 ! 74 i 5-25 
3838 .102 ' 6-30 
14-44 i 53 { l-«5 

58-tK»‘ : 91 4-85 

63-60 ' 89 : l-3U 

39-29 I 82 j 4-28 


; Month 

1 

Meaji , 
Max. 

; Kx- 1 ^ ■ 
„ tremes ' e j 

Mean ; - o 

Min. ^ 5 

' J ■ 5 ' 

: s 

1 b ^ 

0 ■ •? 

; g 

1900 

0 

0 0 0 1 

No.. In. 

July . . 

: 71*3 

57*1 , 77 52 1 0*23 

5 ’ 0*12 

Septcmlier 

76-7 

Gtl’O 80 58 i 0*18 

1 ; 0-18 

, Oi*tol)er . 

74-6 

62*3 78 0i» 13*81 

7 i 4*40 

November. 

80*5 

62*0 — 60 12*58 

12 ' 2-80 

December. 

75*6 

63*3 78 61 14*55 

14 j 3*20 

. - 


. ■■ -- ■ ■ 




i Foi't Smith, Aikuyu. Lat. 1® 14' N., 
i jA)ng. 30® 44' E. Alt. 6,400 feet. Oh- 
! server : Francis G. IJall. 

: Tern?. ; >• ’ Ruto 


WctDry‘||i||; 

, 0 I o i o I In. 

59- 9 G5-5 163-2 -576 
61-0 68*0 ■‘66-4 ;-624 
00*1 6G-5 |63-« -590 
62*0 G6-0 'GS-S ,-590 

60- 0 G2-8 i61-8 ;-551 
65*3 67-6 166-6 *457 
54-0 6S-G |66*2 -452 
54 G 57-3 155-9 -4GG 
66-8 GO-4 154-8 ‘429 


! 1899 

.Taimary . 
i Fcbniary. 
March 
April . 
. May . . 

June. 

.Inly . 

' Anpust . 
, Septcml)cr 



‘ Partly estimated. 


I _ ' I. ' 

i Durinp a thnnder and iiail storm at 3.20p.m.ou 
May 18 the thermometer dropped 13 degrees in half 
! an hour. 



392 


REPORT — 1901 


Maehalto\ Iau. Lontj, a?® 18' E., 6,400/ft^ Ohsorrer : W. Maelellmi Wilson, 

Is 


Mouth 


im 
lanuiiry 
Pebruaiy 
March 
\pril 
May . 
June. 

July . 

August 

September 

October . 

November 

Deceml)er 


■? » 


Temperatui-c 


Humidity 9 a.m. 

1 0) ! ai i!- 

1 

a 

lain 


Cloud 

Is 

U 

fc-* 

C e» 

9 

Mean 

Mean 

Hxtreuicd 

^.5 

u 

■il 

a 

§ 


- 

1.2 .S 

(0-10) 


< 

A.M. 

; Max. 

Mill. 

Max. 

3(in. 


n 

HI 


Q 

11-2 

r 

9 A.M. 


~Iu. 

24*74 

(k?! 

! 73°7 

0 

M'\ 

79-2 

54‘'7 


In. 

■493 

ibr- 

i 1 

«‘1'7 

No. 

17 

! In. 
2-18 

2-5 

1-7 ! 

•74 

67-9 

; 73-1 

57-9 

78-7 

52-5 

58-3 

•487 

71 

8-10 

IS 

ll-74 

S-O 


•74 

66-6 

75-1 

59'0 

78 6 

54-0 

00- 1 

•521 

; 80 

10-15 

21 

.2-41 

7-5 


•74 

65-8 

‘ 71-0 

59-2 

78-3 

50-1 

5S-7 

•497 

79 

5 13 

10 

:i-93 

6-8 

, 11 

•85 

63-9 

: 73 0 

56*9 

75-8 

48-0 

57-9 

•481 

: 8l 

5-89 

; 13 

1-60 

1 G-9 

1 ?'? 

•86 

til'8 

71H) 

54-8 

7i»-0 

43-5 

56-2 

•5.5-2 

HO 

; 0-07 

2 

o-OO 

i 7-8 

! 1-1 

•8G 

59-li 

08-1 

52-7 

72-0 

47-9 

63-6 

-41-2 

. 80 

; 0-35 

1 7 

0*09 

; 8-4 

* 

•81 

eo-6 

. 70-7 

; 53-1 

70 8 

42-9 

; 63-7 

; -413 

79 

0-08 


0’02 

, 7-0 

i 

•80 

62-3 

74-3 

51-5 

78-3 

18-0 

' 63-8 

•415 

' 73 

! '(HI 

! 0 

— 

7-3 

1 1-2 

•75 

65-6 

' 77-2 

57-3 

8-2-7 

5:;t» 

; 55-2 

•437 

. *1 

■ :V40 

i 8 

1-53 

= 4-9 

i 

•71 

66-3 

72 S 

. 58-1 

TO-8 

53-2 

■ 58-8 

•190 

i 78 

. 8-64 

! 21 

l-oi 

0-5 

■ 1-6 

•70 

05-4 

; 71-1 

> 58-7 

74-0 

50-4 

. 59-0 

-.'lOl 

i 

, 8-01 

. 28 

0-9.') 

i ■ • 

0-0 

1 1'6 

24-775 

0 1-:‘. 

7:i-o 

5G-7 

82-7 

1-2-9 

i 66-9 

•47:» 

7r-s 

• 58-:{2 

151 

'2-41 

' 0-5 




« S S • rV 


s siJ > **.-,2 

IcISHstse 


MiicIm Zvm— cont inued. 


Krciiueiiry, Direction sim'I Total Force (U O) of WiniD, at a.m. 


Month, 


1900 
Jaiuxary 
February 
March 
April 
May . 

June . . 

July . 
August . 
September 
October . 
: November 
December 


N. iN.N.i:. N.F.. 

J! ' . ' « ! . 1* 


K.N.I'. 


Year 1900 


i 


F. ‘ K.S.K. j S.E. ; S.S.E. ' S. ; S.S.W. S.W. WAW*, 'V. W.N.W. N.W. N.N.W. t' 

..jS i'r. -• o-'l ='fcldili 

i« £ ;l y-i£ I I « £,='• ■ £ : 


1 4 S 
I I S 


4 

11 1 


d~ I"! 

j-j - - 1 1, 

I &, 2 H 2 G 
2; 7: ti 19 2 4 


G 12 
5' 7 
'S< 6 

iii? 

4' U' 

6:14 
6 *) 
r. 12 
6 10 
i; u 

',i\ 3 C 




7 I 2' 1 

5 


-- 1 1 1 

1 I 

7 2 5 I I 1 

1 3 4 


i; i; G 9 4 

_ • — 4 6 ;{ 

2 2 7 10 :\ 

4. 5 K 12 .-) 

2 2 9 10 1 

4 0 3 I 2 - -4 H13 

5 14 4 S 1 4. 1 r — I 3 1 2 

4 K 7 14 11 1 1 1 ■ 

H 12 4 10 1 5 . 

4 4 4; H 1 4 2 3 - , - 

2 3 6 11 I 8 — 

1 2. 2 3 1 2 1, 2 j - 

cjie' 13' 30 IS SG ir 2111891 40 59G1 lUti 21 48 9 1«. 3* 31422 5; C 


I I . ; 

1 I ~ - 1 1, 




I 1: 


’*1 


11. - 


{Ktltvyu, ahout Lnt. 1 ° 1 1 ' .S'., 
Z(Mt<7.3G®42' A', CvlOO/^. 


Aatctc^ftcar Menyo {Itugamla). Lot. 0° 20' .V., Long. i>2° lU/ 7^., 4,000 
Ohsorrer: A, M. Alachay, Churvh Miuhtnarg Socidy. 



Iluiijfall. Amount in Inches 


1879 , 18S1 

5-60 ! 3-3fi 
4-Hl 
5-27 : f5*6S 
.VG7 '/3-fir/ 
4-2G 
2-68 

2- C3 

3- 5U 
3(>4 
3-54 

2 3i 


m) 

2-ori 

0- 35 

1- 14 
5-5.? 
3*48 
331 
1-52 


1882 

1883 

1884 1 

1885 1 

1886' 1870', 

1881 

1882 1883} 

1884; 

1-.58 

4.50 

0-.52 

1-19! 

2-05! 

11 

6 

G 

8 

6 ! 

4-90 

2-r.o 

3-:jo 

,V04 

:i-K3 

12 

9 

12 

8 i 

6 1 

2-11 

2-93 

3-02 

C-B.2 

3-85 i 

11 

15 

9 

8 

6 

S-ll 

7-r« 

4-30 

5-73 

S-Ot/'; 

13 

12 

0 

6 

4 

3-K7 

4-32 ; 

2-45 

6- 17 

8-09; 

15 

11 

9 ! 

9 

3 

1-88 

•i’9-J 

3-92 * 

5-10 

2-51 

3 

8 

^ i 

0 1 

9 

2-8H 

; S'-iO ' 

3-58 

5-21 

— 

1 

5 

R 1 

10 

5 

3-10 

\ 4*75 j 

1-40 

3-46 

— 

9 

K 

4 ! 

9 

6 

4-67 

; 2-78 ! 

4-30 

307 


13 


8 

10 

10 

T-fiO' 

' 2-27 1 

9SH\ 

5-32 

— 

11 1 

11 

12 

H 

9 

2-81 

i 3-93 ; 

4-34 

4-28 

_ 

11 j 

12 

9 

12 

11 

1-UI 

1 0-80| 

0-29 

2-04 

— 

0 : 

5 

5 

5 

2 

U-91 

|44^; 

40-66 

52-59 


114 

lU9 

07 

92 

tT 


Iluilifull. Xo. of Days 


Mean 

Max. 

Tern. 

Pit 
87-2 
86-0 
87-6 
81 •! 
m 

78- 2 

79- C 
82-1 


83-1 


The observations up to June 
I were made at tlie Station of tlie 
I East African Soottiah Mission 
(hy Rev. T. Watson): the re- 
I xnalnder at Fort Smitli, 2) miles 


Dr. Junker. The temperatures are the menus oi ooservauuiw ^ ^ 

Quel June 1886. They liave been corrcctiia for ^vas renv 

; appear to be still verj- ranch tm high. In }rom”l5?Si October 1 

. the north side of the house, and the mean remo^ 

,! in November 1885. The menn for tlic months to Juuo,^«e in^ ^ ^ 

- — l'«...Ro nf»or fhP removal only 83-0®. AcconUng to^bMrvatlons ii^ 
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Victoria Nyanza Lalts T^evelt and Rainfall^ in Decadcf. 

Obiter rcn: F, Pordnge^ F, A, Knowles^ H, Galt^ S. Spires W. It. WaHter^ 
i and others. 


Ntelje. Rain, 191 


•s 

Xtebe, 

1890 

Lake 

Level 

Fort 

Thruston, 

1899 

Lake 

l^evel 

1 

Ntdio (P. Alii'el, 19IX) ! 

{ Uaiiifall 

Lake j 

Level i' ^ , . 

jA„,t.lDay,"-r 

( 

Fort ' 
Tlinihton 
(Lnbwas) , 
l.aku 
I.ifv.4, 
1900 

. 

Kisnmu, 
on Kavi- 
rondo or 
Ngowe 
Buy. Lake 
Level, 
1900 



In. 

In. 

In. 

, In. 


No. 

III. 

In. 

T. 

+ ,T00 

-0*76 

-6*08 

1*14 

\ 

0-7.> 


- 5*.ia 

11. 

2*62 

-1*0.1 

-6*38 

1*12 

4 

0*62 

— 

- 5*85 

HI. 

£*«7 

-1*31 

-6*12 

0*00 


— 


- 6*15 

I. 

.1*67 

-•281 

-5*88 

1*37 

6 

0*63 

— 

- 7*80 

11. 

,117 

' -2*56 

-.5-38 

2*63 


2*.5o 


- K*2() 

HI. 

2*66 

-1*85 

-5*03 

023 

.1 

0*07 


- 4*67 

1. 

3*01 

-2*36 

-5-33 

0*02 

1 

0*02 


- 7*80 

n. 

2*72 

-2*98 

-.5*03 

2*77 

.5 

1*16 


- 8 20 

111. 

2*47 

-3.5.5 

-4*53 

3*31 

8 

1*39 


- 4*67 

1. 

1*72 

-:i*7.1 

-.5.53 

1*81 

.5 

0*.‘<.5 


- 5*10 

11. 

1*82 

-3*68 

-5*63 

6*87 

8 

1 *96 

— 

- 5*60 

III. 

8*97 

-218 

-5*63 

4*86 

7 

1*50 


- 3*90 

I. 

3*61 

-2*48 

-4 *23 

1*01 


0*91 

— 

+ 0*75 

H. 

4*51 

: -Kl*32 

—5*03 

0*47 

4 

0*27 

— i 

- 2*515 

111. 

4*22 

' -1-3*22 

-4*58 

1*22 

6 

0*62 


- 2*94 

I. 

4*89 

+ 2*17 

-4**28 

4*09 

4 

2’.S2 

-19*18 

- 2*5(! 

n. 

4*42 

i -U-J8 

-.1*63 

1*69 

6 

0*80 

-18*98 

- 1*50 

HI. 

4*6.5 

-1*13 

-.1*13 

0*03 

2 

0*02 

-18*53 

— ,1-75 

I, 

4*97 

, -:i*ii8 

-3*03 

0*(h) 

— 

— 

-18*8.1 

- .5*00 

ii! 

4*9.5 

, -2*73 

-2*53 

0 15 

3 

0*08 

-18*88 : 

- 6*90 

III. 

3*61 

-2*93 

-2*1.5 

0**28 

1 

0*28 

• -ls*.so . 

— 7*76 

f. 

2*17 

-8*23 

-2*78 

l*IK» 

4 

o*:;5 

-18*78 ' 

- 6*97 

II. 

; -1-0*32 

-12*18 

-3*23 

1*26 

1 

1*25 

-18*73 

- 7*90 

HI. 

1 -2*30 

; -1:5*I9 

-4*12 

0*65 

1 

0*6.5 

-19*08 : 

-12.57 

r, I. 

-51*55 

- 16*38 

-.5*.s3 

0*22 

1 

o**,>2 

1 -20*43 , 

-10*10 

11. 

! -4*68 

- 17*08 

-7*,t3 

3*10 

4 

1*26 

i -21*11 

-10*65 

HI. 

-6-S.H 

—18*98 

-10*23 

0*11 

4 

0*04 

i -*2143 I 

- 6*30 

1. 

-6*33 

-19*93 

-i:5*:i3 

■ 0*1.5 

4 

0*05 

• -2.5*28 

— 15*05 

TI. 

-7*13 

-•Jl-78 

-1.5*93 

0*35 

3 

0*‘27 

, -*26*78 ; 

-ls*20 

HI. 

-7*76 

-22*13 

-17**Jl 

1*03 

4 

0*-8 

' -29*21 

-16*75 

r, I. 

-8:io 


-18*08 

1*51 

6 

116 

: -.10*18 ! 

-17*60 

n. 

-K-8.S 


1 -18*73 

1-J9 

.1 

0*76 

1 ~::o*i3 ; 

-16*15 

HI. 

-9*73 


1 -19*.5:; 

’ 54*17 

8 

1*36 

1 — 30'65» 

- 16*90 

r, T. 

-9*53 

— 

1 -18*98 

4*24 

4 , 

1*61 

1 - *28* J1 , 

-1.5*97 

11. 

-8*93 



1 -18*08 

4*. 18 


•2*10 

• -*27*1:8 

-14*60 

111. 

-6*18 


1 -16*63 

1 

3*89 

I i 


j - *23*0.1 • 

-11*48 


! Jan. : 2-26 
: Keb. i 4-2:i 
ilar. . 6'ia 
, Apr. ’ 13-54 


2- 26 ' 8 i 0-7 j 

4-23 ; 12 I 2 -6( 

6 'ia . 14 i l-3t 

3- 54 i 20 : I'W 

2-70 i 13 : 0*9; 
6-81 ; 12 i 2*8; 

0-43 I 4 i 0*2( 


Anff. 2’W) 
Sept.' .T43 


Oct. 1-53 
Xi»v. 5-99 
Dec. : 12-51 


1- 53 11 i 0*7! 

5-99 i 16 i 1*31 

2- 51 1 13 I 2*1< 


Marih, 1. 3-01 = -2-36 t 0-(i2 1 0-02 -- - rKO , ^ ear 61 4.4 . 138 -8. 

„ n, ‘J-72 ■ -2-yS i -.VU3 2-77 .5 , MO - 8 20 ■ I I 

A, m. 2-47 -3-5.^ 1 -4-53 .T:il s i 1-.T.> - 4-67 - 

\,„i] 1. 17S -3-73 ■ -r.-.'is 1-81 . n I 08.5 -- 5-10 j There can be no doob 

’ 11. 1*82 -3-(iH ' -5-63 6*87 8 • l-9»» — - 5-50 i that the lake level is pri 

111] ;4-97 -2-18 ; -5-53 4*86 i 7 1-50 - - 3-90 i luarUv iDflueuc»Mi by thi 

MaV, I. 3-61 . -2-48 ' -4 ’£3 l*ol ' 3 0-93 — + <'-75 ; rainfalL At Xtebe tin 

H. ■ 4-51 : +(l-32 ! -5*03 0-|7 I 0-27 — i - 2-35 , level rase in the coursi 

HI. 4*22 ' +3*22 ! -4-5.S 1-22 ' G 0-62 — * : - 2-9* of i89S (which was i 

.liiuo, I. 4-89 +2-17 -4-28 4-(-9 4 2’82 -19*18 - 2*50 ; year cf abundant rains) 

., n. 4-42 i --U-J8 I —.3-6:5 1-69 6 5**.so —18*98 - 1*50 but in the course of 189! 

„ HI. 4-15.5 -l*i:4 -.1*13 0*03 2 0*02 -18*53 - .S-75 it fell slightly below th« 

.Iiilv, I. 4-97 , -:5-(i8 -3*03 0-ih) — — -18*8.1 -.5*00 ; level of 1896, and in 190( 

II. 4*9.5 , -2*73 -2*53 0 15 I 3 JHW -18*88 ! - 6*90 | it fell a further 7*6: 

„ HI. ; 3-(51 -2*93 ' -2*1.5 0**28 ' 1 0*28 -l8*.so - 7*76 ; incbeg. As that yea: 

August, f. 2*17 -8*23 -2*78 1*<K» \ 4 o*:;5 -18*78 - 6*97 ! (i goo) was one of fairly 

II. ; +0*32 -12*18 -3*23 1*2.5 ■ I 1*23 -18*73 - 7*90 | abuiidaut rains along tlw 

IH. I -2*30 ; -1:5*I9 -4*12 0*65 i 1 0-6.5 -19*08 : -12.57 | Buganda shore (01 inclic 

Svpumber, 1. -!l*5.5 -16*38 -5*.s3 0*22 1 o**.>2 • -20*43 , -10*10 ; Ntebe) we an 

II. I -4*»)8 -17*08 -7*.t3 3*10 ; 1 1*26 i -21*151 -10*65 i inmnd to assume that i 

, M HI. -6*58 —18-98 -10*23 0*11 ' 4 o*o4 j -*23 451 . - 6*30 ! is nut local rains whlcl 

^’vti.bcr, 1. -6*33 -19*93 -i:5*513 ’ 0*1.5 4 »)*o.5 • -2.5*2« -1.5*05 j appreciably affect tin 

„ H. -7*13 -*.’1*78 -1.5*93 0-35 3 0**27 , -*26*78 ; -16*20 j level of the lake, but th 

„ HI. -7*76 -22*13 -17**Jl I*o3 ; 4 0*‘8 ' -29*21 -16*75 '■ j,rct*ipitationtbronghou 

-Novviuher, i. -8-3o ~18*08 1*5.1 ! 5 M5 j -.lo*ls i -17*60 j vast drainage area 

., n. -8*88 - 1-18*73 1-J9 .1 0*76 | ~53»*13 -16*15 j Thus an abundant rain 

HI. -9*7.1 - — 19-.53 ’51*17 5 8 V'M I -30*63 - 16*90 : fall along the Bngandi 

Hwi'inbir, T. -9*53 — | -18*98 .4*21 ! 4 . 1*61 • -•28*154 , -1.5*97 ' jjbiire would be neutral 

„ H. -8-93 — I -18*08 4-.1.8 I .5 ‘J-Hi -‘JT-r.S -U*60 bv a deficiency ii 

M 111. -6*48 -16*63 3*,S9 I , 1*67 ; -*23*03 • -11*48 the rainfall in the south 

_ I ' _ ' - - hegiiining u 

- _ . - the present ywir (1901 

the lake has risen rapi<n.v, and by .lune 1 its level .stood 24 iiiolies alwvc the mean level of 1896. The relations betweei 
loenl rainfall and lake level aro illuslrateil bv the bdUm ing facts ; — , 

At Nteb<‘, between March 20-21, 1900, 3*7 inclies of min fell, and in the course of April 13*54 inches, yet the le^ei oi in 
lake remuinwi UMaffecte<i, the lieavy local rnin.i l>eing bnlaneetl by the outllowniid the loss by evaporation, or uenci .. 
.'fxaiu elsewhere. Yet in the course of Mnv the lake rose slowl.v, but steadily, although very little 
kJcally. Again, between Tleccmbcr 3-5 4*21 inches of rain fell, while the lake only mso half an inch, j,, 

onfeeptomU'r 12 1*25 inches of rain fell, yet the lake level actually fell half an inch. The other 

a he vinds exercise a doeideil intlnenec upon the level of the lake. There are regular land and laae ow ^ 

Mr. MacalUstcr remarks that a strong S.W. bitere will cause a rise in the level of the lake 
J to 3 inches. At Fort Thmston, on November 13, a severe storm caused the lake to rise 3 inches. The influe 
A'uul could be eliminated by making at least three observations daily, and wliieli would Ih' prefenible, by cstablis £ 
peif^gig^iug gauge. Further fluctuations of tlic lake may be priMlncwl by diffen-nces of baromotnc press^t. 

17.^. 1® '^l^c^ence between the highest and lowest level at Ntebe iimounteij to 19*0 inches in 18%, 16*6 *.•? J*®*, \au\ 
e.xtrenie range, ns far ns our observations extend, has l>cen 43*5 inches ; but ^ V j 

fchmn^ect^^ extent of 8 feet, as iwscricd by the French misssiouuries in lUiganda, its amoiui caimo 

2^tobe and Fort Thrnston (Lnbwn’s) are referred to the moan lake level at ** 

'V. Fowler, SuperinU-iulcnt of Marine,elaim8 to have adjnstwi a l gauges bj I ortVktona^ne 

ns spirit leveillng. On comparing the observations made between Octol)orlM8 and y . ^ 

Wpf V®? Thruston feU short of it to the exU'iit of 1*«9 inches. 

I to see how they can have been asccrtainoil. Fmm all 
Aivpiw jiftvebeen deduotinl in onler to reduce them approximately to the mean lake level of I89b. lu the case of 
•Awever, only 80*8 inches Imvo iicen deducted. 
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REPORT— 1901 


Victoria Xyanza LaJte LcceU and ItaiitfalU in Jkeades—ciont 


In onlcr to Huoiiljito tlip interoytiiij? problems contioctoil with tlie pliysical peopniphy of tho Victoria Nyuir/a, 
wouM bf nwpssiiry to instal niin-gauKes throughout its «lnuiui(;o Imsiii, nml tt> esbibllsh at least four ffauKi*** ' 
mmsuriiiK tho lovol of tho lake, niul to oonmvt these kouki's by lines of spirit l«‘vel ; a eonsnnmiutlon most 
to be wishc«l, thouj^h not likely to be reiiliseil for a consiiierable time to come, Tho observations should, us a mall 
of course, embrace all utmospheriu phenomeua, and more especially atmospheric pn'ssua\ 


Victoria Niian:a.-—La1ie Levels and Itainfall, Monthly Means. 





1 Port Victoria (January to Jn!v 1899 ), 


Mebc iP. Alice) 

Fort Tljruston ( I.ubwa*s ) ■ Kistimn, on Kavirondo or Ngowe IJay 




, 1 Scptctnbcr 1899 to December 1900) 

Month 


j Extremes 

• Extremt-s ’ 

• 1 

Extremes 


Haiii 



Mean 

Level 

— -- — 

1 

Mciui j Mean 

Ja-vcI i J Level 

“ ■ 





Hi 



Highest Lowest 

' Highest Lowest j 

: i 

Highest Lowest 

• 

Amt. i Days, 

‘ 

Cl 

F{ 

1899 

In. 

In. In. 

In. In. 111. i In. 

In. 

In. 

111. 

No. 

li 

J.anuarv 

+ 2*76 

+ 3-97 + 2-47 

- 1-04 + 0-97 - 1-53 j + 0-73 

+ 2*l7 

- 1*03 


;i 


Fobniary . 

+ 3-20 

+ GM7 + 1-47 

- 2*42 1 - 0*53 - 3-53 1 - 0 G3 

+ 0*97 

- 2*53 

- 

9 


1 Mateli . 

+ 2-64 

+ 3-97 , + 0*72 

- 2-95 - 1-53 - 4*03 ; - 1-79 

+ 0-97 

- 3*5;{ 

11)3 

8 

0- 

April , . 

+ 2-50 

+ 5*47 + 0-97 

- 3-30 . + 0-47 - 4-03 | + 1-8G 

+ M7 

- 51)3 

3-38 

18 

0 

* May . 

+ 4*14 

+ i}-i7 + 2-97 

+ 0-10 . + 4-72 - 3-03 1 + 2-21 

+ G-47 

- 2-63 

4*86 

10 

1- 

: June . 

+ 4'U 

+ 5-97 + 3*47 

+ 0-78 ; + 3*47 - 2-53 + 2-.W 

+ 5*47 

- 0-53 

2*55 

10 

0- 

July . 

+ .3‘83 

+ 5*97 + 1'47 

- 2*92 - 1-53 - S-ft.S , - 3-9G 

+ 0*47 

- 8-53 

0*10 

4 

0* 

August 

- 0’02 

+ 2*97 . - 3*03 

-Il-IG - 3*03 -14-53 — 






, SeptenibCT . 

. - 4-94 

- 3-03 - 8*0:J 

-lG-48 -15-53 -19-53 • - 3-12 

1- 3*20 

- 7*.30 

2-68 

13 

0* 

! October 

- 7‘09 

- 6*03 - «‘0:} 

-21*42 -19-53 -23 53 ' - 7 20 

- 4-30 

—10-30 

2*91 

12 

1* 

Xovendwr . 

- B'UH 

, - 8*03 ■ -10-03 

— 1 — — , - K-13 

- 4*30 

-11-30 

4*64 

n 

1* 

December . 

- 8Cl 

- 7*03 - 9*63 

- 1 - . - - 0^17 

i 

+ 2*20 

-11-80 
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1899. — At ytfha the lake attained its lii^hci^t level on Juno K. It gtocwl lowest from November 25-28. T 
j difference between the highest and lowest levels amounted to 1(1 inches. 

1900. — At tho lake rewhed its Idjfhest level on July 21 and maintained it np to July 28. It stood nt 

lowest from Noveniber 21 t/> Uwi'udKT 2. The difference Ijetween the highest nmla lowest levels ainouiitwl 
17'5 Irichca. During the whole of April the lake btcoiiily maintained its level of 6*63 Inches below the le’ 
of 1808. 

At Fort Thrunton the lake level was lowest on Noveiiils?r 12, and highest on Juno 22, the differenoe nniouiiti 
to U inchetf. At Kitumn it was Uiwest on Xovemljcr 3, highest on May in, tiic range having l»«cn 27 inches, 
amount accounted for hy the po^dtion of tlie gauge in shallow water at the hottoni of a bay and high wiinU 

1901. -At ytebe the lake tin June 1 stoml 2S’4:i inches above the level of 1896 ; at KUumn on May 7 It stoofl oj 

16’i6 inches above that level, os assumed by us ; and on June 28 14‘0 inches. . 

The bench mark cut on the Camp Tree at tlie head of I’ort Florence in 1898 by ComnuiuderB. WhitchousO, !»'•> 
is 10 feet 11 inches above the zero on the Lake Gauge. 



Diaf^rtini iliustratiiiK the Fluotaations in the Level of tlio Vietorla Xyauza, 
at. Ntebe, in coniimred with the Kixiufall. 



Diagram illustrating tlfe Fluetimtions in the Level of tlie Viettiria Nyanza, 
at Ntebe, in lyuo, compareil with tlie Kainfalh 



JCnntum in Ih'ftort/or 1897. 

P. 0, second column, line 7 from bottom : instt^td of 8* l in. ttynf 9*1 in. 
Errata in Report far 1900. 

P. 2, second column, lino 18 : iHftmd of 29*756 retui 29-8:i9. 

P. 6, tirat column, lino 16 : in$h‘nd of 1898 read 189ft. 
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Ttie Snri'cii of Drithh rrofcctorufes, — liepori of ihe Committee^ con* 
iiistiinf of Sir T. H. Holdich (Chah'man)^ Col. G. E. Church, 
Mr. E.'G. Ravenstein, and H. N. Dicksox {Sen*ela)'y\ 

appointed to draio up a Scheme for ihe Survey of Britisk 

Protectorates. 

Your Cominittee are of opinion that a representation should be submitted 
to His Majesty’s Governuient in support of an organised scheme for sur- 
'\ eying British Protectorates in Africa, and that it would be advantageous 
to secure the co-operation of tlie Royal Geographical Society, and of olber 
bodies unconnected with Government who may be specially interested in 
the matter, in bringing forward their proposals. At present, various sur- 
veys have been commenced in dilferent parts of Africa under local 
administrations, which are unconnected vrith each other and have appa- 
rently no common basis of technical system or scale, from which it will be 
dithcult eventually to compile a satisfactory and homogeneous first map 
of our African possessions. A large amount of geographical work, 
-carried on more or less under tlie auspices of the Royal Geographical 
Society, is gradually accumulating, all of which might be usefully turned 
to account in a general survey scheme, if uniformity of method and scale 
were adopted. A comprehensive scheme of geographical survey (apart 
from special surveys for local requirements), to be carried out jointly with 
other nationalities in the continent of Africa, will undoubtedly prove a 
necessity in the near future for purposes of boundary demarcation and 
administration ; but such a scheme must emanate from those responsible 
advisers of Government who are best acquainted with the opportunities 
for combined action and the means for carrying it out. 

But, pending the adoption of such a scheme, and with due apprecia- 
tion of the value of the disjointed efforts which arc now being made to 
secure partial surveys for administrative purposes in various parts of the 
country, your Committee are of opinhin that the following considerations, 
none of which involve immediate financial outlay, should be especially 
brought to the notice of His Majesty’s Government ; inasmuch as 
immediate attention to them would undoubtedly tend to hasten the 
jittainment of the end primarily in view — viz., the construction of a 
homogeneous and consistbnt geographical map of that part of Africa 
which affects Imperial interests. 

(1) The advantage of a common scale should be impressed on local 
administrations who have already commenced surveys within the pro- 
tectorates under their administration, and every effort should be made in 
the first instance to secure a general map on the smallest geographical 
scale which can be made practically useful for purposes of either adminis- 
tration or strategy. This scale should not be less than one in 
five hundred thousand. 

(2) Inasmuch as all future surveys, on whatsoever scale, must ulti- 
mately depend on the accuracy of the initial base measurements if they 
are to fit together into one homogeneous map, it is most desirable to draw 
the^attention of local administrators to this point ; and, wherever local 
surveys have already been commenced, to test the accuracy of their linear 
measurements by the adoption of a geodetic base. Such a base need not 
be measured by the cumbersome processes which have made the measure- 
ment of geodetic bases so laborious and expensive in the past. New 
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methods and improved means have lately lieen introduced which greatly 
simplify the work, but there is no method which does not require scientific 
direction. It would therefore be advisable that the same instruments, 
under the same personal supervision, should be used in everyvcase. Unity 
of scale 'and of linear measurement is absolutely essential to final com- 
pilation in such vast areas as Africa presents, and much good work now- 
in progress may be rendered valueless for general map-making purposes 
if such unity is not secured ah initio. 

(3) It is the earnest desire of the Iloyal Ueographical Society that 
those travellers and explorers who use their instruments and accept their 
assistance linancially should add t<i the practical outcome of mapping 
material in Africa. For this purpose the Society has established training 
classes in practical geography, and keeps a record of the names of those 
who are qualified to work as geographical surveyors. But in order to 
utilise their work to the fullest extent it is essential that the geographical 
data determined by such professional surveyors as from time to time are 
sent to Africa under the direction of the Intelligence Department should 
become generally available ; and it is therefore most desirable that all 
such material (indispensable for the proper loc«ation of field surveys and 
for check on final positions) as may be collated at the Intelligence Offico 
imiy be placed at the disposal of the Royal Geographical Society. 
Attention should very specially be drawn to the great amount of geo- 
graphical mapping (at present disconnected and wanting in topographical 
detail) which is annually turned out by irresponsible travellers. The value 
of this might be largely increased if it were based on exact data. 

(4) One of the most important factors in dealing with the vast area. 
of our African possessions in the matter of geographical (or first) surveys 
is the absolute necessity of resorting to native agency for its topography. 
Effective topography can never be secured without the assistance of 
surveyors and draughtsmen specially trained to this particular branch of 
map-making. European agency (except for purposes of supervision) is 
out of the question on account of the expense. Indian native agency is 
equally impossible for more than comparatively restricted areas. The 
vast mass of African mapping must be secured through the agency of 
natives of Africa, just as Asia has largely been mapped by Asiatics. 

There is apparently no reason why natives of Africa, trained in mission 
and other schools, should not be as effective in the field of survey as 
Africans generally have proved in the field of arras. 

It is suggested that in the earlier stages of the formation of such an 
agency scientific societies might be willing to take the initiative. It is 
to the interest of the Iloyal Geographical Society, for instiinco, to secure 
the assistance of native topographers for explorers. What is immediately 
wanted is the initiation of a training school ; and it seems probable that, 
if one or two promising pupils were selected from each protectorate for 
training, an invaluable school \vould in a few years be established, which 
would rapidly extend of itself. The Commissioners and Administrators 
of our African Protectorates might be requested to assist in the experi- 
ment by ascertaining whether volunteers from the native schools can be 
found for the purpose. Every assistance to such a scheme may be 
confidently anticipated from the Indian Government, who have long had 
practical experience of the enormous advantages of native labour in the 
field of surveying. 



KKrOKT — IDOL 


098 


Terrestrial Surf ace — First lieport of the Committee^ consistm/j 

of Dr. J. Scorr Keltik {Chairman)^ Lieut.-Col. liMi.EY,l(tteR.E\ 
Dr. Vaughan Cokmsh, Mr. A. Roope Hunt, FAi.S., Mr. W. H. 
WHEELt:R, MJnst.G.E.^ ami ilr. E. A. FLoyER. {Drawn up &// 
Dr. Vaughan Cormsii.) 

The follo'ving papers, have been published by Dr. Vaughan Cornish since 
the Bradford Meeting, viz. — On the Formation of NV'ave Surfaces in 
Sand, ‘Scottish ( reographical Journal,* January 1901 ; On Sand-waves in 
Tidal Currents, ‘Geographical Journal,* August 1901. 

On December 1, 1900, Dr. Cornish left for Canada to study the surface 
forms of snow, returning to England March IG. During the voyage out, 
Liverpool to Boston, much heavy weather was encountei*ed, and observ'a- 
tions, with some measurements and photogiaphs, were obtained of deep- 
sea storm-waves. On the return voyage. New York to Southampton, 
some good observations vrere obtained of the conditions obtaining in a 
heavy swell. A j^aper on ocean waves, embodying results obtained by 
Dr. Cornish during several years, is in preparation. 

Canada was snow-covered during the whole of the e.xpedition. The 
country was traversed from Montreal to Vancouver and back by the 
Canadian Pacitic Railway. Special facilities were most kindly accorded 
by this railway company in the interest of pure scienc(‘. The principal 
places of observation were Montreal, Winnipeg (Manitoba), and Glacier 
House (British Columbia), which afforded good opportunities for the study 
of the three principal kintls of snow surface which were encountered. 
The observations appear to divide themselves naturally under two heads : 
(1) snow- waves and ripples; (2) snow-drifts and snow -caps ; and the 
results of the expedition are now being worked up under these heads. 

The most striking point with reference to the trains of moving waves 
of cold, dry, drifting snow is that the place most favourable to their 
formation is an extensive level surface free from inequalities or obstruc- 
tions, such as a frozen lake. Here most readily occur tliose local mr- 
charges of snow which originate the long trains of waves. At first these 
travel freely, but their march and growth do not continue so long as is 
the case v/ith the homologous w aves of sand, because the snow readily 
sets into a coherent, though friable, mass. The height of these waves was 
generally not more than six inches. They are flatter than the homologous 
icolian sand- waves, the wave-lengths being often forty or fifty times as 
great as the amplitude. 

Ripples, perfectly homologous with the scolian sand-ripples, are pro- 
duced in the granular snow-stuff formed by erosion of consolidated snow. 
Their wave-lengths are similar to those of the sand-ripples, but their 
amplitude is less. There are also regularly undulating surfaces carved by 
the wind in more coherent snow, particularly when it is well stratified. 
The ridges retreat before the wind, keeping their steeper slope on the 
w'eather side. The material has an internal arrangement not imposed by 
the wave motion, and, so long as it is a part of the waved structure, is itself 
stationary. It is therefore fitting that these surfaces, which are frequent 
and regular, should have a distinguishing name, and it is proposed to call 
them undulates. The ratio of height to length in the undulates is gi*eater 
than in the normal waves and normal ripples. 
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The most interesting drifts were those on the prairies, where the cold 
is great and the snow is dry. The normal snow-drift round a house on 
the open prairie in Manitoba consists mainly of a snow-bank in the form 
of a U) the house being situiited in the bend, near the bottom of the letter, 
with a few yards nearly free from snow between it and the snow-bank. 
Between the two limbs of the U» which are much longer, reaching further 
to leeward, than the shape of the printing type permits to be here indi- 
cated, the ground is kept almost clear of snow by the operation of the 
wind as modified by the presence of the building, and this clearance is 
sometimes noticeable beyond the distance to which the two arms of the 
drift extend as a noticeable snow-bank. Close to the house, centrally 
situated on the lec side, is a relatively small accumulation of snow, which 
is, however, conspicuous from its form and position. Beyond the limbs 
of the U'Shaped snow bank to right and left the depth of the snow on 
the prairie is not notably aflFected by the neighbourhood of the building. 
The height of i.ie U-shaped snow-bank is commonly four to six feet when 
there are three or four inches of snow on the open prairie. 

In the calm upper valleys of the Selkirk Mountains, where the snow- 
fall is very heavy, the flakes usually large, and the temperature during 
precipitation usually near the melting point, the notable forms in which 
the material accumulates are not those of drift but deposition, not snow- 
l)anks but snow-caps. On tree stumps these frequently take the form of 
gigantic mushrooms, nine to twelve feet wide and four to four and a half 
feet thick, which projei^t from three .to four feet all round beyond their 
supporting pedestal. These strange growths arc not unstable, as are the 
small globular masses of snow upon a slender support, but, on the con- 
trary, possess a remarkable degree of permanence. The depth of snow in 
them is sufiicient to express most of the air, and to \veld the lower parts 
into a tenacious mass. • 

Much attention was given to overcoming the difficulties of the real 
photogiaphy of snow, the rendering of the detail of the snow surface, 
instead of photographing objects silhouetted against snow, as is done in 
the ordinary ‘ snow-scene ’ photograph. After some initial failures suc- 
cess was achieved, and a large collection of good quarter- and half-plate 
iiogatives has been brought back w'hich is of very considerable scientific 
value. 

The whole of the grant has been expended, and the Committee apply 
for a grant towards the expenses of continuing the investigations. 


Labour . — First Report of the Committee, consisihig of Mr. 
E. W. Brabrook {Ghahnnan), Mr. A. L. Bowlby {Secretary), Miss 
A. M. Andersox, Mr. C. Booth, Professor S. J. Chapmax, Miss 
C. E. Collet, Professor P. Y. Edgeworth, Professor A. W. Flux, 
Mrs. J. R. MacDonald, Mr. L. L. Price, Professor W. Smart, 
and Mrs. Ht J. Tennant, appointed to investigate the Economic 
Effect of Legislation regulating Women^s Labour. 

The Committee, os appointed at the Bradford meeting, sought the 
^sistance of Mrs. H. J. Tennant, late H. M. Principal Lady Inspector of 
Factories, Miss A, M. Anderson, her successor in office. Miss C. E. Collet, 
of the Board of Trade, and Mr. Charles Booth, to all of whom the 
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members of tliat Committee return their thanks for accepting the invita- 
tion to join them. 

The Committee, ns thus enlarged, resolved that it would adopt the 
classification of industries made by the LaboujLJOommisaion, and woi^ld 
request some of its own members and some other competent observers 
to enter upon a local investigation of the question, as far as practicable, 
ill every locality in which such industries were pursued by women. 

It proceeded to prepare, for the use of the members and others thus 
commissioned by it, the following scheme of investigation : — 

t^chenie of In veai igation for Commiasiom rs* 

Commissioners should be supplied with — ' 

(1) Abstracts of legislation. 

(2) Information already obtained by parliamentary or other inquiries. 

Commissioners should then visit the industry and make themselves 

acquainted with the nature of the work, and especially with any changes 
w'hich have taken place since the legislation for women began. 

Commissioners should observe the following points in their investiga- 
tions : — 

I. The effects of the legislation generally, 

(1) Has it necessitated or induced any alteration of custom, or merely 
enforced wdiat was customary before, -in the case of the 'ivonicn themselves, 
in the industry in question, or in others related thereto ? 

(2) Has it necessitated any alteration in the case of other workers 
(men, young persons, or children) in the industry in question, or in other 
industries related thereto ? 

II. The effects of the legislation specially on the position of women, 
whether {a) prejudicially : — 

(1) Has it lowered the wages of women relatively, either temporarily 
or permanently ? 

(2) Has it caused any displacement of women ? 

(3) Has it initiated any important changes in the use of machinery 
or the division of labour ? 

Or (6) beneficially : — 

(1) Has it increased the efficiency of the women themselves as indus- 
trial agents ; and is this efficiency due to all, or only to some, of the legal 
restrictions % 

(2) Has it increased their economic efficiency as members of society 
{e.g.y with relation to home life, the health of the children, the morality 
of the race), and are these effects duo to all, or only to some, of the 
restrictions ? 

(N.B. — ^The legislation may affect the demand for women’s labour 
(1) directly, in the industry in question by adding to difficulties of 
management, or by diminishing the output of the women themselves, or 
of others engaged in the work ; (2) indirectly, by effects on other 
industries related to the industry in question ; or it may increase tho 
supply of women and their substitution for men by rendering the work 
healthier or easier.) 
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' Commissioners should endeavour to discriminate between changes 
affecting the emplovment of women which are due to. the legislation and 
those which result from other causes. 

The Committee awaits the reports of the several Commissioners, and 
would be glad to receive offers of assistance from any other persons who 
are able to. procure and^furnish the information sought with respect to any 
particular field in wliich women’s labour has been regulated by legislation. 

The Committee^ begs to thank the Secretary of State for the Home 
'Department for having given permission to the Inspectors of Factories to 
''furnish the information required with respect to their several districts. 

Thij^. Committee received an ofter of information from the Freedom of 
LabourDefence, of which it would be glad to avail itself. 

As the reference to the Committee is general in its terms, and includes 
the, economic effect of legislation in every country regulating women’s 
labour, the Cofnbiittee a&ressed the following circular to the heads of 
the statistical bureaux of various countries and to other persons of 
authority, not only in Europe, but also in the United States and the 
British Colonies. 

Circnlttr io Foreign and Colonud Authorities, 

‘ The above-named Committee, having been appointed by the British 
Association td'enquire into the economic effect of legislation regulating 
Wamcn’s Labour, are desirous of obtaining information relating to that 
subject in industrial centres outside of the United Kingdom, and have 
directed us to ask the favour of your assistance. 

‘ They will be greatly obliged to you for any information you are able 
to furnish them in answer to the subjoined questions with regard to your 
own country. * 

* 1. Did any enquiry precede the enactment of the statutes regulating 
women’s labour 1 Kindly give full reference to any record of such 
enquiry. 

‘ 2. Has any enquiry been made into the results of such legislation 
since its enactment ? .Kindly give reference to records. 

‘ 3. What are the particular industries in which women’s labour is 
regulated ? And what proportion do women and girls employed in such 
industries bear to the whole industrial female population of the country ? 

‘ 4. Are any statistics available with regard to the industries affected 
by such' legislation of — 

(a) The number of women employed \ (A) At or shortly before the date 

(h) The wages paid to them of the enactment ? 

(c) The number of men employed UB) At or shortly before the 

(d) The wages paid to them prescait time ? 

* (r) Other economic data j (C) At any intermediate period ? 

Kindly give full references to records. 

‘ 5. Can you favour the Committee with any observations of your own 
on ^e matter r 

The i^mmittee has received from its foreign correspondents a great 
information, for which it has return^ its thanks. 

, • ^ Oommittee has thus taken the necessary preliminary steps towards 
tbe subjek^t referred to it. The subject is a large one, 

IvOl. n D 
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and the investigation wUt no doubt occupy some time. The results of the 
census recently made in the United Kingdom will have a direct bearing 
upon it. The Committee does not think it would be advantageous to 
publish in the present preliminary report any of the particulars as yet 
obtained, either with relation to the United Kingdom or to foreign 
countries. 

The Committee therefore asks to be reapppointed in order that it 
may pursue the investigation. 


The Besistance of Bond Veh icles to Traciron, — Report of the Committee^ 
coimstirnj of Sir Alexander Binnie (Chaimnav)^ Professor Hele- 
Shaw (Seci^efanj), Mr. Aitken, Air. T. C. Aveling, Mr. J. Brown, 
Professr Hudson Beark, Mr. W. W. Beaumont, Colonel 
Crompton, Air. A. AIallock, Sir David Salomons, Mr. A. R. 
Sennett, Mr. E. Shrapnell Smith, Air. J. 1. Thohnycroft. 
(Drawn up hij the Secrctarip) 

At the first meeting of the Committee it was decided — 

1. That an experimental car and dynamometer were necessary for 
performing the experiments on road traction. 

2. That members of the Committee should be invited to state their 
views in writing concerning the mode in which the experiments should 
be carried out. 

3. That ultimately, with a view of obtaining results on different 
types of roads, trials should be conducted at three centres where facilities 
could be obtained — namely, Aldershot, Cupar in Fifeshire, and Liver- 
pool. 

4. That a summary of all work hitherto done in the investigation of 
road resistance should be prepared by the Secretary. 

At the same meeting Air. J. Brown, of Belfast, offered to alter the 
viagraph, which is the self-recording instrument of his own invention, in 
order to make it spexjially suitable for carrying out the experiments, and 
to place it at the disposal of the Committee. Other members of the Com- 
mittee, amongst them Mr. Aitken and Colonel Crompton, undertook to 
carry out experiments with the special facilities at their command. 

At a subsequent meeting the suggestions contributed by various 
members of the Committee were fully discussed, and it was decided that 
in order to undertake experimental researches in a thorough and complete 
manner it would be necessary to raise a sum of about 1,000/. The 
Committee felt that, in view of the great development of mechai^usfd 
traction upon roads, the scope of the report should not merely be limited 
to experiments on tractive resistance, but should deal with the effects of 
vehicles upon road surface of various kinds, and should involve experi*^ 
ments, not only with two different kinds of tyres, but with varying lo^s 
and spe^s and with different types of vehicles. * 

An investigation would be undertaken concerning the relative eff<^^ 
upon the roads of various forms of mechanical traction and the best types 
of road for this purpose. They might therefore look with confide^nce to 
substantial pecuniary support from makers and users , of tractic^j.ep^^ 
and manufocturers of motor vehicles. The Commit^ 
ably exptefct substantial pecuniary support froto vlarious County 
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%nd Local Boards. A circular was drawn up with this end in view ; but 
pending the consent of the General Committee an application for funds in 
the above directions has not been pressed. 

The step has been taken, however, of appointing Mr. T. C. Aveling, 
3 L member of the Committee, who is conversant with the traction-engine 
vrorld, as Hon. Treasurer. 

Meanwhile, an offer having been received from Sir David Salomons to 
lend to the Committee for an indefinite period, to iilter as they pleased, a 
motor-car, it was determined in accepting this kind offer to proceed at once 
ivith a series of preliminary experiments, which would pave the way for 
future and more complete investigations. During the past few months 
srork has been steadily proceeding upon the motor-car, the cost of new 
mgines for which is being defrayed by Sir D. Salomons. Although great 
lelays hayar been experienced with the engines, it is hoped that very 
shortly a prelii|*|nary series of the experiments may be commenced. 
These it is proposed to make in the first place with single wheels, with 
different kinds of tyres. The track for this purpose in the first place 
(vould be artificial, consisting of different kinds of materials laid in a 
brough or trench, about eighteen inches or two feet in width, so that the 
lynamometer itself can be thoroughly tested when the car is running 
upon a road of level surface. 

In this way the autographic records obtained for materials, such as 
sand wet and dry, loose stones, artificial projections of cross pieces of 
wood of different sizes and differently pitched, can be thoroughly under- 
stood and constants of the dynamometer obtained, so as to enable the 
iiCtual road trials to be made without unnecessary delays. 

This the Committee consider to be very important matter, since the 
difficulties involved in securing permission to make, and in actually making, 
brials upon the roads themselves should be reduced to a minimum. The 
new viagraph of Mr. Brown has Ijeen received and is awaiting these trials. 
Et has l^en altered by the important addition of a device for attaching 
different curved surfaces, representing segments of wheels of different 
diameters. The rise and fall of this curved piece is autographically 
recorded, and from experiments which have already been m^e by Mr. 
Aitken it is clear that the actual contour of the road or surface being 
^experimented upon can be clearly indicated at the same time that the 
actual resistance is being recorded by the dynamometer. The Committee 
have not thought it advisable in the present report to publish a detailed 
description of the dynamometer, since the instrument may possibly 
undergo considerable modification in the course of the experiments. 
Further, they consider that in view of the fact that the work of different 
experimenters on road resistance (an abstract of which has, in accord- 
ance with their instructions, been prepared) consists in many cases 
in the enunciation of laws and formulae, it will be better, instead of 
publishing at the present juncture this abstract, to wait until their own 
experiments can Ims compared with those of previous workers, particularly 
as, for the first time, it Vill be possible to make observations at any 
J^iiired speed from the highest to the lowest velocities of practical 
interest.; ® • 

The gi^^t of money already given will not be sufficient to cover expend!- 
f iD^urred ; therefore' they make application for a further sum 
^i^bunt (vm., 752.), with permission to raise the additional sum 
x^uit^, and for the reappointment of the Committee. 

, • D o 2 
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APPENDIX. 

Abstract of Sutjijesiions. 

Mr. Aitken 

(rt) The (lynamoinctriciil apparatus for roo<»r(ling the different con- 
ditions in the resistance of road vehicles to traction would require to be 
self-oontaiiied ; that is, a separate machine on wheels or an apparatus 
attached to the loaded vehicle. For slow-travelling tralHt^ all the different 
items which t»» make the net result might, with the exception of 
vibration, be accommodated on an apparatus with wheels, placed between 
the prime mover and the vehicle hauled. For fast-travelling traffic, such 
an apparatus could nor. he imagines, he used with safety, so that the 
appliance would retpiire to he fix<‘d to the motor or loaded vehicle. At a 
high velocity the viagraph would not be available, but records could be 
made previous to carrying out the experiments with the road vehicles. 
The connecting appliance would reijuire to he short-coupled in order to 
reduce oscillation. 

{}*) The scheme of exi:>eriment.s would cover all descriptions of pavements 
and macadamised roads. In the exi^eriments the viagraph must play a 
eonspicuous j)art ; and if the speed, pull, and vibration could bo auto- 
graplncally reeorcled to correspond witli the ‘ viagram * the different 
eoncUtions could be seen at a glance, while a scale of ineasuivments would 
give definite results. 

For experiments at high speeds a viagraph section would require to 
1)0 made first, a record taken one way corresponding with the exact 
position wliich would be occupied by the vehicle, and another back and 
corresponding with the width Ixjtweon the wheels of the vehicle, so as to 
arrive at a mean value of the irregularities of the road surface. A 
di.stinctive mark ma<le by the viagraph in previously passing along the 
road would guide the driver of the experimental vehicle in following the 
proper course. 

The pull, tVc., on the best laid asphaltc pavement, might he taken as 
the standard to w’ork from, and which in all probability would give about 
5 feet per mile of unevenness. 

Each road surface from that point and for each succeeding f) or 10 feet 
per mile up to 100 feet of irregularity could )>e tested on level stretches 
and on giudients at dillereut speeds to ascertain tlie pull required and the 
aimmiit of vibration. 

Tlie extent of the unevenness recorded by the small wheel of the 
viagraph, and that of wheels of varying diameter, could be ascertained 
experimentally, from wdiich, no doubt, some kind of formula could bo 
deduced. 

Mr. Aveling : - 

The Sub-Committee might be divided for the purpose of making trials 
into — 

(fi) Tn heavy or road locomotive class ; 

{b) In medium or steam lorry class ; 

(c) In automobile or light class ; 

so that the experiences of each of the sub-Committees in their own par- 
ticular line should be more directly available. 
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Mr. W. Worby Beaumont : — 

A. Resistance to be obtained by a, say, 8-horse power Daimler car 
hauling : 

(a) A light two-wheeled vehicle with iron tyres and 

1. Running light. 

2. With 3 cwt. load. 

3. With 6 cwt. load. 

(b) A light four-wheeled vehicle with iron tyros. Tests same as above 
for two- wheeled trap. 

(c) A heavier type of two- wheeled vehicle witli iron tyres and 10 cwt. 
and 1 ton loads. 

(d) A heavier four-wheeled vehicle, same load. 

J>. Hauling vehicles same or similar to (a), (b), (/*), (d), but wdth 

(^«) Solid rubber tyres. 

(/>) Pneumatic tyres. 

C. Iron- hoop tyres to be shrunk on vehicles in (a), (/>), (c), (d), of double 
width makers ordinarily put on same, and same tests again made. 

D. Trials of two-wheeled vehicles to be made with two ditlerent sizes 
of wheels, say 33 inches and 18 inches. 

E. Angle of draught to be at least two, say (1) horizontal, i.fi.y level 
with axle ; (2) upward inclination of, say, 20 degrees. Trials made with 
skeleton vehicles, all tests to be made (1) on level, smooth asphalte ; 
(2) on all sorts and cojulitions of other level roads ; (3) on all sorts of 
roads of diilerent grades. 

Speeds to be the four speeds of the hauling car. 

Mr. J. Brown : — 

The .surface of the roads upon which the experiments are to be made 
should be tested in two particulars : — 

(а) The smoothness. 

(б) The hai'dncss. 

The smoothness of the roads should be tested by means of his viagraph, 
to which he suggests the addition of a skate w ith the curved outline 
corresponding to a wheel. 

For the hardness an apparatus in wdiich tlui weighted stamper is raised 
and lowered at intervals might be used, the amount of yield in the road 
being autographically recordtd. 

Mr. A. Mallock presented a design for a dynamometer using a single 
wheel. The arguments for such were as follows : — 

wh requires at most only half the number of experimental 

(^) Changes from one form of wheel to another can be made more 
rapidly. 

y) tractive force can be more regularly measured. 

\d) The effective load carried by the wdieel can be known with 
certainty. ^ 

Mr. Mallock’s designs for the single-wheel dynamometer may be 
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roui^hly saiil to consist of a castor frame in which the single wheel is 
held, the wheel being capable of being loaded to any required amount. 
The castor frame is attached to the tractor, the pull on the wheel or 
tractive force being taken through a bell crank frame on to a small mm, 
so that by fluid pressure the tractive force can bo continuously recorded. 

The following are Mr. Mallock’s general suggestions : — 

1. Variable radius of wheel, load, and speed. Begin with five wooden 
wheels, with iron tyres 2 inches wide ; diameter of wheels, 5 feet, 4 feet, 
3 feet, 2 feet, 1 foot. These to be tried each with increasing loads, beginning, 
say, at oOO lb., and at two, four, six, eight, and ten miles per hour. 

In tlie first few sets of expcu'iinonts small increments would be made 
of the lo ads, as it is probabhi that for each kind and state of road there 
may be one aar more critical pressures. Experience will show how large 
the increments may bo without loss of accumcy in the resistance-in - 
terms-of-load curve. If suitable apparatus is used it might be expected 
that a complete series of experiments, both for variations of radius and 
load, could be completed in a day. 

2. The experiments should be repeated with the roads in various 
conditions of wetness. After the variations of resistance in terms of 
radius and load have been well worked out, one or two diameters might 
be selected with which to try variations in the width of the tyre. The 
Avidths should range from 1 inch to 10 inches. 

3. Trials might then be made of various classes of tyres, such as solid 
rubber, pneumatic tyres, &c. 

4. Some method should be devised to classify and describe the con- 
dition of the roads, 

5. Every series of experiments should begin and end with a trial of 
some particular wheel for the sake of reference. 

Sir David Salomons ; — 

All vehicles to be loaded to 1 ton, or 2 tons, as the case may be, to 
avoid calculations. 

Gradients to be bikeii by percentages, say 2, 2.j, o, 7),, 10, 12^-, and 
1 0 per cent. 

Nature of surface classified, such as asphalte dry, wet, and greasy ; 
wood dry, wc?t, and greasy ; macadam dry, wet, muddy, freshly laid, 
worn, very worn. 

Experiments to be made on roads laid with syenite, granite, Maidstone 
stone, Sevenoaks gravel, flint. 

Also when rough laid before rolling and g,fter rolling. 

Also cinder, sand, Vjeach, and other roads. 

Traction measured Avhen from standstill at two, five, ten, twelve, 
fifteen, eighteen, twenty, twenty-five, and thirty miles per hour. 

Wind and air resistance to be calculated from actual registering 
apparatus to give net results and air resistance. 

Air experiments might further be made thus : — 

Flat front of vehicle and same at back built of light board. 

Front conical to cut air and back flat. 

Front and back both conical. 

Wheels might be steel, solid rubber, pneumatic tyres, flat, and rounded. 

Various diameters of wheels, those generally adopted, and a few trials 
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with wheels of greatly larger diameter, say G-foot front and back wheels 
equal, and of different diameters, first larger in front, then larger behind. 


Small Screw Qaxuje, — lieport of ihe Committee, consisiiwi of Sir 
W. 11. Pkeece (Chairman), Lord Kelvin, Sir F. J. Bramwlll, 
Sir H. Trueman Wood, Major-Leii. Werrer, Col. Watkin, Lieut.- 
Col. Crompton, A. Stroh, A. Lk Neve Foster, C. J. Hewitt, 
G. K. B. Elphinstone, E. Higg, C. V. Boys, J. Marshall 
Gorham, O. P. Clements, W. Taylor, Dr. R. T. Glazerrook, 
and W. A. I^JtiCE (Secretary), appointed to comider means by which 
Practical Effect can be yiven to the introduction of the Screw Gauye 
icroposedj by the AsHociaiion in 1881. 

The Committe'^ report that the present condition of the matter sub- 
mitted to them is as follows : — 

In the report presented at the meeting of the Association which was 
held at Bradford in 1900 it was recommended that the shape of the 
thread of the British Association screw gauge for the use of instrument 
makers should be altered in the following particulars for all screws from 
No. 0 to No. 11 inclusive. 

For screws , — That the designating numbers, pitches, outside diameters, 
and the common angle of 47.^^ remain unchanged ; but that the top and 
bottom of the thread shall be cylindric.al, showing flats in section, and that 
the depth of the thread shall be increased by one- tenth of the pitch, the 
diameter of the solid core being in consequence diminished by one-fifth of 
the pitch. 

For nuts , — That the designating numbers, the pitches, the diameters 
of the clear holes, and the common angle of 47 remain unchanged ; but 
that the top and bottom of the thread shall be cylindrical, showing flats 
in section, and that the depth of ihe thread shall be increased by one-tenth 
of the pitch. 

The effect of these alterations is as follows : — 

The threads of the screws and taps are of a very simple form, being 
cut with a single point tool or grinding wheel, with straight sides and a 
flat top, and the top of the thread is part of a cylinder. Though the 
form of the bottom of the thread depends on the correct grinding of the 
end of the tool, great accuracy is unimportiiiit, as the screws and nuts do 
not come into contact there. • 

The threads of the nuts and ring gauges will be accurate in proportion 
as are the taps used to cut them, the edge of the thread forming the 
through hole being part of a cylinder. 

The actual differences between the screws and nuts of the old form 
and that recommended are so small that it is believed the old stocks will 
in practice be interchangeable with the new screws, so that the amount of 
inconvenience caused by the change will be exceedingly small. 

The British Association screw gauge has been in use in England for 
se^nteen years. Many firms in England have originated the threads 
gauges for sale or for their own use, but the difficulty of 
producing them is great, and the tnarket obtainable may have been 
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insufficient to induce them to perfect the processes necessary for making 
them accurately interchangeable. In short, the British Association screw 
gauge of 1881 was of too complicated a form to allow of its accurate 
realisation except at a cost which has proved ])r(»hibitivc. 

That very accurate gauges with rounded threads can be produced is 
not disputed, but the ditfioiilty of doing so for small screws is very great. 
The names of three firms in America and of one in Germany have been 
proposed to the Committee as being competent, and probably willing, to 
undertake the production of gauges and tools of the rounded thread. The 
Birmingham Small Arms Company, who produce interchangeable work on 
a very large scale, and to a high degree of perfection, use only round- 
topped screws, fitting all over, for bicycle work ; and Mr. Clements 
exhibited gauges used V>v that firm illustrating his paper read before the 
Section at Bradford. This linn does not produce these gauges for Siile. 
The American iirm of Pratt I'i: Whitney have manufactured a large 
number of sets of gauges and screwing tools for the English Government, 
but declined to submit these t<» the Committee on the ground that they 
were not siiHiciently accurate to satisfy us. After long delay they 
submitted to us three specimens, which ^\ere reported upon by this 
Committee at the l^over meeting. Though the best wq had seen, they 
were distinctly inferior to the screws used in the ordinary micrometers 
purchasable in tool shops, which have threads of the character which 
this Committee has recommended for adoption. 

While the round thread is only produced satisfactorily by a very few 
firms, who have made a spo(aal study of this class of work, the Committee 
believe that the form of thread they have proposed can be made in 
any fairly equipped tool room ; and that this facility in producing or 
obtaining the necessary appliances must very greatly encourage the 
maintenance of an accurate standard in small screws, to promote which 
has been the object in tin? view of the Committ(;c. If, on the other hand, 
these tools and gauges are very special, and perhaps costly, appliances, 
obtained only by the refined processes of certain factories, their use 
in workshops will extend slowly. The Committee aim at putting the 
matter on such a footing that the common everyday appliances in the 
hands of workmen .shall he of a good order of accuracy, and this is 
only possible if they are produced easily and cheaply. 

It is not suggested by the Committee that the form of thread 
recommended is the best for all purposes and for all sizes of screws, and 
they have expressly excluded sizes of screws below No. 1 1 British Associa- 
tion gauge, which are produced by pressure and not by cutting. Their 
recommendation applies only to the screws used in instrument making 
and similar trades for assembling parts, of which screws a large 
proportion — perhaps 95 per cent. — are of brass. Considerations adecting 
the use of screws for other purposes have been put before the Committee, 
especially by Mr. Clements in the case of bicycle and gun screws, and by 
Mr. Taylor in the case of lens screws. These have thrown suggestive 
light on the question before the Committee, and will be closely considered 
by them if reappointed. 

Since the last report the Committee’s proposals have attracted much 
attention, but no sets of gauges or tools of the new thread have been 
submitted to them, and so far their recommendation has had no practical 
result. They are informed, however, that one firm of manufacturers in 
England is occupied in producing tools and gauges for their own use, and 
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if they succeed in producing them of satisfactory accuracy will suVmiit 
them to the Committee. 

Mr. O. P. Clements, the author of a paper on screw threads used in 
bicycles, read before the Section at Bradford, has been elected to the 
Committee. 

Mr. W. Taylor, who has taken a leading j)art in the standardisation of 
the screws of photographic lenses, and has been in communication with 
the Committee, has also V)een elected a member. 

Dr. R. T. Glazebrook has been elected a member of the Committee. 
Correspondence has passed betwe^en the Committee and Dr. R. T. Glaze- 
brook, the Director of the National Physical Laboratory, respecting the 
examination of screw gauges, and the following arrangements have been 
made : — 

The National Physical Laboratory will undertake to examine and to 
report upon gauges of the British Association submitted to them. 

The Committee have applied the grant of 45/. made to them at Bradford 
to the purchase of apparatus for the examination of gauges by the National 
Physical Laboratory, and have appointed Mr. C. Boys, Lieut. -Colonel 
Crompton, Dr. R. T. Glaz(*brook, Mr. W. A. Price, and Colonel Watkin 
to be a sub -Committee for the expenditure of the grant. The Committee 
are of opinion that the previous grant of 45/., made in 1900, will be 
insufficient to purchase the necessary apparatus, and recommend their 
reappointment, with a grant of 45/. 

Ethnological SuriVfi/ of Canada. — licport cf the Committee^ consist{7iif 
of IVotessor D. P. Penhallow (Chainnan), the late Dr. George 
if. Dawson {Secretaio/), Mv. E. W. Biiauuook, Professor A. C. 
Haddon, Mr. E. S. .llAUTLANn, Rir J. G. Bouhinot, Mr. B. 
SuLTE, Mr. C. Hill-Tout, ]\Ir. David Boyle, ]\Ir. 0. N. Bell, 
Professor E. B. Tvlok, Professor J. Mayor, Mr. C. F. Hunter, 
and Dr. W. F. Ganong. 

In recording the work of the past year we are called upon to notice the 
very sudden decease of Dr. G. M. Dawson, which occurred at Ottawa on 
March 2, 1901, as the result of bronchitis. Dr. Dawson had been 
identified with the work of this Coinmitteo from the time of its organisa- 
tion, and he served at first as its Chairman, and later as its Secretary, 
which position lie held at the time of his tleath. Ilis well known ethno- 
logical studies in connection with the Indians of the Pacific coast and the 
keen practical interest which he constantly manifested in the prosecution 
of such work gave special weight to his connection with this Committee 
the object of which commanded his warmest sympathy and his deepest 
interest ; and we are keenly sensible of the great loss we have sustained 
m the removal of one whose broad interest in the progress of scientific 
research, and whose intelligent appreciation of the many difficult problems 
connected with tke prosecution of ethnological work in a country where 
the conditions are changing so rapidly, gave him exceptional qualifications 
R'^^dance of our work and imparted to those especially engaged, in 
collating data a never-failing stimulus and enthusiasm. 

Renewed negotiations with certain of the provincial Governments 
lave been opened during the year with a view to having the work of this 
ommittee placed upon a more permanent basis, and it is^ hoped that 
tavourable results may appear before our next annual report is made. 
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Dr. Ganoiig has undertaken the organisation of systematic work in 
New Brunswick, with special I'eference to the remnants of Indian trib^ 
in that section of the country, and a somewhat definite statement of 
progi'ess in tliis direction may be anticipated for the next report. 

The anthropometric work of the Committee has beem in progress for 
the last three years, and material is steadily accumulating which will 
ultimately be placed in competent liands for final analysts. 

^Nlr. Lt*on Gib-in, whose very lujceptablo work upon the Indians of 
Lorette was reported upon Ijist year, has continued his studies with 
reference to the Iroqnuis of Caughnawaga ; but the material is not 
suificiently advanced to make it available for the purposes of the present 
report. 

Mr. A. F. Hunter ha.s shown continuous activity in the ethnology of 
Ontario. He has published in the ‘ Arclucological Report of Ontario* for 
1900 his third contribution to tlie bibliography of Ontario arclueology. 
In volume iii. of the ‘ Ontario Historical Society * he has also published 
an article on ‘ The Ethnographical Elements of Ontario.* This paper was 
prepared in the line of the investigations of this Committee, and, as in the 
case of the contributions by iSlr. Suite, it will serve as an important basis 
for further investigations. Its importance and the fact that the place of 
first publication would secure only a limited circulation made it desirable 
that a certain number of extra copies should be secured by the Committee 
for use in its special work. These are now available, and a copy is 
transmitted herewith. 

Mr. Hill-Tout has continued liis studies of the Salish tribes of British 
Columbia. His report for this year deals chiefiy witli tlie Halkome^leni 
tribes of the Lower Fraser. The evidence, both from his archaeological 
investigations and from his linguistic studies, leads him to conclude that 
these tribes are comparatively late comers in their present territory, and 
that the original undivided home of the Halish stock was noton the shores 
and bays or tidal rivers of this coast, each tribe or division having 
separate and distinct names for the various kinds of fish and other marine 
products, which could not conceivably liave been the case had they lived 
together here, since fish formed the principal portion of their food from 
time immemorial, as their midden -heaps testify. Their stories and myths 
accounting for the origin or presence of the salmon and other forms of 
marine life in these? waters arc^ also widely dissimilar, plainly showing 
that they have been independently evolved since the separation of the 
tribe into its present divisions. 

Another important result has been reached by a comparative study of 
the philosophy and social customs of the Salish tribes. It has been found 
that their beliefs and customs furnish us with the steps by which the 
peculiar totemism of tlie northern tribes of this coast is reached. It is 
seen to be the natural outgrowth and development of an earlier fetishism, 
the different cultural planes of the Salish prcs(?nting very clearly the 
intermediate steps by which the former gave rise to the latter. 

The linguistic part of the report, to whicli the author has devoted 
much time and study, forms a valuable addition to our knowledge of the 
Sabsh tongue. It presents a comprehensive exposition of the grammatical 
structure of two important dialects of this family, to which are added 
examples of native text and extensive glossaries of Kwa'nthen and 
TeiFqeuk terms. 

The Committee desire to be reappointed, with a grant of 30/., in 
addition to the balance of in hand. The Committee recommend 
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that Mr. C. Hill-Tout, of Abbotsford, British Columbia, be appointed 
Secretary, and the Rev. John Campbell, of Montreal, a member of the 
Committee. 


Natural History and Hthnoyraphy of the Malay Peninsula, — Second 

Report of the Committee^ consistiny of Mr. 0. H. Read (Chair- 

man), Mr. W. CiiopKE (Secretary)^ Professor A. Macalister, and 
Professor W. Ridgeway. 

Tiik Committee have received the following report from Mr. W. "VV. 
Skeat, the leader of the expedition in continuation of the report presented 
last year : — 

Second Report on Camhrldye Exploring Expedition to the Malay Provinces 
'f Lower Siam. Drawn up by \V. W. Skeat. 

In continuation of my report of last year (in which the route taken by the 
Malay States Expedition was described) I have the honour to forward a 
report descriptive of the ethnographical material collected in so far as it 
is possible for me to do so under existing conditions. 

I propose also, for convenience’ sake, to preface the ethnographical 
part of the report with a few general remarks on the collections made in 
the other departments of science which were represented on the staff of 
the expedition. 

Eoiea on Zoology, 

Zoology, — An extensive collection of Vertebrates was made, but this 
group has been, comparatively speaking, so well worked that the interest 
of the collection is more, likely to consist in extending the range of 
species already known than in the making of new or startling additions 
to oui existing information about the Peninsula. About three or four 
new species have, however, already been reported. 

A few of the most interesting points about the entire collection, from 
a zoological point of view, are 

1. The discovery of the first two species of Veripatas found in the 
Malay Peninsula. 

About thirteen specimens of Peripatus (comprising two species) were 
collected by members of the expedition. 

The first species was first collected on Bukit Besar (3,000 ft.), in Patani, 
by Mr. R. Evans, and the second some time later by Mr. F. F. Laidlaw 
at Kuala Aring, in Kelantan, both localities being in the East Coast States. 
A third species was collected some months afterwards (and independently 
of the expedition) by Mr. Butler in the West Coast State of Selangor. 
All three species are included by Mr. Evans in a new genus which he has 
called ‘ Eoperipatus.’ ' 

A point of great interest (Mr. Evans tells me) is that in the earlier 
stages of development (eJ.r/., in the size and structure of ovum) they 
resemble the Australian forms, but at a later period (e.g.^ in the size of 
embryo at birth), they more nearly approximate to the American forms, 
to which anatomically they also bear so strong a resemblance that they 
have been included in the same sub-family (of Peripatidie). Mr. Evans 


‘ Quart. J. Micr, Sc,, vol. xliv., Pt. IV. n.s. 
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concludes that the Poripatidic must once have luwl a common centre of 
distribution either in Africa or in some last continental tract which 
formerly atForded a means of land communication between Africa, the 
Malay region, and South America. 

*J. The collection of Spiders and other Arachnids, of which moi*6 than 
one thii*d have been determined as new by M. K. Simon (Paris), the great 
authority on this group. 

3. The collection of Insects. 

4. The collection of Oligoolueta (the majority of which are new). 

5. A good piece of work is Mr. Evanses account of the formation of 
the gemmule in Ephydaiin. 

The information about the rest t)f the collection is not yet fully avail- 
able. I append, however, for convenience’ sake, a table showing the groups 
to which the spi'ciin»*ns colloctctl belong, together with a list of the 
authorities who have kindly consented to work them out. 


Freshwater Sponge-s 

1 new species 

Desciil)ed as EphyUttiui Invnf 

Marine Sponges 

Few 

Inmjia by It. Evans, M.A., 
B.Sc.. in ‘Quart. Jour. Micr. 
JSci.,* vol. xHv. p. 71 

Mis.s 1. Sollas 

Mcdasie 

2 or .1 

U. T. (iiinthcr (Oxford) 

Aloyonaria 

Few- 

Professor S. J. Hickson (Monche.s- 


ter), M.A. (Downing College) 

F. F. Laidlaw, B.A. (Trinity 

Tarbellaria 

Many species, mostly 


new' 

College) 

Cestoda, Treinatoda, 

Few 

A. K. Shipley, M.A. (Christ’s 

Xematoda 


CollepO 

Oligochajta 

Xot less tlian 16 

Descuibed by F. E. Beddard, 

species, of which 

ALA., F.K.S., in ‘Proc. Eool. 


at least lU are new 

Soc.,’ 1900, p. 891 » 

Polychieta ! 

F<rw' 

A. Willey. M.A., D.Sc. 

Sipunculoidca 

Probably 4 or 6 

W. F. handiest. r, M.A. (King’s 

species 

College) 

Crust aen.a 

CoJi s i fie ra hi e iiu mber 


Peripatus 

Two species 

R. Evans, M.A. (* Q. J. Micr. Sc.,’ 
vol. xliv.. Pt. IF. n..s.) 

Myriapfjda 

Few 

F. (i. Sinclair, M.A. (Trinity 
College) 

Aradinida 

Xot less than li»9 
species, of which 
48 species and 4 
sul)-spe(;ies arc nev 

E. Simon (Paris) r. ‘P.Z S.,* 1901 

Insects 

Pajier on habits by N. Annan- 
daJe, in ' P.Z.S.,* 1900, p. 8.87 

Lepidoptera 

- - 

Professor B. B. Poulton, F.R.S. 
(Oxford) 

P. CaiiH ron v. ‘ P.Z.S.,* 1901 

Hymenoptera 


llemiptera 


W. h. Distant 

Ort hoptera ( part ) 


M. Burr (Oxford) 

Ortlioptera(Pliasmidac)| 


1). Sharp. F.R.Sw 

F. F. Laidlaw, A.A. 

Odonata (Dragon-tlies) 

About 60 species, 
probably U) new 

Coleoptera 


D. Sharp and F. F. Laidlaw 

Mosquitos 

1 

1 F. V. Theobald, M.A. (St. John’s 

1 College) 


' Cp. also F. E. Bedflard on a freshwater Annelid of the genus Scthrioneuroti 
[J?. mf, n. sp.] in Pt. I. 1901 (p. 81) of the P.Z.S, 
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1 I^mellibranchiata and 

About 70 species 

a few other Molluscs 


Other Molluscs (Gas- 

Including about 20 ; 

teropoda, &c.) 

species of terres- 
trial Operculates, 
j of which probably 


G or 7 are new 

Other Molluscs (Slugs, 

About 25 specie.**. 

) 

probably 6 or 6 new* 

2 or 3 

C*n T tic-fishes 

h islic.s 

Numerous 

Amphibia 

About 29 speeJes 
(none new) 

llo.ptiles 

Not less than M) 
species, 2 or 3 
probably' new 

Birds 

About 119 species 

Mammals 

About 55 species, 

, 1 new 


Sprrimc/is not yet tll»tr 

j 

1 (’orals 

\ Considerable number . 1 

Echinodeniis 

Moderate number ; 1 

• 

I Nemertines 

2 or 3 1 ] 

HirudineJi 

1 

Polyzoa 

1 or 2 species | 


E. A. Smith (British Museum) 

F. F. Laidlaw 


W. E. Collinge (Birmingham) 

W. E. Hoyle, M.A. (Manchester) 
L. W. Byrne, B.A. (Trinity 
College) 

Described bv F. F. Laidlaw in 
‘ P.Z S.,* l‘‘)00, p. 883 
F. F. Laidlaw 


Paper by J. L. Bonhote, B.A. 
(Trinity College), ‘ P.Z.S.,’ 
Pt. I. 1901, p. 57 
Described by J. L. Bonhote, B.A. 
(Trinity College), in *P.Z.S.,’ 
1900, p*. 8G9 


Probably J. S. Gardiner, M.A. 
(Cains (.’ollegc) 

Unassigned. These were to have 
been de.scribed by F..P. Bed- 
ford, B.A. (King’s College), who 
died October 1900 
Possibly 11. C. Punnett, B.A. 

((.\'iius College) 

Unassigned 
? 8. F. llarraer, F.B.S. 


But any. 

Upwards of 1,000 species of dried plants were collected— about 430 
by Mr. Gwynne-A^aughan and upwards of GOO by Mr. R. TI. Yapp. 

I understand from Mr. H. Ridley, M.A. (Superintendent of (L-irdcns 
and Forests, Singapore) that both collections include specimens of much 
interest. 

In both cases the specimens consistetl mainly of Phanerogams and 
Vascular Cryptogams. They included a number of new flowering plants 
and probably one or two Ferns. 

Messrs. Gwynne-Vaughan and Yapp have both been engaged in 
anatomical research on the material, preserved in spirit, collected during 
the expedition. 

A small collection of Algse have been distributed between Messrs. 
F. P. Blackman and G. S. West, both of St. John's College, Cambridge. 

A few Fungi were also collected. They will probably be undertaken 
by Mr. R. H. Bifien, of Emmanuel College. 
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Geclogy. 

With regard to tho progress made in dealing with the geological 
specimens, Professor T. McKenny Hughes kindly sends ino the following 
notes : — 

The occurrence of fossils on some of tho images of Buddha sug- 
gested a search for the tjuarry from wliich the rock was obtained out 
of which tho images were carved, and it was at length found on the 
western flank of the great central axis of the Peninsula. The finer rock 
is in places highly fossiliferoiia ; tho coarser has so far yielded only traces 
and suggestions of organisms. The collectors very wisely brought liack 
large lumps of the portions which appeared to be fossiliferous, and by 
breaking these up with greater care than couhl have been used in the 
field, we have obtained a sutliciently largo number of well preserved 
species to enabh* us to determine the geological horizon of tin? d(;posit. 

There is a trilobitc (Prnetus), encrinite stems and arms ; several species 
of lamelUbraiichs and of brachiopods, among which last there is at least 
one species of Choiictes. There is a well prf‘served and highly ornamented 
Pleurotomaria and a Cephalopod, wliich, hy its liorseshoc lobes, confirms 
what is suggested by the general facies, namely, that the deposit belongs 
to the highest beds of tlie Carboniferous, or rather, perhaps, to beds inter- 
mediate hetw('t*n the Carboniferous and tlie t)verlying system to which 
the conipromi.se name of Permo-Carbonifemus has been applied. 
The rocks brought home fall into two divisions: (1) a grit of varying 
coarseness, consisting almost entirely of siliceous grains with occasionally 
larger included fragments of ijuartz and some foreign material ; and 
(2) a very tine rock in which, how^ever, the constituents appear to be the 
same as those in tho coarser rock, only more finely divided. Both rocks 
arc jointed, and the joint. s are often picked out by bright coloured oxides, 
and in the case of the coarser rock by thin mineral veins in which liinonite 
is conspicuous. The microscopic examination of both finer and coarser 
rocks iionfii ins tho view.s suggesbjd by the macrr>scopic examination of the 
coarser specimens. Tho chemical Jinaly.sis shows that the rock is almo.st 
entirely composed of silica, Imt it i.s evident that it lias undergone much 
mechanical ai'd chemical alteration. There are evidences of strain 
throughout ; the fossils are flistorted, and .some of tho larger pebbles are 
broken and the parts displaced by movements in the rock. It is clear 
also from the character and condition of the fossils that there must have 
been originally much carbonate of limcj in tlie rock furnished by large 
lamellibranchs and thick- slielled brachiopods. The cavity where the 
shell was is sometimes found lined with silicates, whercjis no trace of the 
carbonate of lime remains in it. The absence of carbonate of lime was 
suggested by the sharp and undecomposed appearance of the carved work 
which, though it had evidently been exposed to the weather and the action 
of vegetation, nowhere showed the fretted surface of a calcareous rook. 

AXTHROPOLOfiY. 

Notes on 

I. Anfhr(ypomeiry, 

There was so much heavy work to be done in other departments that 
but little time could be devoted to this branch of science. 

Such statistics, however, as it was possible .:to compile should be of 
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especial interest, since it appears to be the first time that any systematic 
observations have been made on the Malays of the east coast of the 
Malay Peninsula. 

As far as I have ascertained at present, about forty-four natives in 
all were measured. Of these about thirty were East Coast Malays, and 
the remainder (with the exception of one wavy-haired Sakai woman) were 
aboriginal jungle-dwellers, with the dark skin and frizzly hair of the 
Negrito type. 

Upwards of twenty measurements were taken in the case of cacli 
individual, and a number of observations were made with reference to 
the colour and condition of skin, hair, and eyes, as well as various par- 
ticulars befiring on the life of the individual measured. 

The full measurements have not yet been thoroughly w-orkcd out, but 
the records of height appear to bo thoroughly consistent in indicating the 
presence of two quite difierent standards of racial stature : (a) a high one, 
(b) a low one. 

(a) From ITjD-lGG C. ; (b) from 151 loG C. 

This largely confirms what has been written about the people of the 
East Coast States by Mr. Hugh Clifford and others ; indeed, the differ- 
ence of type is so marked that it could hardly fail to strike the ordinary 
observer. 

The men belonging to the first type — 

(a) Are tall, fleshy, raw-boned, and bulkily made men, somewhat 
resembling the Maori in general build. 

Those belonging to the second typcj — 

(b) Are short, with spare frame and comparatively slender lower 
limbs — as different as a polo pony from a plough-horse. 

The taller type largely predomiiifites in the East Coast States of 
Patani, Kelantan, and Trengganu, the centre of its racial focus lying in 
the most central of the three* States referred, i,c., in the State of 
Kelantan. 

Notes oil 

11 . JUthuoffrap/ij/. 

An examination of the ethnographical specimens has served to 
emphasise the importance of tlie area traversed, as one of the most vital 
of the connecting links between Asiatic civilisation and savagery. An 
interesting point is that this offshoot of the Mongolian race has adopted 
a culture whicli appears to be almost fundamentally Indian. 

Anotlier jioint to which perhaps justice has hardly been done consists 
in the immense value to Great Britain of her Malayan dependencies, the 
volume of whose trade (not including Borneo and Sarawak) amounted in 
the year 1900 to 51,900,000/.,’ a figure whicli only falls short by a few 
niillions of the great import and export trade of Canada, which in the 
same ye.ar amounted to 64,000,000/.- IMost of this trade is certainly 
niade by the Chinese ; but even apart from the commercial question, and 
on merely general grounds, I think it is now being recognised that the 
work of understanding pur native fellow- subjects possesses a high 
practical value, not only for science, but for government and trade, a 

' Reckoning the dollar at 2f. > Reckoning the dollar at 4j. 
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notable instanco of which was to bo scon in the labours of the late 
Miss Kingsley. ‘ 

AVith the additional nuitorinl collected during the expedition it will 
now, I think, be possible to lay the foundations of a reasonably exhaustive 
ethi\ograp)iical work dealing with the ^lalays of the Peninsula, their habits 
and (‘ustoins, their religion and their industries. For this work I' have 
already coininenccd to arrange the niaterial. It would give me much 
tnicourageinent t«» feel that I ha(,l the approval of the Association in this 
laborious task, which I have taken upon myself solely because work of 
this particular dtvseription is unfortunately so unremunerative under 
present conditions that nobody else could be found to undertake it at all. 

As regards the inetluxl adopted for <lealing with the material, my 
object is ti) have all special points which lend themselves to such treat- 
ment w« irked np by specialists in eaclf particular branch of knowledge, 
a metliod wliich, 1 trust, will giv<‘ an increased value to the ultimate 
result. Among those specialists who have most kindly undertaken to 
work up special sections 1 may mention Dr. K. d. Llo^^d, of Liverpool ; Mr. 
W. L. H. ]>uckworth, Professor Win. Tlidgeway, Mr. 11. Warington 
Smyth, Mr. W. Rosonhain, Mr. H. Ling Roth, ami othei’s. 

I shall proceed to Ji description of the material collecteil, though it is, 
I fear, impossible to give a really ade(juatc description of the collection 
within the limits of the j)r(*seut paper. 

The working dross of the jungle Malays in Kelantan and Patani was 
of the scantiest description, a mere waist cloth being at times the only 
garment used. As we w< irked further soutli, however, towards the 
Trengganu and Pahang frontiers, ihi.s free exposure of the person 
diminished continually, until jn Trengganu town we found the sarong 
frequently worn as low as to the ankles, exactly as in most of the States 
under Rritisli protection. 

The specimens of dress collected consisted chiefly of sarongs, the most 
valuable sp<‘ciinens of which (pre.sented to the expedition by. the Raja 
Aluda of Patani and the Sultan and Raja Aluda of Kelantan) were 
unfortunately .stolen after they had been lianded over to the expedition’s 
agent in Penang. In t his way some unhjiie. specimens were lost. On the 
other hand, a fairly coinplelo .set of named sarong patterns, showing the 
arrangement of the tln-eads in producing a great many varieties of the 
Alalay check patterns, were, obtained, this yioint being an especially 
interesting one, as it exhibits in the IVlalay Peninsula an exact parallel 
to thfj existing »S(tolcli (and former Jrisli) tai taiis. Among the iniscel* 
laneous articles of af-tiiHJ colhictcd may be mentioned a serit^s of head- 
dr(?s.s(?s, shoes, .sandals, itc., and some curious .sets of toilet requisites 
carried on the per.son (including silver tw'cezers, i^anc tooth-brush, silver 
ca« -pick, and silver tongue-scraper), and a set of exceedingly ingenious 
and primitive folding palm -leaf umbrellas, which are cgnstnictod on an 
entirely different principle from tliose of Europe. 

( h'n/imf.nta tiun , 

Among the Malays of the East Coast and Kedah, as among those of 
the British possessions, the adornment of personal belongings and house 
furniture is seldom rich, and is the exception rather than the rule. In 
certain departments, however, with which Moslem tradition has not 
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interfered, the Malay artificer diows no marked inferiority to his fellow 
worker of China or iiimlustan. The work of Malay gold and silver smiths 
in the Peninsula may in fact generally be distinguished from that of their 
Chinese and Indian in the same region by its being less florid 

and in jusl(;r taste than the latter, and finer in execution than tliat or 
the former. 

This (juestion of ornamentation is of espcicial interest on the East 
Coast, where Mohammedanism may be seen struggling for the mastery, 
and not always getting the better of the spirit of the people. Most 
important in this connection r.re the rare traces of anthropomorphic and 
zooinorphic decoration, in some of tlie axe-helves h)rought back by the 
expedition, wliich bear an astonishing likeness to certain Polynesian 
designs, aS well as in the ornithomorphic ornaments, wliich, like the 
frigate bird to which Dr. Iladdoii has drawn attention in neighbouring 
islands, play so large a part in the East Coast rites of marriage and 
circumciskm. in the case of the latter ceremony the anomaly is especially 
remarkable, the candidates for circumcision being usually first paraded 
in a chariot representing some animal or bird, a tiling which I have never 
seen among the W(*st (.'oast- Alalays, who are in closer touch with 
civilisation. 

East Coast designs (more especially those of animals) may conveniently 
be studied in the extensive series of Malay ‘ fancy * cake-moulds collected 
from the various districts through which we passed. I regard this series 
as an important one, the designs being very fairly representative of this 
branch of Alalay decorative work. The objects represented include the 
lion, elephant, bull, goat, and several kinds of tortoise and fish ; the rose 
and otlier fiowers ; the axe and various forms of the Malay dagger, or 
kris. For the same purpose I obtained some fine specimens of mat-work, 
basket-work, needlework, •weaving, photographs of decorative house- 
walls, pottery stamjis, and three beautiful specimens of Kedah water- 
chatties, one of which is decorated with a floral design, and the other two 
with representations of fish, which are depicted as swimming round the 
waist of the chatty. 

Jicaj/otiy, 

Among the JMalayan daggers the most interesting was perhaps what 
Professor Louis calls the ‘kingfisher’ variety of the Malay kris, the 
hilt of which represents a sitting figure with an abnormally long nose, 
^'hicli in some cases reaches a longtli of several inches, the body of the 
figure itself being only about 3 inches high. This pai ticular ilaggor has a 
yi'i-y long scabbard, and is frequently if not usually inserted in the belt 
in the middle of the wearer’s back. To tlraw it the wearer gi\'es a back- 
ward kick, which, just toutrhing the bottom of the scabbard, drives the 
hilt upwards Ix^tweeii the shoulders, where it can be seized by the hand 
(over the shoulder) and drawn for action. 

• llunfhig and Fts/iitn/f 

As regards the series of traps, snares, and nets used hy Jungle A lalays, 
of which a largo collection was made, the greatest ingenuity, as well as^a 
considerable knowledge of the life-history of the animal, is often exhibited 
in their construction. Magic as a rule plays a large part in the 
processes employed, and I hope in due course to be able to work out this 
^^^toFesting side of Malay ethnography. 

1901. E E 
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An ingenious method was investigated of catching male elephants 
(instead of corralling them) by means of a snare sot under a tree to which 
a decoy (female) elephant wivs tothennl. This method of elephant-catcliing 
requires, of course, a cord of immense thickness and strength. 

I'ire-7naA-iii(/ and Cookhuj Implcmentu, 

Some interesting specimens of the cocoanut scraper, two representing 
animals, and one a man prostrating himself in prayer, were obtained at 
Singora. But perliaps the most interesting objects collected under the 
above heading from an etlinological point of view were a set of the fire 
syringes (generally manufactured from bone or horn) which are still used, 
ill some up-country villages for the production of tire. 

The collection of Malay cake-moulds lias already been refcT*’f^^l 
Notes were also taken in detail of the mctliods of making many 
kinds of ]Malay ‘fancy* cakes and sweetmeats, as well as a number 
of other dishes. The working out of my colieetion of notes upon 
Malay cooking processes has been very kindly undoitakcii by Miss 
Duckworth. 


Coins, Writ/ fits and Mrasnrrs, 

Tlie collection of coins (native ‘ cash *), weights and measures is 
represenlativt? of all the important local 8tates in which Siamese or Straits 
money ha.s not yet usurped the place of the native currency, as well as of 
several in wliicli th(» native currency has now dong become completely 
obsolete. The oi»llection of coins includes two interesting gold dinars 
from Jambu, in Patani, wliioh are stamped with the figure of a bull, and 
are probably of local coinage, d'hey havt» some resemblance to a small 
gold coin, formerly current in Achin (Sumatra), but are apparently 
unrepresented in any British cc»Uection. This^ indeed, appears also to be 
the case with a large number of the. specimens of tin cash. They are. cast 
in the form of trees, wliich are called cash trees, the three specimens of 
which, obtained l>y the expedition, are, T believer, unique in this country. 
The general type is that of the round cash, with a circular hole in the 
eeaitre, though one kind, the half-ca.sii of Trongganu, is a solid round coin 
(without the hole). In some of the clesif^ns dnvnticso niViinties may ho 
traced. Mr, 11. iirueber and Mr. .1. Kapson, of the British Museum, 
bave \3otYv seen these coins, and Mr. BApsou \\as most V\tvd\y measured 
and weighed them. They have now, together with the weights and 
measures, been lianded Profes.sor Ridgeway, who has already done a 
good deal towards working them out. 

8et.s of weights and measuies W4*re also obtained whenever possible in 
each of the Hast Cc)ast 8tat<*.s. Souic^ of these are stamped with the 
stamp of the Raja, a charge for affixing which is made in sev«iral of the 
States. Tlui Malay ‘ gantang * roughly corresponds to our own gallon 
measure. The ‘chupak * represents the half cocoanut slicll (of which it 
usually consists;, and this again is further .subdivided. 

Another valuable set from an {ethnological point of \'iew is thatof the 
primitive v/eighing machines in the shape of ungraduated steel-yards 
which are used for weighing out fixed quantities of certain recognised 
substance.^, .salt, ‘ blachan * (the well-known strong-smelling Malay 
‘ prawn paste *l cotton, and tobacco. For weighing rice a much larger 
variety is usea, which may bv^ made adjustable under certain circum- 
stances. 
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Trade, 

A great many statistics were obtained, in passing, about trade, th (5 
figures of imports and exports being obtained for five out of the stwen 
States which go to make up the old Malay country of Patani, In some 
cases these figures were thos(3 for the first year in which the statistics 
had been prop<‘rly kept, a Siamese clerk having been appointed to <lo 
the work on the previous first of April (the New Year’s Day of the 
Siamese). These statistics, therefore, may he taken as fairly reliable, 
and as showing the character of the trade and the stage of development 
of the people. 

Agrienliure, 

A quantity of notes were collected about agriculture. Swamp-rice 
(on the embankment system) and hill-rice were both grown as in the West 
Coast States, the latter especially in ‘jungly * places. 

In most pai » of the Peninsula the Malays do not habitually use the 
sickle, but those who do use it generally prefer to have it furnished 
with teeth. Specimens of this instrument were obtained, as well as of an 
ingenious variety which has a long wooden crook springing from the base 
of the handle for drawing together the heads of rice before they are cut 
with the blade. The habitual Malay (Peninsula) reaping knife consists 
of a blade set in a horizontal piece of wood which is affixed transversely 
to a short bamboo stick. Thi3 rice is often roughly threshed by striking 
the heads of grain again.st the rungs of a .short ladder of about three feet 
in length, which i.s made to lean again.st the inside edge of a large tub, 
but occasionally it is laid upon mats and trodden out by buffaloes, or in 
smaller quantities by foot . I may add that buffiilocs are similarly used 
for breaking up the surface of the ground before the rice is planted. 

^fetal^work — General, 

As regards Malay metal-work, Mr. W. Rosenhain (late of the 
Engineering Department of Cambridge University) last year read a 
paper before the Association, and more recently before the Institute, in 
which he touched upon various points of Malay metallurgy in which 
his experience was likely to prove useful, ftis investigations covered 
a portion of my notes upon Malay kris- making, copper founding, chain 
making, and goldsmith’s work. 

Ironu'orix, 

A series of specimens illustrating the Malay method of manufacturing 
a waved and damascened ‘ kris ’ were collected at Trengganu, together witli 
detailed notes of the operation extending over three days, and photograph.s 
of the blacksmiths at work in the forge. To produce the damask a ‘ pile ’ 
IS made consisting of layers of iron : this is welded into a rod, and lieated 
and twisted into the shape required for the design of the damask (usually 
some kind of a scroll). The scroll is laid between other layers and welded 
until the edges of^the welds of the scroll appear through the later layers. 
The ‘ waves ’ arc produced by heating the entire blade and then cooling it 
with water throughout except at the point where a * wave ’ is required. 
This portion being still red-hot gives way on being hcamraerod, and* a 
repetition of the process with the blade reversed makes a single complete 
‘ * Malay smith uses tool-iron, and seldom if ever smelts him- 

f self ; but in one place I was shown what I believe to have been 
telluric iron cropping out above the surface of the ground, and which I 

BE2 
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was assured was formerly manufactured into kitchen utensils, though un- 
fortunately the smith had long left the neighbourhood, and I could get no 
further information about it. The JVfalay smith makes nil soHs of 
weapons (chietly daggers and knives) as well ns agricultural implements 
(axes and hoes). 

Copper-ivork, 

The manufacture of copper vessels which I witnessed in Kelantan and 
other places is ertected by the process, of which my notes con- 

tain full details. Photographs were tak^n at various stages of the 
operation, and the specimens include copper vessels in all stages, from the 
making of the mould to the finished article, as well as specimens of tools 
used by the operator. An alloy of tin, which is called by the ]\fa]ays 
* white copper ’ * (for which it may be merely an inferior trade substitute, 
in which case the name may be a mere tradition of tntanfig^ or Hooth- 
and-egg * metal, as it is sometimes called in the trade), is cast by an almost 
identical (cire^perdne) process. 

Tin-work, 

The trade of the tinsmith (which consists largely in the making of tin 
oil lamps) is almost exclusively in Chinese hands, but certain branches of 
it form special industries. Thus the casting of chains to serve as 
weights for casting nets is a Malay industry, and is eifected by means 
of a very ingenious mould, which after casting a first series of links 
can be taken to pieces and reversed so as to enable a second row to be 
cast through the first, the combined series thus forming a chain. ^ Another 
very important allied industry consists of the manufacture of the tin 
coins or ^ cash,^ of which every petty State on the East Coast once had 
its own type, but which are fast becoming obsolete in most localities. A 
very interesting and important point (referred ^to above) about the manu- 
facture of these ‘ cash ’ is that they are cast in. the shape of trees, which 
are called ‘cash trees,’ three specimens of which T was fortunate in obtain- 
ing ; a fact which may possibly give fresh meaning to the ‘shaking of the 
pagoda-tree/ which was formerly so familiar a phrase with Englishmen. 

Gnid and Silver Smith, 

A set of goldsmith’s tools, goldsmith’s balance and weights, goldsmith’s 
crucible, and other articles used in his work were obtained for the expedi- 
tion, making a very interesting series. An excellent photograph of the 
goldsmith at work, showing his small portable furnace and bellows, was 
also taken, and details of the methods ascertained which in this case at 
all events are clearly of Indian origin. The. most interesting process (of 
which full notes were taken) was perliaps that of reddening the gold, 
which is eifected by artificial means, and gives it a greatly enhanced value 
in the eyes of M;ilay buyers. 

iJarppnInj (//(iit.-::.*? and 

Photographs and notes were taken of the building*tof houses and of 
boats. The information collected under this latter head is being incor- 
porated in a monograph upon the boats of tin*. INI alay Peninsula by Blr. H. 
Waringtoii Smyth, the material being based upon my notes and the laige 
collection of Malay boats and boat-building models now in the Cambridge 
University Museum. 

‘ White metal. 


^ Used, to weight casting nets. 
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Sheath-making (Cabinet-work). 

The making of sheaths and hilts (for knives and daggers) is a separate 
industry about which full details were obtained, together with a complete 
set of sheath maker’s tools, including sonic very ingenious gauges for 
measuring the depth of the hollow in a sheath. 

Pottery, 

I saw in several places the making of the unburnt article. A portion 
of clay is separated from the heap, moistened, and kneaded partly by foot 
and partly by hand. Wlien sutticiently worked up it is ‘ thrown ' on the 
wheel, «./?., it is placed upon the centre of the potter's wheel, which is a 
species of small turn-table resting on a finely polished hard- wood 
pedestal or block upon which it revolves, the lump of clay in the centre 
being moulded by hand as it revolves with the wheel. With considerable 
difficulty, owning to its being thought an unlucky object to sell, I succeeded 
in buying one of these wheels as a specimen, together with the half- formed 
vessel then standing upon it. When the shaping process is complete the 
pots fire decorated (the design being partly printed by means of the 
stamps and partly traced according to requirements w’ith a small spatula 
or pointed stick), after which they are tired and piled in stacks in the open 
until the time comes for their removal. Glaze is not used, but I hfive 
seen pots being pfiinted with a species of dark-red stain or ‘ paint,’ as 
the Malays call it (made by grinding a kind of laterite and mixing it 
with w'ater, when it is applied to the vessel ‘by way of ornament,’ as 
the Malays sny. 

Hope and String Making, 

A great deal of rope and string was being made at Trengganu, much 
more than in any other pldce visited by the expedition. Exhaustive lists 
of the substances of which the raw material was conipo.sed were made in 
more than one locality, the processes investigated, and several kinds of 
apparatus used for the twisting of the strands, one of them a species of 
box with pins revolving in opposite directions, w^ere purchased. 

Mat and Banket IVork, 

A large number of mats and baskets were obtained by the expedition, 
but it has not yet been possible to do anything towards working them out, 
though Mr. H. Ling Roth has kindly offered to undertake the former. 
The mats which were made by the women were usually composed of 
woven strips of menykuamj (screw-palm) or pandanus leaf, the latter pro- 
ducing the finer article, but various other vegetable substances were used. 
Eor the mat-work wall-screens of a house flattened stems of bamboo were 
combined to form many striking patterns, whilst for the wab screens of a 
rice barn the flattened atem of a creeper was used. Mat- work was also 
^sed for sails. When the strands, which are made by slitting up 
the leavas into Strips with a toothed instrument, are dry enough, the 
operator, sitting on the floor of her house, presses down the even strands 
With her foot or a ruler- like implement constructed for the purpose^ at 
he same time lifting up the odd strands under which she proceeds to push 
^*^©8 with a species of wooden bodkin. Many of the sleeping 
those on the Aring River) were of beautiful workman- 
ready market in the East Coast States. Baskets are 
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made of bamboo, c.iiio, and many other vegetable substances, and though 
they are as a rule made plain are not unfrequently (especially when 
used for holding rice) decorated with tasteful patterns. 


Sphifiitjff awl Weaviny, 

The set of apparatus used for spinning and weaving forms one of the 
most valuable series brought back by the expedition. The .spinning 
iiulustiy is already as nearly as pos.sible obsolete, being only practi.sed by 
the poorest of the poor in out-of-tlu^-way jungle districts, and the 
implements when seen had to bo purchased at sight for wliatever their 
owners would acce])t in payment, as there was but small cl in nee of meeting 
with them again. The cotton is first passed through a small hand-mill or 
gin (of whicli two specimens were obtained) for the removal of the h?«rd 
black seeds. It is then scutchetl by means of a siinall bow (one .specimen 
purchased), the string of wliich was twanged with a short piece of bamboo 
(also purciiased), Ibittened, and n»lled a little on a .special board with a 
specially made rolling-pin (both purchased), spun off on the point of a 
spinning-wheel of the Indian (Behar) type, and wound off on to a winder 
(purchased), stretched on a rack (purchased), dipped and brushed with 
the fruit of the nipah-palm (brushes purchased), dyed and transferred to 
the spools which were hung on a spool-carrier (also purchased). 8o far 
as the spinning goes there does not seem to have been any important 
divergence from Indian methods. The warp-laying, howevei*, appears to 
be done on a system for which I have as yet failed to find any parallel. 
In India (Dacca) two parallel rows or rods about four feet apart are 
planted in the ground, and the warp-layer, holding a small wheel of warp 
yarn in each hand, passes the latter over one of the parts, and then walks 
along the rows laying down the threads and crossing them. In parts of 
Sumatra this method may, I believe, be seen, but the Malay warp-layer of 
the Peninsula, on the other hand, arranges the spools in an elongated frame, 
which may be compared to a ladder, of which the spools form the steps or 
rungs. This frame or .spool-ladder is suspended horizontally from the 
roof-timbers of the house, aq^on the floor btmeath it is deposited a .second 
frame, which consists of a number of long pegs (probably corresponding to 
the rods used by the Indian method), which are fitted firmly into a couple 
of boards, the distance between wliich may be varied by shifting a central 
board which runs between them. Round the pegs just referred to the 
warp-threads are laid, the threads being drawn down as required from the 
spools lying in the frame above the warp-layer’s head. It will be 
interesting to discover a parallel to this process, which is, I believe, widely 
known among Malayan tribes. 

The Malay .shuttle again presents a marked divergence from . the 
Indian type, though the methods of pattern making (by tying and dyeing 
the threads, ibc.) appear to be similar to Indian niethcxls, and are identical 
with those followed in other parts of the Malay region, c.//., in Borneo and 
Sumatra. Throughout the »Siarnese-Malay States I collected specimens 
illustrating the various stages in the process of dyeing, to show the 
arrangement of the threads in the formation of the favourite Malay 
chec& -patterns. In order to complete the series I purchased a Malays 
loom, with the cloth in process of making, which is now with the rest 
of the ethnographical specimens brought back by the expedition. The 
specimens also include embroidery and needlework frames. 
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Mimellaneoiis IndUHtvies, 

Other interesting industrial specimens which were obtained were (1) 
the grooved hard-wood block on which waxed cloths are polished by means 
of a cowry shell, the pressure being applied by a springy rod, the upper 
end of which is made fast to one of the roof timbers (cowry shell, rod, and 
cloth also purchas(^d, and photograph taken of operator), to whicli may be 
added (2) an oil-press for manufacture of cocoanut oil. (3) Model of a 
sugar-cane pre.s.s, worked on an ingenious elaboration of the cog- 
principl(5. (4) A tobacco-cutting machine. The tobacco leaf is pushed 
along a species of shallow trough till it reaches a hole (at the end of the 
trough), and is then sliced off with a sharp knife as it is pushed through 
the hole. 

Of non- industrial specimens I may specially mention the sets of Malay 
fighting-cock spurs and the series of Malay in.struments of music, 
including JVfalay fiddles, flutes, and the primitive instruments made of 
bamboo which arc found everywhere among Jungle Malays. I may here, 
too, mention the phonographic records (so kindly undertaken by Dr. Lloyd), 
most of which wcu’e records of the songs of the aborigines, though a few 
were those of J ungle Malays. 

Prison 8 ami Instnnnents of Torture, 

The system of confining prisoners in small cages or kennels about 
G feet by 2 feet by 0 feet is rapidly becoming obsolete, but still lingers 
on in a few localities. We brought away with us most of the typical 
furniture of a Malay lock-up, including the huge bamboo yoke, or ‘ cangue,* 
which the prisoner wears round his neck on his way to jail, and which 
consists of a couple of big bamboos about 10 feet in length fastened 
together with pins. In addition to the cangue were obtained ( 1 ) a small 
beam which served as the local ‘stocks'; (2) apparatus for compressing 
(ci’ushing) the thumb or great toe ; (3) apparatus for compressing 
(crushing) the temples, a species of big nutcrackers the application of 
which to the victim's skull is said to have been frequently fatal ; (4) 
apparatus for strangling condemned criminals. (5) Photographs were 
also taken of two men who had their hands alld feet lopped off for theft, 
as well as of a number of prisoners who were confined in the kennels above 
referred to. 

Ceremonial Rites and Games, 

A number of objects obtained by the expedition were connected with 
ceremonial rites, especially marriage and circumcision, about both of 
which ceremonies a large body of information was obtained. 

^ Games were also carefully studied, full descriptions of many of them 
being taken down as they were performed. 


Popular Religion and Folklore, 

A large number of the specimens and notes collected fall under this 
heading, and these it is my intention to compare with the contents of my 
book on Malay magic as soon as the opportunity ofiers. The notes taken 
may be classified as follows : — 


(1) Folk -tales and fables. 

(2) Specimens and notes relating to popular religion and magic, 
(d) General mythology and superstitions. 
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Of the fol'egoing (1) a small selection of the best fables and folk-tales 
has been made, and will now shortly appear, under tiie auspices of the 
University Press. It is entitled ‘ Fables and Polk- tales from an Eastern 
Forest.^ (2) The notes on religious ceremonies include detailed descrip- 
tions of the rites connected with marriage, adolescence, and death ; annual 
ceremonies for the expulsion of evil spirits from the villages by means of 
spirit-boats ; invocations of the elephant-spirit, S:c . ; hunting, fishing, 
and trapping charms, and ceremonies performed by the medicine-man both 
for purposes of divination and for the expulsion of evil spirits from sick 
persons by means of good ones, as well as various spiritualistic perform- 
ances such as the fish-trap dance, which was witnessed in several places. 

Other of my notes describe the expulsion of evil spirits from inanimate 
objects, ^.y., fruit trees and crops, as well as various methods of working 
upon nature by means of ‘ make-believe,* by the ceremony of taking 
the rice- soul, by ceremonies for the production and prevention of wind 
and rain, & 

This latter class includes a great many notes on superstitions about 
natural plienoniena, birds, beasts, etc., which will be valuable for pur- 
poses of compai-ison with the beliefs held by the West Coast Malays. 

Ahorifjines. 

In order to deal with my notes upon the wild aborigines, I have 
planned the outlines of a book, which I hope to publish at no very distant 
date, in which they will be incorporated together with much of the 
information previously collected by myself on the same subject as well ns 
that obtained from other writers. The information collected during the 
expedition consisted of notes on physical characteristics, dress, ornaments, 
weapons, hunting and fishing, food and cooking, agriculture and arts, 
music, songs and dances, wedding and funeral- ceremonies, medicinal and 
other notes, mythology and superstitions, magic and religion, vocabularies 
and langufige, and a variety of similar subjects. 

A chapter on the measurements taken and the physical characteristics 
of the aborigines is being worked up by Me.ssrs. W. L. H. Duckworth 
and La id law. The phonogirapliic records of their songs have been sent to 
Dr. R. J. Lloyd, of Liverpool, the well-known phonetician, who has 
already commenced work upon them. The vocabularies and grammatical 
notes (the former consisting, I believe, of several thousand words) have 
been sent to Mr. C. O. Blagden, who has kindly undertaken to write the 
chapter on the language. 

Phramn, 

As regards the Book of the Phrams, referred to in my last report, I 
regret to say that I am not yet able to report much progress. The only 
evidence ba yet forthcoming has been of a negative character, though it is 
nevertheless by no means without importance. The Phram-book has been 
examined by Dr. Grierson, of the Linguistic Survey of India, who has 
pronounced it not to be composed in any Indian dialect What appears 
to be required for its decipherment is a combined knowledge of Smmese 
and .Sanskrit, or Pali, a combination which has hitherto proved not very 
easy to encounter. 
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Silchester Excavation. — Heport of the Comrailiee, consistiriff of Mr. 
Arthur J. Evans (Chairman), Mr. J. L. Myres (Hrxretanj), 
and Mr. ]5. W. Bkahrook, appointed to cooperate iviih the Sil- 

Chester Excavation Fund Committee in their Excavationy. 

The Committee have to report that the excavations at Silchester in 1900 
were begun early in May, and continued, with the usual break during 
the harvest, until December 4. 

The excavations were ccnhncd to the large area, containing in all 
8 acres, situated between Insula XI J (excavated in 1894; and Insula 
XXII (excavated in 1899), and extending up to the north gate and town 
wall. The area in question contains four insuUe, which have been 
numbered XXIII to XXVI. 

Insula XXIII formed the northernmost of a series of unusually 
large squares occupying the central portion of the town. A fair-sized 
house at the south-west corner was uncovered by the late Rev. J. G. 
Joyce in 1865 ; the recent excavations have revealed an additional series 
of chambers on the north-east. Another house of large size with several 
mosaic pavements was also uncovered on the east side of the insula, and 
in the mouth of its courtyard was a small square building which may 
have been devoted to sacred purposes. This had been built up round a 
small and earlier structure of the same chaiacter. The other traces of 
buildings in this insula, despite its size, were singularly scanty, but the 
rubbish pita and wells were unusually productive in objects of interest. 
In pottery these yielded upwards of a hundred whole vessels of all kinds 
and sizes, and from one of the v/ells was recovered another great board 
of iron tools, mostly a smith’s, similar to that found in 1890 in Insula I, 
but considerably larger numerically. 

Insula XXIV forms a long and narrow triangular strip, bounded on 
the north by the town wall and its bank, fc^uch strips have hitherto 
proved more or less empty of buildings, but in this case it contained two 
houses, one of which was of large size and of exceptional interest from 
the peculiarity of its plan and the number of mosaic floors in it. 

Insula XXV, a small triangular area next the north gate, contained 
only two small structures, apparently connected with dyeworks. 

I nsula XXVI, though of some size, had in it at least two houses : 
a small one on the west, and another in the south-east quarter which 
was partially uncovered by Mr. Joyce in 1866. Its complete plan has 
now been revealed. There are also traces of a ruined house near the 
south-west angle. Besides the houses, Insula XXVI contained traces 
of at least three other structures. One of them was represented by a 
solid circular platform with a cement floor 27 feet in diameter, enclosed 
apparently by woodwork or half-timbering. The pit and wells in this 
tnsula were few in number, and yielded few objects of interest. 

Taken as a whole, the results of the season’s work were fully up to 
the^ average, both in the character of the buildings uncovered and the 
variety and number of objects found in and about them. The quantity 
of pottery and the hoard of smith’s tools are also quite exceptional, 
objecte in bronze, bone, <fec. also include many interesting things. 

The coins found were as numerous as usual, but not very important. 

A detailed account of all the discoveries was laid before the Society of 
Antiquaries on May 23, 1901, and will be published in ‘ Archceologia.’ 
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A special exhibition of the antiquities, itc., found was held, as in 
former years, at Burlington House by kind permission of the Society of 
Antiquaries. 

The statement of accounts for the year 1900 shows a total expendi- 
ture of 557/. 7d, 

It is proposed, during the current year, to excavate a strip of ground 
east of Ififtuh* XXI and XXII, and, if possible, to begin the systematic 
exploration of the grass field in the centre of the town. The Committee 
therefore ask to be reappointed, with a further grant. 



Anihro}folo(jical rhoiorjraphs, — Interim lle^iori of the Gcnnmitieey coin^ 
hidinq of Mr. C. H. Read {Chairman)^ Mr. J. L. Myres 
(Secretary^ Mr. H. Balfour, Professor Flinders Petrie, Dr. 
j. G. Garson, Mr. E. S. Hartland, and Mr. H. Lpa Roth, 
appoiyited for the Collection^ Preseruationy and Systematic Registrar 
tion of Photographs of Anthropological Interest, 

The Committee report that further progress has been made in the 
collection and registration of photographs of anthropological interest, and 
that a first list of photographs is in course of preparation. The Com- 
mittee ask to be reappointed, with the balance in hand from the' former 
grant of 10/* 
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The Age of Stom Circles, — Itei^ort of the Committee^ consisting of 
Dr. J. 6. (tAHSON (Ghairmmi^^ Mr. H. Balfour (Secretary)^ Sir 
John Evans, Mr. C. H. Read, Professor K. !Meldola, Mr. A. J. 
P]VANS, Dr. R. Munro, Professor Boyd Dawkins, and Mr. A. L. 
Lewis, apimnied^ to condnct Explorations v-iih the object of Ascer^ 
taining the Age of Stone Circles, {Drawn up by the Chainnua.) 

The Committee have to report that after careful ccinsidei-ation of the 
various stone circles in different parts of the country that of Arbor Low- 
in Derbyshire was fixed upon as the most convenient and suitable for the 
exploration whic'i the grant at their disposal would permit of being 
undertaken, a well marked ditch and rampart surrounding it, while the 
circle itself is fairly complete as regards the stones forming it, although 
none of these are now standing. The consent of the ground landlord, 
the Duke of Rutland, was freely given for the exploration, as was also that 
of the First Commissioner of Works, under whose care the circle is placed 
as an ancient monument under the Act of Parliament. The tenant of 
the farm, ^Ir. Warrilow, likewise readily acquiesced in the project. The 
Committee were fortunate enough with the consent of the chairman and 
committee of the Taunton Museum to secure the services of Mr. H. 8t. 
George Gray, the curator of that museum, who has had much experience, 
acquired under the late General Pitt-Rivers, to direct the exploration. 
Finally, through the kindness of !Mr. A. Pitt-Rivers, the excellent 
apparatus used by his father in his excavations was placed at their dis- 
posal. To one and all of* these gentlemen the best thanks of the 
Committee are due for the part they have taken in facilitating the exami- 
nation of this important and interesting monument of antiquity. 

The following is the report submitted to the Committee by Mr. Gray 
which gives an account of the work conducted by him, after which follow 
reports by Mr. H. Balfour on the stone implements found, and by Dr. 
Garson on the human remains. 

On the Excavations at Arbor LoiVy August 1901. 

By H. St. George Gray. 

Arbor Low is situated in one of the most sparsely inhabited districts 
of Derbyshire, in the parish of Bakewell, from which town it is miles 
distant in a south-westerly direction as the crow flies. The nearest 
railway station is Parsley Hay, one mile to the w'est, on the new Buxton 
and Ashbourne Railway. Hartington is 2| miles to the S.W. of Arbor 
I^w, Middleton miles to the east, and Monyash 2 miles to the north. 
Ihe monument, which is situated on a long ridge of hill nearly 1,200 
feet above the sea-level, commands a most extensive view towards Buxton 
and Bakewell, in a northerly and easterly direction. 

Preliminary arrangements having been made and the workmen having 
oe^ directed to remove turf in various places, the first thing to do was 
w begin a complete survey of the monument. A square (98 metres = 320 
on each side) was formed round the vallum, enclosing an area of 
about 2^ acres, and the plan of the stones was commenced at a scale of 
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240 to I (=20 feet to an inch). The exact position of each stone was 
taken by means of bearings and triangulation from fixed points, checked 
by cross- measurements. The plateau on which the megaliths lie is 
encompassed by a fosse, and avemges about 49 metres in diameter. The 
figure formed by the circh of stones is pear-shaped, the top of the pear 
to the south-east, the point to the north-west. It consists of rough 
unhewn stone slabs of mountain limestone, of which many of the largest 
average 3 metres in length by l*“-40 in breadth : they are of variable 
thickness, extremely irregular in form, Jind some are fmetured ; they all, 
with one exception, lie upon the ground, many in a somewhat oblique 
position, all more or less recumbent. The weathering of their surfaces, 
the cleavage, the ‘ pot-holes ^ in them, are intensely interesting, especially 
to the geologist. In giving numbers to the stones (Nos. I. to XLVl., 
ill the plan) there is no pretinision made to count the original number of 
the stones as put into position by the constructors of the monument ; 
they are simply numbered to facilitate reference and to distinguish 
one from another in describing them. Some of the very small stones 
and stumps have been numbered separately (Nos. 1 to 13). The 
position and slope of the stones individually are extremely varied : 
the majority lie in shallow depressions, although some are (|uite on a 
level with the general turf line ; others, again, are surrounded by slight 
mounds, the turf in many cases growing round and over the sides of the 
.stones. The longest stone is in the centre of the circle (No. II.), which 
measures 4^*57 in length, whilst the ividcst is also in the centre (No. I.), 
2"'*44 in width. The largest stone in the circle is No. X., the length 
of which is 3'" *90, and the width l*'**tS3. There is one exception to the 
stones being recumbent, and that is No. XVI., on the west side, which 
leans towards the north-east at about 35° or 40° with the surface of the 
surrounding turf : it stands at its highest prrt 1*"’06 from the ground. 
It would be de.sirable to excavate round some of the stones of the circle 
to endeavour to find holes in which these monoliths may have originally 
stood. This kind of thing has been done in the exploration of circles 
on Dartmoor. Dr. Pegge mentions an old man who saw some of the 
stones standing,^ and Mr. Bateman another.® Glover, in his ‘History 
of the County of Derby,'* mentions a third, and tersely adds that ‘ this 
secondary kind of evidence does not seem entitled to much credit.' 

The published plans of Arbor Low are for the most part far from 
correct, Sir J. G. VVilkin.son’s plan being tlie only exception. In this 
small plan the position of the circle of stones is fairly correct, although 
there are several discrepancies in the proportional sizes of the stones, and 
the central group should be a few feet further north-west and west. 

The area, or plateau, enclosed by the fosse presents a very uneven 
surface, but the contours across this part of the plan have been delineated 
to follow the general slope of the ground, and not to mark every little 
depression or slight elevation as it occurred. The contours, of 0*5 foot 
(15 cm.) vertical height, show the shape of the monument and its 
immediate surroundings within the ‘ square.' The high^^st contour comes 
on the top of the tumulus on the south-east rampart (opened by Bate- 
man), the lowest, at the northern corner of the survey, showing a fall of 
7111.47 jji ground from top to lowest part. It is not unusual to take 

* Arehaologiat vol. vii. pp. 131-148. 

* Jmtrn, Brit. Arch. At$oc., vol. xvl, p. 116. 

* Published in 1829, vol. i. p. 275. * Journ. Brit, Arok, Aiioc,^ vol# xvi. pi* 9* 
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levels on fixed lines giving contours of 1 or 2 feet (30*5 or 61 cm.) vertical 
height) and to fill in intermediate 15*2 cm. (6-inch) contours hy the eye ; 
but to ensure absolute precision, to show the little knolls and depressions 
on the vallum at the south-west, north, and east, to mark the irregu- 
larities made by Bateman on the summit of the tumulus, to indicate the 
little dyke running in a southerly direction from the vallum — it was 
desirable that all the 6-inch contours should be surveyed severally, which 
entailed the necessity of taking some eighteen hundred levels ! 

The periphery of the ci'est of the vallum constitutes almost a true 
circle, with a diameter of exactly 76*"*25, as shown by the outer circle 
described on the plan. The centre of this circle comes near the middle of 
the south-western side of stone, No. III. of the central group. The crest 
of the vallum deviates very slightly in any part from the true circle 
excepting on the north-west, where it bulges out. The bottom of the 
fosse, as seen on the surface of the silting, declines from the line of the 
true circle far more than the rampart, as shown by the inner circle 
described on the plan, with a diameter of 58 metres ; the only segment of 
this circle that can be said to be true is on the south, south-west, and 
west. The ditch is thrown out far more than the rampart to the north 
and north-west ; but it would not be expected to find that the fosse silted 
up regularly and symmetrically all round, whereas the crest of the ram- 
part, of course, is much about in the same position as it was at the age of 
construction. 

The ditch was marked by a depression from the original surface all 
round averaging 1*"*37, and it is surprising that in the course of all 
these ages it should not have silted up to a greater extent ; had the monu- 
ment been situated in a chalk district, the ditch would probably have 
been indicated by a much shallower depression on the surface. 

The average height of the vallum above the general surrounding turf- 
level is 1™*83(6 feet) — Dr. Brushfield states 16 feet, i.c., 4™*88.' Judging 
from those portions of the ditch already excavated, the material obtained 
from the fosse when it was first excavated was not enough to form the 
vallum, but the construction of the latter will be mentioned later on 
when dealing with the excavations. The confines of the rampart are 
bounded at various points by ten small Governmental stones. The fosse 
and vallum are interrupted on the north-west and south-east by the 
entrance causeways, which are not in line with the central group of 
stones. The causeways are on the same general level ns the area occupied 
by the megaliths and the surrounding land. The circumference of the 
rampart, including the entrances, is about 246 metres. 

The vallum is joined on the south-west by a slightly raised bank — 
about 30 cm. in height — and an almost imperceptible ditch, which runs 
for some distance in a southerly direction. It would be desirable to cut 
a section or two across this so-called ‘ serpent,’ to ascertain if it is of the 
same date of construction as Arbor Low itself, or more recent. 

On the south-east, adjoining the external face of the vallum and partly 
resting on it, n tumulus stands, the summit some 2™* 13 above the sur- 
rounding turf level. ‘Between 1770 and 1824 three unsuccessful 
^tempts had been"^made to discover an interment, but a fourth, raade*by 
Mr. T. Bateman on May 23, 1845, resulted in its discovery. About 
46 {cm. above the natural soil a large slab, 1“*52 broad by 91*5 cm, wide,: 


* Journ. BriL Arch, A^soc., 1900, p. 129. 
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was found to l>o the cover to a six-sided cist, constructed of ten pieces of 
limestone of ditierent sizes placed on end, and having a floor formed of 
three other pioi-es, these, like the rest, beinjsf untooled. No soil had pene« 
trated the eist, and its original eouteuts had been undisturbed. These 
consisted of two small urns (one 11*4 cm. and the other 12 cm. high), 
calcined human bones, a bone pin, a small flint weapon, and a piece of 
iron pyrites.’ ‘ Mr. Bateman never took the trouble to All in his excava- 
tion properly, the result being that live little knolls exist round the top of 
the tumulus bounding a rather deep depression in the centre. In addition 
to this he threw some of his rubbish into the ditcli, as indicated by the 
contours on the plain. The forniatioii of this tumulus, which is probably 
of somewhat later date than the vallum, has caused a gap to occur in the 
vallum on either side of the mound. There is also another irregularity 
in the form of the rampart to the north of the tumulus, caused by a kind 
of spur which extends half-way across the fosse. 

The photographs of the diggings on the whole are not quite satis- 
factory, although some of them could not well have been better under the 
circumstances, unfavourable weather prevailing at least for one-third of 
the time. The photographs of some of the ‘ linds,’ the skeleton, and skull 
portray the originals excelhmtly. 

Excavations. — The excavations were commenced on August 8, 1901, 
by making a cutting through the ditch, wide, close up to the 

south-eastern causeway (called Section 1). Roman remains w^ere looked 
for under the turf, but without success. The silting was re-excavated 
30 cm. at a time as far as practicable. Strewn on tht^ limestone floor of 
the ditcli thirteen teeth of ox were found, and on the l>ottom in the 
north-we.st corner of the cutting, at a depth of from the surface 

(2 on plan and section), pieces of red deer’s antler one piece 38 cm. 
long— w'ere found resting on a solid vein of clay (running between the 
limestr»ne), which traversed the bottom of the ditch obliquely and con-, 
tiiiued both ways in south-easterly and north-westerly directions. It 
appears probable that this may have been used as a kind of pick for 
loosening the previou.sly fractured limestone at the time the ditch was 
first excavated, in the same manner as the antlers of the Stone Age 
described by Canon Greenwell in Grimes Graves. Fifteen fragments of 
antlers of red deer were found by General Pitt Rivers at tho bottom of 
the ditch oi Wor Barrow, Handley Down, Dorset, amongst Htone Age 
relic.^.'^ Nothing else was found in Section 1, which was the deepest part 
of the fosse re excavated ; grcfitest depth The tilling consisted of 

turf and turf mould, 15 cm. ; mould mixed with small pieces of chert, 
4fi cm. followed by a stiff clayey mould to the bottom. The nature of 
this latter is well shown by the pick -murks in tho photograph. The 
hard stone sides of thc3 ditch and causeway were exposed. 

Sections 2 and 3 were next commenced. Section 3 was a cutting, 
3™*05 wide, made across the ditch, midway between Section 1 and the 
north-west causeway. The silting was very soon removed in this case, 
the uneven limestone flof>r be.ing found at a maximum depth of 55 cm. 
and a minimum depth of 33 cm. from the surface of the silting. The 
vallum at this point was particularly high. Three stone implements were 

* From I>r. Brashlield’s paper, Joura, Brit. Aisoc.% vol. vi., new 

1300, p. 184. 

Jouth. Ethnological Snoiehj, vol. ii. p. 42G. 

^ Exeavatlom in Cranbrnm Chase, vd. iv. p. 133* 



ON THE AGE OF STONE CIRCLES. 


431 


found in this cutting. At * 3 ’ on plan and section, at a depth of 36 cm. 
a rudely chipped pointed stone implement (? spear-head), having a plano- 
convex cross-section, length 61 mm., greatest width 44 mm. ; at ‘6 ’a 
worked Hake of black flint with fine secondary chipping at a depth of 
15 cm ; and at * 7,^ at the same depth, a chipped end-scraper of greyish 
flint : this implement is of the long narrow variety, with a notch cai 
both sides. At Section 2, about 4*“*88 to the west of the north-western 
causeway, another cutting, 3"' 05 wide, was made through the ditch and 
the rampart. The vallum was chosen at this point, as it presented an even 
surface, and being coinparati^’ely low and narrow it would not entail so 
much lal:)our in removing. No relics were found in this cutting, except 
a small doubtfully artificial stone scraper picked up on the ‘ old surface 
line ’ (4 on plan and section). The absence of relics in this section was 
very di>wippointing. * The cutting, however, was of value in showing the 
material out of which tlie vallum was constructed and has been plotted in 
section, on the slale, of 60 to 1, Pleasuring from the crest of the rampart 
downwards, the soils, <fcc., occurred .as follows : — (1) Turf and turf mould, 
15 cm. ; (2) rough pieces of thin bedded limestone mixed with a little 
mould, 98 cm. ; (3) band of small pieces of chert with a little mould, 
9 cm. ; (1) yellowish-brown clayey mould, 15 cm ; (5) ‘old surface line' 
of dark brown mould, 9 cm. ; (6) light-yellowish brown sand. The 
greatest depth of the ditch in this section was 76 cm., and it was 
tilled to the bottom, below the turf mould, with mould mixed with 
small pieces of chert. This part of the ditch Imving been laid bare, the 
rc-excavalion of the ditch was continued from this point in the direction 
of the north-west causew.ay, the hard stone sides of which were found. 
As stone relics were more numerous liere, and the bottom of the ditch 
wa.s far more irregular than in Sections 1 and 3, surveys were made in 
various directions, and hajre been plotted to a scale of GO to 1. The 
average depth of the ditch here Avas 91*5 cm. from the surface, and the 
nature of the filling was the same as in Section 1. The following is a list 
of the finds in this part, called ‘ Ditch E.xtension, Section 2.' The 
numbers tally with those on the plan and in sections. 

5. Small flint flake, with fine secondary chipping; depth 21 cm. 

8. Stone scraper, with bevelled edge, 36 mm. in width ; depth 
36 cm. 

10. Outside flake of flint, with secondary chipping in two places ; 
depth 24 cm. 

11. Flint, chipped along the edge ; depth 24 cm. 

12. Two pieces of chert, with secondary chipping (?) ; depth 43 cm. 

13. Flint flake, with serrated edge ; depth 4(5 cm. 

14. Small narrow scraper of flint, worked all round edges ; depth 
43 cm. 

15. Large flint scraper, of pale bluish-grey colour, with chipped 
bevelled semicii*cular edge and pointed end ; plano-convex cross-.section ; 
depth 70 cm., near the bottom of the ditch. 

17. Si.x flakes of white flint, mostly of exceptionally large size, found 
together, in the ditch at a depth of 82 cm. from the surface, on a ledge 

' (^neral Pitt-Blvers oaoe cut four sections, 10 feet wide, through the rampart 
and ditch of a Bronze Age encampment without finding a relic worth mentioning ; 
but be did not despair, and forthwith commenced to dig away the rampart and 
ditch all round, being rewarded by finding bronze implements and much pottery. 
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on solid side of causeway in the north-east corner of the ditch extensioni 
Section 2. These flakes must have been placed on the ledge and for- 
gotten, eventually becoming buried in the silting. 

Just to the west of this ledge a small oval-shaped hole in the lime- 
stone floor of the ditch was found, filled with a stifT clayey mould, but 
no relics were found in it. Other doubtfully artificial pieces of flint 
and chert were found in this excavation, some of which need to be 
examined by the geologist as well as the archieologist : they have been 
preserved. The only animal remain founds here was a tooth of sheep ; 
depth at 21 cm. 

The e.xcavations made in the fosse revealed nothing but early 
Neolithic chipped stone implements, the majority of which were found 
below the 30 cm. level from the surface. It would be, however, some- 
what rash to state on these grounds alone that the ditch was undoubtedly 
of Stone Age construction, although the evidence certainly points in that 
direction, for only a comparatively small portion of the whole fosse at 
Arbor Low has been explored ; in fact, only one- twelfth part. It would 
be safe to assign the construction of Arbor Low to a definite age, if, 
say, one-fourth part of the fosse were re-excavated ; and the somewhat 
inconclusive nature of the evidence at present seems to point to the 
desirability of further excavations being made in the most systematic 
and skilled manner passible. 

Before leaving the ditch it should be stated that its average width at 
the parts already excavated is and the average depth of re- 

excavated ditch beneath .surface of silting. 1”'*08. 

The remainder of the time and funds were expended in trenching 
down to the undisturbed rock in the centre of the circle, between the two 
large stones, Nos. I. and II., and further in an eiisterly direction. The 
area excavated, which covered a very irregular surface, measured 10™‘67 by 
2"''12, and is marked on the contoured plan. To the west a stump (No. 13) 
was found under the turf standing in a leaning position towards the north- 
east. At * 19,’ the only fragment of pottery was found at a depth of 15 cm., 
just under the turf : it consisted of a fragment of rim of Romano- British 
pottery, grey on the outside and brick -red on the inside. Close to and 
between Stones I. and II. (20 on plan), a small chipped flint implement — 
length 33 mm., width 28 mm. — approaching a leaf- shaped arrowhead in 
form, was found at a depth of 27 cm. : it has a bi-convex cross-section. 

The primary idea in making this excavation was to see whether holes 
could be found in which Stones I. and II. originally stood ; but no holes 
were found between these stones ; in fact, the undisturbed ground in this 
part was struck at about 52 cm. from the surface. To the east of 
Stones III. and IV. there were signs on the surface of this part having 
been excavated before (in somewhat recent times). The rock was 
reached here at very variable depths, and at the extreme east an excava- 
tion 2*"* 40 deep was made before the undisturbed ground was struck. 
The hole was filled with rich mould mixed with a little chert. No relics 
were found, except a fragment of human ulna (9 on plan) at a depth of 
15 cm. It is possible that a skeleton or skeletons may have been removed 
from here, and that this ulna was lost in the filling in. If this part had 
been excavated before there were no signs of the ground having been 
disturbed to the west of the small stone, No. IV. Here, close to 
Stone III., a human skeleton was discovered ; the middle of his body (a 
fully adult male) was situated 1^*83 to the south-east of the centre of the 
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circle. It was discovered on August 16, but as Mr. Henry Balfour was 
expected to visit the diggings next morning,* the men were directed to 
cover it up. Next morning the skeleton was uncovered and cleared in 
order that it might be photographed in situ. It was an extended inter- 
ment, the skull being at a depth of only 36 cm. from the surface. The 
skull, which was much crushed and weathered, was found on removal to 
be in forty to fifty pieces ; some of the facial portions and sides had 
unfortunately decayed, so that its restoration could not be made quite 
complete ; the lower jaw was not present. Other parts of the skeleton 
v'ere missing, including the condyles of the femora, the tibia; and fibula;, 
one patella, the feet, and hands. The end of tlie left femur came close 
to the south-east corner of Stone No. III. The .skeleton, which w^as 
buried in pure mould, lay mi the back, with tlie face turned .slightly t(» 
north east, and was surrounded by large blocks of stone built up on the 
south, west, and lorth .sides to within a few centinietrcfs of the surface ; the 
ends of all the long bones were mucq decayed, the head was to the south- 
south-east ; the bearing along vertebral column was 164^,^ »S. ; the length 
from the top of skull to the lower end of femora w’as 1”''19. 

The approximate lengtli of the left fen)ur is about 453 mm., which 
gives a stature (by Rollet’s method) of l“-66. This is above the average 
of a Stone Age man, and below that of a Bronze Age man.^ The skull 
has been restored as far as possible, and turns out to be mesati- 
cephalic, or medium-headed, with a cephalic index of about 78*0 ; 
BO that this interment appears to be of later tlate than the construction 
of Arbor Low, but how much later it is difiicult to say, no relics having 
been found with the skeleton. Dr. Gai*soii will no doubt make a report 
on the skull ; and fis the meatus auditoriu.s is present on both sides, and 
the basion also, the majority of the usual measurements can be taken. 

At 77*“*80 to the east •south-east of the centre of the monument is 
a small tumulus which appeans to have been reduced in height owing to 
agriculture. As this may probably be connected witli Arbor Low it has 
been surveyed to a scale of lliO to 1, with contours of 6 cm. vertical 
height. A cutting was commenced on the north ; but as mould was 
found to extend down to a depth of in places, and it promised to 

be rather a large undertaking when funds w’ere nearly exhausted, the 
work liad to be relinquished, at any rate for the present. One flake was 
found near the surface. 

Dr. Brushticld's opinion, expressed two years ago, as regards the 
probable ago (»f Arbor Low was that tlie monument belonged to the 
Early Neolithic Age. Judging from the nature of the relics already 
discovered and their positions, there is some reason for referring it to at 
least some part of the Neolithic period ; but the evidence deduced can 
scarcely be regarded as conclusive, and we can hardly consider the 
problem as to the date of construction decisively, solved as yet. Neitlier 
has the original position of the central group of stones been determined. 
Gne thing, however, is certain, that Arbor Low has been used as a place 
of sepulture. 


Augu8t^22^ visited the excavations on August and Dr. Garson •on 

interments, Romano-British, in Wor Barrow (Stone Age), 
ualey Down, Dorset, averaged 1"‘-651 in stature. 
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ARBOR LOW. [August 1901 .] 

Short Descriptions of Stones as numbered on the Plan. Note. — The 

length and breadth of the Stones can be aseertained from the Plan. 

t'^tone /.--In centre, nearly Hat, broken in two at N.W. end. Slopes a little to W. 
At K. point it stands 1.} foot from turf. It also stands foot from turf on W. side, 
but there is a trench along this side of the stone. Surface ftiirly smooth. There is 
a small flat stone to E. (not numbered), which is about an inch above turf. 

Sfone II, — Near No. 1., nearly Hat, but sloping a little towards W. to turf line. 
It is about 10" above turf on £. side. The slab is rather thicker at the N. end 
than at end. 

Stone III. — To the S.E. of No. II , Hat, sloping very slightly to E. Pitted sur- 
face. The human skeleton was found close to S K, of this stone; in fact, the left 
femur almost touched the stone. 

Stone IV. — A small stone to N.E. of No. III. Slopes rather considerably towards 
S. ; only about 2" above turf all round. 

Stones V.y VI, and VII — Photographed together froTii S. In a group, the 
nearest stones of the circle to the S. causeway. A considerable depression in turf to 
S. of No. V. At S. end this stone stands about 2 feet above average turf level, and 
it slopes gradually to turf on X. Th»‘ under-surface of stone at S. has been much 
polished by the rubbing of sheep. &c. No. VII. slopes towards N., and is fractured 
in two places. It i.s somewhat thicker at N. end than at S., where it is about 1 foot 
from turf. No. VI. is a fractured stone about 9" thick, which stands on end 
between Nos. V. and VIT., leaning slightly to \V.‘ 

Stone VIII. — Lies in a slight depnission at about 0" above level of turf, in 
depression all round ; slightly higher in the middle. Pitted and rough, but ‘pits* 
are not very frequent, large but not deep. 

Stump 1. — Between JStone.s IX. and X. Btands about I foot from turf level, and 
leans a little towards centre. 

/A*.— Hat, sloping, slightly towards ditch on 8.W. .Stands foot from 
turf on S.W., and 1 foot on N.E. Much pitted surface, .small, frequent, and deep. 

Stone A'. — Photographed from .S.B. Marked depression in turf at W. end of 
stone, winch end is squared, or, rather, of oblong form, 2 feet in thickness. This 
flepression sinks to about 6" below the surrounding turf level. The stone slopes 
towards the N.K., the stone only showing about 10" above turf on E. side. The 
upper surface is fairly liat, and is characterised by a broad crack along middle, and 
what may Ixi called a ‘pot-hole’ near N. corner. Turf grows between stone on 
N.W. Much she<rp-rubbed underneath to »S.W. 

Stand's A'/., XII., and XIII — 8mall stones in a little group between Nos. X. 
and XIV. In a slight <lepre.s.sion, partly in continuation of deep depression at the 
W. end of Siono X. No. XI. slopes towards centre, and has a smooth Hat surface. 
Height 1 foot from turf at S.W., 4" at other end. No. XII. has turf growing up all 
round the sides ; greatest height at N.W. is only 4" from turf. No. XIII. slopes 
towards S.W. and S.E. to turf ; on other sides only 4" from turf. 

Stone XIV. — Lies in slight depression at ditch- end ; flat stone, pitted in places 
by weathering, with cracks in which turf has grown. Height about 10" from turf 
all round. 

Stone XV. — Very smooth surface, sloping to turf on E. ; at W. end, which is 
square, it.s height is 1*;J foot from turf. 

Stone A' VI — Upper side fairly liat ; leans at about 35° or 40° with general turf 
level towards the N.E. In a well marked depression all round, from which it stands 
at highest part 3^ feet. Thickness €)f stone about foot at S. and about foot at 
N. The only stone in the circle that can be said to be standing at the present time. 

Stone X VII — Lies in slight depression ; nearly flat, but sloping slightly towards 

* Mr. Lewis, who measured the circle in May 1871 (see his plan, &c., in 
AntJiropolopia), says that Stone VI. was not then in its present position, but has 
been placed there since. On going over the ground in 1901 to revise his plan, he 
thought he saw signs of a certain amount of surface digging during the previous 
thirty years, but no material alteration in the circle generally. 
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the W. ditch, where its height is only G” above depression in turf, rising at N. to 
about 1 foot ; very rough surface and sides, a little overgrown with turf. 


Stump 2. — Cleaved in two 
above surrounding turf. 



and partly overgrown with turf ; about 10' 


Stone Slopes off rather considerably to the W. ditch ; at E. its height 

is about S)" above turf ; at W. about foot from turf. Elat surface, but much 
pitted, and turf-covered in one or two places. 

Stump 3. — Stands at two highest jpoints 1 foot from turf, with a depression, 4" 
from turf, across middle. 

Stone XIX. — Lies on a slight mound. Height at S. 0 7 foot from surrounding 
turf, rising slightly higher (ridge N.E. and S.W. line), and then gradually sloping off 
to turf level at N. and N.W. 

SUme XX. — Slopes all round to turf level from a central point about 1 foot high. 
It does however, slope off at W. point . 

Stone A'AV.— Lies in slight dej^ression, sloping slightly towards ditch. Flat 
surface and somewhat pitted in places. Height about 1-2 foot from turf all round. 
Ragged along N.lf edge. 

Stone XXII. — Flat ; slopes rather much towards the ditch ; height about 1-3 
foot from turf all round. Half-oval w€atliered hole through bide of stone on S.W. 

Stone XXTII. — Lies in very slight depression, more particularly marked on the 
ditch side. Stone has very uneven side towards W. Rough surface, pitted some- 
what to S.E., S., and S.W., and highest at these points. "Flat surface to N. and 
N.W., where it stands nearly 1 foot from turf. At other points it averages 1*2 foot 
in height. 

Stone XA'/r.— Sloi^es towards N. ; .slopes off to turf level at N.W. and N., but 
not at N.E. Depression in turf at iS. end, extending under stone to N. half-way 
across stone. At iS.E. corner its height from turf in depression is 1*3 foot ; at H.W. 
2 feet from same, gradually sloping along W. face to lurf on N.W. Flat surface 
with very small but numerous * pittings.* 

Stone XXV. — At 15. there is a marked depression in turf, but not at the N. 
Height cf stone above depression at S. 2} feet. The stone slopes towards the N., 
where it reaches the turf level. Rough surface, with fracture at N., running N.W. 
to S.K. Turf rises in depressiijn under the stone at S., to support it. The stone is 
tilted up at S., at an angle of about 20® with surrounding turf level. Much rubbed 
underneath at S. by sheep. 

FJ.-—In slight depression to N., mere marked to S. Slopes towards 
N., almost to turf level. At S. its height is about 2 feet from depression in the turf, 
and the atone itself is about 1§ foot thick at this end. Large ‘ pittiogs,’ but not 
very numerous. Two oval holes, through stone to turf. The larger hole measures 
18" X 10" in the line of stone, a little to N. of middle. 

Stump 4. — Very narrow and sharp, about 8" above surrounding turf. 

Stone XXVII. — Very rough, standing at middle about 1-6 foot from surrounding 
turf. At N. there is an angle only 3" from turf, from which angle the stone rises 
abruptly to top. 

Stons XXVIII. — Height only 2" above surrounding turf; almost entirely over- 
grown except a small portion to N. Flat. 

Stmw. A^YJA'.— Pointed at botli ends. Slopes somewhat considerably tow’ards N. 
Smooth flat surface. A depression in turf at N. only, where it stands about 1 foot 
trom turf in depression. Smooth sides all round. The thickness of stone appears 
to be only 6" at N.E. point, whilst on the S.W. side its thickness is 2 feet, to which 
H gradually rises from N. to N.E. The stone is thicker at S. than at N.N.W. 

AAA. and XXXI. — Slight depression in turf between and to the E. of 
fairly smooth; height only about 1" or 2" from turf. 
>j° 1 sliglRly to N. ; No. XXXI. slopes somewhat considerably to 

^ • and E« 

Stone XXXII. — Of the nature of a stump, but rather larger than those that have 
stumps. Slight depression to S.W., and surrounded by a mound jof 
to p 4 .?*^** where the stone only rises 2" above turf. On S.W. the 

the stone is 1 foot from turf in depression. Turf grows in places on top of 
rather flat. Rough at sides, sloping abruptly from top at S. 

Stone XXXIII, — Lies in slight depression, sloping slightly towards ditch. 

FF2 
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y.nirly flat surface. Height about 1 foot from turf all round. Point to H.fi., only 
3" above turf in depression. 

tStofie A’A'A'/r. — Lies in a marked depre.<?sion on inner bank of ditch. The 
depression particulariy marked at N. and at K. Stone sjiiimvhat heart-shaped and 
liat and fairly sinooiii. About fi" in heii^ht above turf in depression all round, with 
turf growing: up sides everywhere, except at W. and 8.W. 

*sYmic A A'A r.— Flat smootii surface. Slopes slightly to ward.s centre of circle. 
On W. slopes olT to turf. On K. in height above turf. 

AAA'r/. — Smooth but uneven surface. Slope.s slightly to K., and pfirtly 
overgrown with turf, especially over centre and to S. and S.S.W. At N. and 
N.N.W. it stands 3" above turf, but turf runs up to level of stone on all other sides. 

A' VA'r/7. — Lies in slight tlepression all round, which, however, deepens 
considerably to K. and S.K. Slopc.s slightly toward.^ ditch and N., with fairly 
sincoth Uat surface. At W. point it is 2 feet above turf in dcprcs.sion, and at B. 
about 2-3 feet. This stone is cleaving lengthwise, or, rather, horizontally into three 
slabs. This is particularly well seen on all sides but the N. At N. its height is 
only 10" from turf in depression. I’pright sides all round. 

Sfane A'A'A'P///.- -Small Hat stone, level with the turf, which is growing over 
it. Plan shows only that part of stone wliich appears at surface. Slopes to N. 
and E. 

Sfone A'A'A'/A" — On sliglit elevation. Tlrokcn into three pieces, .all of which 
are becoming overgrown with turf. The N. piece is nearly level with turf. The 
middle has somewhat rounded surface, ai;d rise.s in middle to about 0" above turf. 
The piece to S. slopes from N. end to S., where it reaches the turt ; the N. end of 
this piece is about 7" or 8" above surrounding turf. 

Stump 7. — Much overgrown with turf. A piece of stone only U" x 6" shows at 
present, which does not rise above turf level. Plan shows the probable outline 
when turf is reiiu)ved. 

Stones A'//., A'Z7, arid XLTT, — Together in a ma^s in slight depression all 
round. 8ee photograph. No. XL. .slopfs to S. and S.S.W. At highest point at N. 
it is l.J foot above turf in doprcs.^iion. The S.K. .and X.W. points are about !(>" from 
turf. At S. and S.S.W. it meets the turf. No. XLI. slopes from the S.K , meeting 
the turf level under No. XLllf. ; rather rough, uneven surface, standing at N.E. 
about 1*5 foot from turf in depression, at S.E. .aboyt 13 foot, and at S.S.W. about 
1 foot. No. XLII. overlaps No. Xlil. to S.K , and.Hlightly over No. XL. to N.E. ; thick- 
ness of stone about 1 foot at S.E ; .stone slope.s to centre, where it i.s only 1" from 
turf. At S.E. end the highest point i.s about l.J foot from turf in tlepression. 

Stone XLII [. — .Slopes very .slightly towards centre of circle. Flat and smooth 
surface. Kiins to turf on N.W , S.K.,S.,and S.W. ; in fact, pretty well all round. At 
S.E. the .stone is abf)ut 4" above turf level. 

Stump 8. — Very narrow, just api^earing .above turf. 

Stone A7.7r.— Flat, sloping but slightly toward.s ditch. Height about 7'' from 
turf level at N.W. S.S.E. c irner overgrown with turf, N K. corner nbo; in fact, a 
very little of the stone at S.K. .shows above the surface. Uneven, weathered 
surface. 

Stone XL V . — Flat, with very uneven weathered surface and fractured. More 
than half the .stone is overgrown with turf, fairly regularly distributed. 

Stone XL VI . — Nearly Hat, sloping slightly towards centre of circle. Fairly 
smooth surface. ‘ Shoulder ’ acro.s.s middle, height 7" above turf, rising again to 6" 
a.V)Ove turf at S. Turf growing across deprc.ssion below * shoulder.’ Stone almost 
entirely overgrown, dotted on plan, to S.S.W. of XLVJ. 

Stumps 9 and 10. — Small 8tonc.s (not really * stumps’), just appearing above 
surface. 

Stumps 11 and 12. Ilagged stones, broken off, just appearing above surface. 

Stump 13. —This stump, leaning towards E., was only levcaled by excavation. 

Stones outside S. Causetray. — Fairly large, long and narrow* stone, height at E* 
1*3 foot from surface, sloping off at centre westwards, and rising again near W. end 
to about 9” from turf. Stump close to two rounded stones a little above turf 
level, on side of S. rampart. 

Two Stf-Ties in Bitch . — Two stones in ditch on S.W. One long and narrow, about 
8'' in height from turf ; the other, an uneven boulder, rising 1 foot above surfiuse. 

There are other small stones here and there at Arbor Low, which seem to be 
hardly worth mentioning, although they might prove to be somewhat larger if 
exposed by excavation. 
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The Stone Implements excavated at Arbor Low^ 1901. 

Ihj Henry Balfour. 

Detailed references to the positions in 'which the various stone imple- 
ments were found during the excavations are given in Mr. Gray’s reports, 
and the exact pasition of each is marked upon the plan prepared from his 
elaborate and very careful survey, which it is hoped may be published later 
on. The depth at which each implement was found is also noted in tho 
report. 

As regards the implements collectively but little need be said, as they 
ai*e unfortunately few in number, and, while all are of forms well known 
in the finds of the Neolithic period, with which such forms are usually 
associated, they are not of a sulficieiitly ty[)ical and distinctive kind to 
render it absolutely certain that they belong to Neolithic times. That 
they should be r*jferrc(l to that period seems to me extremely probable, 
particularly when the facts reganling tlie nature of tho implements are 
considered in relation to other evidence, viz., the total absence of any 
objects of bronze amongst the finds, and the fact of what is stated to have 
been an early Bronze Age tumulus having been constructed out of the 
material w'hich formed part of the original structure of the monument, 
which must therefore have antedatcvl the tumulus, and, presumably, by 
a period long enough for the original function and probable sanctity of 
the circle to have been forgotten. At tho same time it must be admitted, 
in regard to the storui implements hitherto unearthed, that any or all of 
them onyht have been made and used during the Bronze Age. Simple 
flakes, llake.s with secondary chipping, and ‘ scrapers ’ of flint belong 
practically to all periods. Their manufacture persisted during the metal 
ages so long as their efliciepcy as tools and the rapidity with which they 
could be made rendered them desirable. 

Perhaps the most striking implement of those found, and the one 
which might claim with most justitication to be assigned definitely to the 
Neolithic period, is that numbered 20 in Mr. (ri-ay’s repoi-t, found near 
the centre of the circle at a depth of 27 cm. This is a small blade of flint 
of very broad, leaf-shaped outline, flaked on both sides and rather clumsily 
shaped, being thicker towards one edge than tho other. It resembles a 
leaf- shaped arrow head, but may have been hafted and used perhaps as a 
knife, as the point is e.xtremcly obtuse and not very carefully shaped for 
penetration. 

With one or two exceptions, the remaining implements showing any 
considerable working along the edges may bo classed as varieties of the 
‘ scraper’ or ‘side-tool,’ and in this category I should class that numbered 
3 by Mr. Gray, who suggests that it may have been a spear-head. It 
could at most be regarded only as a spear-head in process of manufacture, 
rejected before completion. It is worked on one face only, and, rough 
though it is, would serve very well as a scraping tool ; the point at one 
end, if intention&l, could have served for cutting grooves. Three well- 
defined ‘scrapers’ (Nos. 7, 14, 15) were found in the ditch varying from 
a very broad, semicircular-cdgcd form to a very narrow ‘ duck-bill ’ sliage : 
they are familiar forms. An ‘outside flake’ (No. 10) shows secondary 
chipping ^long two edges, and was probably a scraper : it is evidently 
hut a fragment of a fair-sized flake, broken, perhaps, in use. No. 5 is 
W 80 a fragment^ showing some flaking at tho bulb end of a small-size 
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One broken flake (No. 13) shows a very delicate serration along one edge, 
forming a finely toothed saw. The serration evidently extended along 
the portion of the flake broken away. This saw must have been intended 
for delicate work only. 

In addition to the implement.*; already referred to, there are several 
flint flakes showing well marked bulbs of percussion, a few with secondary 
chipping at the edge ; also some which are doubtfully worked ; and a 
certain number of flints were picked up and kept, which prove on inspec- 
tion to exhibit natiiral fractures only, and tlics(5 1 Jiave rejected. Mr. Gray 
very rightly submitted these rather than run any risk of overlooking 
examples which might possibly betray human agency, however slight. 

The finding of six large flakes (No. 17) together is inter€»sting. It is 
evident that these could not have come by accident into the position in 
which they wore found, and it is virtually certain that they were placed 
by hand upon the small ledge in the side of the northern causeway. The 
flakes are of considerable size and weight, and of fine quality black flint 
which has been weathered white to a considerable depth. It is difficult 
to determine tlie use for which they were intended. They are irregular 
in outline and surface, though their eilges are still sharp and undamaged. 
It is possible that such lieavy flakes may have been intended to be used 
as digging tools, for which purpose they would he not badly adapted ; 
but no examples are as yet forthcoming from the site, and the 

suggestion is merely conjectural. They nmy have been purposely covered 
over at the time for concealment, and forgotten, or they may have been 
accidentally covered by loose earth falling from the causeway on to the 
ledge. In either case they have remained as originally placed. 

It is greatly to be hoped, if further excavations are undertaken, that 
the yield of implements may be greater, and that the examples may 
pre.sent more definite feature.^, so that the negative evidence afforded by 
the absence of metal, if it continues to hold good, may be hacked by 
positive evidence of Neolithic date from the nature of the implements 
discovered. For the negative evidence to be completely convincing, moie 
extensive exploration is necessary, and the very suggestive nature of the 
positive results so far o!)tained by Mr. Gray renders it highly probable 
that further examination may yield results of great importance. 

One point to which I may perhaps be allowed to refer here <arises out 
of Uie excavation of tlie ditch to its full depth. The bed-rock bottom 
presents a very rough and uneven .surface, and there does not appear to 
have been any definite attempts to create a level surface along the ditch 
bottom by filling in the hollows and levelling in other ways. It is of 
importance to note this, as it precludes the idea that the fosse itself may 
have been used for processional or other like purposes. The steepness of 
the causeway sides forming the ends of the fosse also points towards the 
same conclusion iis regards this matter. 

Report on th-e Human Skeleton found in the Stone Circle of Arbor Low 
in 1901. By J. G. Garson, M,D, 

The skeleton found by Mf. Gray near the centre of the Stone Circle of 
Arbor Low in August 1901 is that of an adult male. The bones are not 
in a good condition as regards preservation ; hence it has not be^n pos- 
sible to ascertain from them the probable stature of the individual more 
nearly than has already been done by Mr. Gray in his report. The upper 
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part of tlie brain-case, or calvaria, and part of the face, though much 
broken and very imperfect, especiaUy the latter, have been pieced together 
by Mr. Gray in a most creditable manner, so that it is possible to ascertain 
and determine the most important points in the morphology of the former 
fairly well. The muscular ridges are well developed, the glabella and 
brow ridges are well marked and continuous with each other, the most 
prominent part of the latter being over the inner third of each orbit. The 
tubera of the parietal bones are prominent, the curved lines on the 
occipital bone and the surface between them for the insertion of the 
muscles of the head and neck are well marked ; but the mastoid pro- 
cesses of the temporal bones are of very moderate size, or may even be 
regarded as small. As viewed from the front, the malar bone, which is re- 
tained on tlie left side, shows that the axis of the orbit slants markedly 
downwards ai; well as outwards ; the orbital processes are of moderate size, 
and the iut(?rorlnta^ width appears to have been of medium size. As viewed 
from behind, the lateral walls are seen to be nearly vertical but slightly 
converging, as they rise upwards, and finally curve over to form the 
vault with a flat or low arch. When viewed from above the outline of 
the calvaria is unsymmetrical in the occipital and posterior parietal 
regions, and converges slightly from the tubera of the parietals towards 
the orbital processes of the frontal with straight sides. On viewing the 
cranium laterally the profile outline of the mid-parieta] region is elevated 
and bulged upwards : this fulness extends from one tuber to the other, 
while the frontal region above the glabella follows a graceful curve back- 
wards and upwards to the bregma, and the occipital region is slightly 
bulged backwards and rounded. 

To reduce these general characters to actual figures as far as possible 
the following are the chief dimensions which the state of the cranium 
permitted me to determine : — Maximum length, 189 mm. ; maximum 
breadth, 148 mm. These figures give a ceplialic index of 78*2, which 
places it, as regards general form, above the middle of the mesaticephalic 
group (75-79*9) and shows that the individual when alive had a head 
slightly rounder than that of the average male of the present population 
of Great Britain, more brachycephalic than in some parts of the country, 
hut more dolichocephalic than in others. The ophryo- occipital length is 
185 mm., the point of greatest length on the occiput being the same as for 
the maximum length ; the projection of the glabella is, therefore, 4 mm. 
The minimum frontal breadth is 106 inra., and tlie maximum frontal 
breadth is 125 mm. ; the relative properties of these two measiirenients to 
the maximum breadth (the latter being taken as 100) is 71*6 and 84*5 
respectively. The biauricular diameter is l.*10 mm., while the auriculo- 
bregmatic arc is 316 niin. The horizontal circumference is 530 mm. ; the 
longitudinal arc, from the iiasion, over tlie bregma, lambda, and the 
occiput to the opisthion, is 377 mm. ; the base of the cranium being 
absent it is impossible to obtain the length of the foramen magnum and 
basio-nasial length to complete the longitudinal circumference. The 
length of the frontal portion of this longitudinal arc is 130 mm., that of 
the parietal 130 mm., and of the occipital 117 mm. ; while the chords of 
Wiese arcs are : frontal, 113 mm. ; parietal*, J117 mm. ; occipital, 97 mm. 
The relation which the arc bears to the chord may be expressed as an 
index to indicate the curve of the bone ; the chord being taken as 100, 
the frontal index is 115*0, the parietal index 111*1, and the occipital 
index 120*6. These indices show that while the curvature of the frontal 
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and occipital are about norma), that of the parietal is greater tlian usual. 
Little can be said about the characters of the facial portion of the cranium, 
as it is so imperfect. The palate is parabolic in form. The teeth are 
moderately worn down, especially the molars, and there is a slight deposit 
of tartar upon most of them. 

The osteological chiiractt*rs show that the individual was not of the 
type found in interments of th<» Ncolitliic period, neither do they point to 
his heing of the Mroiize Age type, though he wa.s more nearly allied to it 
than to the former. (Jn the other hand, there f»re no characters about the 
sfieeinien \vhi» h would preclude if.s being much more reci ‘lit - even that of 
a person interred only about a hundred years ago. The extended position 
in which the body had be«'n laid decidedly support.s tlitj view of the inter- 
ment lieing of more recent date than the Bronze period, to which I con- 
sider the weight of the evidenct* atlorded by the osteological characters 
also points. 

The Committee have special satisfaction in submitting the very 
careful and exact survey of the circle which Mr. Gray ha.s prepared, and 
the sectional diagrams of the excavations made under his direction. The 
former is undoubtedly the most complete surv'cy of the circle ever made, 
and will constitute a lasting work of reference for future investigations ; 
indeed, it has been prepared with so much care that there will bo no 
difficulty in constructing from it accurate models of the circle and its 
surroundings. The Committee recommend that the specimens found be 
eventually placed in the national collection in the British Museum. 

Mr. Gray has informed the Committee that about two to three weeks* 
further excavations of the circle on the lines hitherto pursued will be 
sufficient to complete the exjuninatiori of the ditch and rampart. Tho 
excavations made during the present year have been coniined to the west 
side of the circle ; ilie ea.stern half of the ditch and rampart have not been 
touched, nor have any of tin* external approaches which it is also desirable 
to excavate been exploretl. From personal observations (the circle 
having been visited during tJie explorations l>y tho Clmirnian, the Secre- 
tary, and Mr. Lewis) the CiJiiiinittee can confirm Mr. Gray’s statements 
to them, and are convinced of tho desirability of the work being resumed 
at the earliest pu.s.sible opportunity. 

The whole of the money granted by the Association has been 
expended, and the amount slightly exceeded in tlie work which has been 
done. 

The Cominittee apply to be r<?appointed, and ask that a grant of 40/. 
be placed at their disposal to carry on the inve.stigations which have 
proved to bo so succtrssful and hopeful in tludr results towards solving the 
somewhat disputed age of stone circles as regards Arbor Low. 


Explorations in Creto. — lleport of the Committee, consisiinfj of Sir 
John Evans, K.GM,, FM,S. {Chairman), Mf. J. L. Myres 
{Seeretarif), Mr. A. J. Evans, Mr. D. G. PIogautii, Professor A. 
. Macaustek, and l^rofes.sor W. 11h)GE\vay. 

In order to present the results of the season of 1901 in their proper 
bearings the Committee introduces its Report with a retrospect of British 
exploration in Crete, 
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Tho Cretan Exploration Fund was formed in 1899 with the object of 
assisting British explorers and the British School at Athens to investigate 
the early remains of the island, which from indications already apparent 
seemed likely to supply tho solution of many interesting questions regard- 
ing the beginnings of civilisation in Greece. To the furtherance of this 
work, begun in the spring of 1900, the grant of 145/. was made last 
autumn by the Britisli Association. 

Already in 1894 Mr. Arthur Evans had secured a part- ownership 
(completed last year) in the site of Kepliala at Knossos, which evidently 
contained the remains of a prehistoric building. Ej^avations, to which 
the fund has largely contributed, begun by him in 1900 on this site and 
continued during the present year, have brought to light an ancient palaco 
of vast extent, which there is every reason to identify with the traditional 
House of Minos, and at the same time with the legendary ‘ Labyrinth.’ 

The result of tho excavations of 1900 was to unearth a considerable 
part of the western side of this great building, including two large courts, 
the porticoes and entrance corridors, a vast system of magazines, some of 
them replete with huge store jars, and a richly adorned room, where 
between lower benches rose a curiously carvtjd gypsum throne, on which 
King Minos himself may have sat in council. The second season’s work 
has uncovered a further series of magazines, the whole northern end of 
the palace including a b;ith -chamber and an extensive eastern quarter. 
It was only towards tho close of this year’s excavations that what 
appear to have been tlie principal state rooms first came into view. A 
triple flight of stone stairs, one Hight beneatli another, here leads down 
from an upper corridor to a suite of halls, showing remains of colonnades 
and galleries. Tt was fit this interesting point that, owing to the 
advanced season, Mr. Evans was obliged to bring this year’s excavations 
to a close. • 

Apart from the architectural results already gained, the finds within 
tho walls of the palace have been of such a nature as to throw an entirely 
new light on the art anti culture of prehistoric Greece. Partly still cling- 
ing to the walls, partly on the floors of the cliambers, were found the 
remains of «a whole series of fresco paintings. Among these the full-length 
figure of the cup-hearer supply the first real portrayal of a man of the 
Myceiia»an age, while the miniature groups representing court ladies show 
a liveliness and expression far beyond any work of the kind in contem- 
porary Egypt. Allied to this brancli of art are the painted reliefs in ffesso 
duroy showing a force and naturalism for which no parallel can be found 
till the great days of Greek sculpture some ten centuries later. To the 
remarkable bull’s head discovered last year the more recent excavations 
have added parts of human figures, in which the muscles and even the 
veins are reproduced with a singular mastery of execution. 

The marble mouth of a fouiitaui in the shape of a lioness’s headand a 
triton shell of alabaster, together with many other beautiful stone vessels 
and architectural ornaments, also evidence the liigh level already attained 
in tho sculptor’s tirt. Among the minor arts represented is that of minia- 
ture painting on the back of crystal and iiitarsia work of ivory, rock- 
crystal, enamel, and precious metals, of which a splendid example Jhas 
been found this season in the remains of a royal draught-board. Other 
finds illustrate the connections with ancient Egypt and tlie East. Part of 
n small diorite statue from last year’s e.xcavatioris bears a hieroglyphic 
inscription fixing its date about the beginning of the second millennium 
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B.C., while a more recently discovered alabaster lid bears the cartouche of 
the Hyksos King, Khyan. A line cylinder of lapis lazuli, mounted with 
gold and engraved with mythological subjects, bears witness to the early 
connections with Babylonia. 

But of all the discoveries made within the palace of Knossos the most 
interesting is the accumulated evidence here for the first time afforded that 
there existed on the soil of prehistoric Hellas a liighly developed system 
of writing some eight centuries earlier than the first written Greek monu- 
ments, and going back six or seven centuries, oven before the first dated 
record of the Phicnitiau script. A whole series of deposits of clay tablets 
has come to light, many of the most important of them during last season’s 
excavations, engraved with a linear script, often accompanied by a decimal 
system of numeration. 

That these documents largely lelate to tlie royal stores and arsenals is 
seen by the pictorial illustrations with which the inscriptions are often 
accompanied. Others, in wJiich signs representing men and women fre- 
quently recur, probably contain lists of slaves or officials. Othera again 
of a different class may, perhaps, ultimately rev(»al to us fragments of con- 
ternpoi’ary records or the actual formulas of ^liiioan laws. 

Besides these linear tablets there was discovered a separate deposit of 
clay bars and labels containing inscriptions of a more hieroglyphic class. 
Although contemporary with the linear tabh^ts, the script on these is 
apparently of quite distinct evolution, and in all probability in a different 
language. The characters answer in fai't to the .sign -groups already 
ol)served in certain seal-stones mostly found in the east of fJ'rete. The 
hieroglyphs themselves present maiiy parallels to the presumed pictorial 
prototypes of Phccnician letters. 

Beneath the palace itself and the adjoining houses, and underlying 
the whole top of the hill, was also a very extensive Neolithic settlement. 
A detailed account of the exploration of this Neolithic settlement, the 
first of the kind uncovered in (.4reecc, will be communicated by Mr. Evans 
to Section H. The relics found, sucli as the small human figures of clay 
and marble, supply the anteredeiit stages, hithfu’to wanting, to the Early 
Metal Age Culture of the yEgean Islands. 

In addition to the assistance given to Mr. l^vans in his work at Knossos, 
the Cretan Exploration Fund has contributed towards various works of 
exploration in tlie island undertake*!! under the auspices of the British 
School at Athen.s. In 1899 the late Director of the School, Mr. D. G. 
Hogarth, excavated a s(*ri(*s of prehistoric Iiouses in the lower town of 
Knossos. He found in these many remarkable painted vases, showing that 
a highly developed ceramic art flourished heie already before the days of 
the civilisation known as Mycenjean. A large number of similar houses 
await exploration ; in fact, the whole plan of the early town could prob- 
ably be recovered. Mr. I f ogarth further successfully explored the great 
cave of Zeus on Mount Dicta, discov(;ring remains of a prehistoric sanc- 
tuary and large deposits of votive bronze figuro.s and other objects, among 
which the double axe, the symbol of the Cretan and Carian Zeus, was 
specially conspicuou.s. 

'During the present year Mr. R. C. Bosanquet, the new Director of the 
British School, has carried out an exploration of the site of Praesos, in 
the easternmost region of Crete, in historic times the chief civid centre of 
the original Eteocretan element of the island. The remains on the actual 
site of Praesos proved to belong to the geometrical and later periods. A 
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remarkable inscription was found, however, the second of its class, written 
in Greek characters of the fifth century b.c., but composed in the old 
Eteocretan language. Two sanctuaries with votive deposits also came to 
light, and the remains of a large public building of Hellenistic date, which 
may have been an ‘ Andreion * of the kind in which the Cretan citizens 
met for common meals. 

This season Mr. Hogarth has also been enabled by a grant from the 
fund to explore an ancient site at Zakro in the extreme east of the island. 
He has there uncovered a small Mycenjcan town with well preserved re- 
mains of the lower part of the houses and magazines, und a pit containing 
fine examples of early pottery. But the most important discovery was a 
deposit of clay impressions of Myccmean gems and signets containing 150 
types, some of them throwing a new light on the early cult of Crete. 
Among other subjects represented was the ^Minotaur, which also occurs on 
a seal impressioit "ecently discovered in the palace at Knossos. Further- 
more, some interesting cist-graves were found in caves about Zakro. These 
yielded incised and painted pottery of the pre-Mycena*an age, including 
types novel in Crete but familiar in Cyprus and Egypt. The general 
result has important bearing on the origin and history of Mycenajan 
civilisation in Crete. 

Other interesting sites, already previously secured for British excava- 
tion, remain to be explored. The Executive Committee of the Cretan 
Exploration Fund, however, are of opinion that, before devoting any sums 
towards breaking new ground, a sufficient amount shall be raised to enable 
Mr. Evans to complete his excavation of the palace of Knossos, a con- 
siderable part of the cost of which has already fallen on the explorer's 
shoulders. The large scale of the work, on which throughout the whole 
of last season *200 workmen were constantly employed, makes it necessarily 
costly, and in this case, hi addition to many other incidental items of 
expenditure, a great deal has to be done towards the conservation, and in 
some cases even the roofing-in, of the chambers discovered. It is estimated 
that a sum of between one and two thousand pounds will be necessary for 
the adequate completion of this important work. The unique character of 
the results already obtained i.s, however, so widely recognised that the 
Committee confidently trust tliat no financial obsincles will stand in the 
way of this consummation. 

Rejyort on Excavations at Praesos, in Eastern Crete, 

Praesos, the ancient capital of the aboriginal Eteocretans, lies high 
on the central plateau of East(U’n Crete. The excavations at Praesos, 
conducted in the spring of 1901 by Mr. R. C. Bosanquet, the Director of 
the British School at Athens, with the aid of INfr. J. H. Marshall and Mr. 
R. D. Wells, architect, did not- bear out the expectation that the 
Eteocretan capital would prove to have been a centre of IMycenean cul- 
ture. It is truejihat the Acropolis yielded a product of pure Mycenean 
art under singular circumstances. A large lentoid gem, with a represen- 
tation of a hunter and a bull, was found embedded in the mud-mortar of 
a late Greek house ; it must have been plastered in unseen along \^ith 
the ^rth from an adjacent rock- cut tomb, which had evidently been 
emj^ied by the Hellenistic builders. 

But no other vestige of Mycenean occupation was found upon the site 
Of the later city. The Waterless ridge, encircled by deep ravines, offered 
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nothing to primitive settlors. The earliest remains lie a mile away in a 
lateral valley near a spring. Here are several groups of megalithic walls, 
tlie chief of which was shown by excavation to be a sub-Mycenean home- 
stoud. Its strictly rectangular plan, its massive thresholds, the spiral 
ornamentation of large jars in its cellars, show that, whatever fate had 
overtaken the cities on the coast, a certain standard of good workman- 
ship had been their legacy to the people of the hills. Nearer the city two 
tombs of the same period were discovered : the one, a square chamber 
with adroinos, yielded parts of t wo painted /ar/mto, thoroughly Mycenean 
in design, a gold ring, a crystal sphere, parts of a silver vase, and a 
c]uantity of iron swords. The other was a well built bee-hive tomb, 
ditFering from the usual type in being entered through a vestibule : it 
contained an enormous mass of geometric pottery, an openwork gold ring, 
a bronze libula, and other objects in gold, ivory, and l^jgyptian porcelain. 
In the same neigh boui-hood a number of later tombs weri‘ opened, ranging 
from the geometrie period to the fourth century. Among the numerous 
geometric vases there are several new types, in particular a vessel in the 
form of a bird, and a slender jug painted with delicate white patterns on 
a black ground. The later graves yielded jewellery in gold, silver, and 
crystal. 

Prominent among the considerations which caused Praesos to be put 
upon the programme of the Cret.m Fund was the f.ict that an inscription 
in an unknown tongiK', presumably the Kteocretan, had come to liglit 
there, and the hope that others might be found. It was dug up at the 
foot of the Altar Hill, a limestone crag precipitous on three sides which 
dominates tlie south end of the site, and had probably fallen from the 
level summit, long known to the peasants as a hunting-ground for 
‘antikas.’ More fortunate than Profe.ssor ITalldierr, wlio made a small 
excavation here with the same object before , the Cretan revolution, we 
obtained a second and longer inscription of seventeen lines, and apparently 
in the same non- Hellenic language, close to the entrance steps of a 
on the hill top. It must have been a frequented place of sacri- 
fice, for the rock was covered several feet deep witii a deposit of ashes, 
burnt Vjoues, and votive <»tierings of bronze and terra-cotta. The terra- 
cottas, ranging from the sixth to tlie fourth century, are important as 
giving a glimpse of a local school of artists working in clay (for Crete has 
no marble of her own, and Praesos, at any rate, imported none) and 
possessed of an independent and vigorous style. The great prize is the 
upper part of an archaic statue of a young god, half the size of life ;• the 
head and shoulders are intact; the remainder has disappeared. An 
equally well preserved head, with fragmentary bbdy, of a couchant lion 
is a further revelation of early Cretan sculpture. The bulky fragments 
of another lion, lif<j-sized, later and feebler in style, prove the persistence 
of the local method. Among the bronzes there is a noteworthy series of 
votive models of armour, liclmct, cuirasses, and shields. The pottery 
shows that the Altar-hill was frequented from the eighth century onwards. 

By this time Praesos had probably liecome the religious and political 
centre of the district, a primacy for which it is admirably fitted by its 
position at a meeting place of valley. s midway between the two seas. The 
Acropolis was fortified, the water of the distant spring brought to its 
foot in earthenware pipes, and a small temple built on its summit. The 
upper slopes of the Acropolis, tliough much denuded, yielded two archaic 
bronzes. Trial -pits in the deeper terraces below revealed only Hellemo 
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thingd. plainly built housns of limestone, roadw.ays and cisterns, and a 
rubbish pit full of terra-cottas. A building larger and more massive tlian 
the rest was coftipletely excavated : it contains eight rooms and has a 
front seventy-five feet long. Outside the town two minor sanctuaries 
were investigated : one adjoining the spring already mentioned contained 
large terra-cotta figures of a goddess of quite new type. A survey of tlie 
whole site was m.ade by Mr. Wells, and a systematic exploration of the 
surrounding country by Mr. Marshall. 

Although Pracsos was barren of Mycencan remains, they are evident 
enough at Petras, on the modern harbour of Sitia, seven miles to the north. 
I made some trials hc*re in Jum?. Nine-tenths of the site has been ruth- 
lessly terraced by its Moslem owner, and would not repay a large exca- 
vation. The remaining tenth is occupied by cottages, and here under the 
roadway it was possible to unc<»ver one side of a large V^uihling containing 
pithoi and kanierv is vases. (3n the hill-top there remain a few foun- 
dations of a largo mansion, and outside the walls — for Petras is unique 
among early Cretan sites in possessing remains of fortifications — was 
found a rubbish heap of the n<»w familiar type, yielding whole cups and 
lamps and shreds of earthenware and steatite. Ten miles east of Petras, 
across the Ttano.s peninsula, is another early site, Palaiokastro, which has 
been sadly mauled of late ye.ars by clandestine excavation. In the course 
of one of his exploring journeys Mr. IVIarshall made a remarkable dis- 
covery hero. Heavy rains -the same that flooded Mr. Hogarth out of his 
quarters on the beach at Zakro — had exposed the corner of a very lino 
hirnax. The native diggers liad not noticed it, and he lo.st no time in 
securing it, and some line vases for the Candia museum. One of its four 
picture-panels represents a double fixe planted upriglit upon a column, an 
important illustration of the axe and pillar cults discussed by Mr. Evans 
in the ‘Journal of Hellenid Studies.’ 


TEe j\flr.rO'-chem!s{r{i of Ce/Zs . — Tteporf of ihe Cohiiniflto. consistintj of 
Professor E. A. S( ii.xfkk (CV<r/tV/7wi7?), Professor E. Kay Lankestkk, 
l^rofcssor W. 1). llALi.iniUTox, Mr. (t. C. Boikne, Professor 
J. J. Mackex/ie, and Professor A. B. Macwllfm (Secrefari/). 
{Dratrti up hif the t^cerdanf,) 

Tiik research of the previous year on the distribution of phosphorus in 
animal and vegetable cells was continued with the view of making the 
field of investigation ns large as possible. TJie results of those observa- 
tions cover a large number of details, but these, while corroborating the 
conclusions advanced in the last report on the subject, have not furnished 
*^ny additional generalisation which merits special mention here. The 
paper embodying all the results will, it is hoped, be ready for publication 
in a foAv weeks. 

Micro-chemidUl Localisation of Oxidases , — The work of tlie previous 
year on oxidases was continued, and etforts w’cre made to localise them 
mwro-chemically. After a considerable amount of experimenting with 
different leuco-compounds it was found that the reagent mixture recom- 
mended by Rohmann and Spitzer ^ for the detection of oxidising enzymes 

^xydations-Wirkungen tUierischcr Crvwebc,’ d. d, Chem. Ge:clL% 
ASyo, vol. xxviii. p. 667 
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ill extracts of animal tissues was of considerable service if used in dilute 
solutions on the protopliytan cell. It consists of a mixture of a-naphtol, 
paraphenyleiidiainin, and soda in the proportions by weight of 12, 9, 
and 10, and when freshly made should have only a slight yellow-red 
tint ; but on exposure to the air for some hours it gradually becomes violet 
and then blue, due to the formation of iiulo-phenol. The reactions which 
occur thus and in the cell mOiy be indicated as follows : — 

mi, 

( a ) + 0,0117011 + 0= NH +H ,0 

c,onoOii 

(b) NIf +0 =N +H.,0 

X, oil., OH - C,oIIoO 

When the reagent is poured on the fresh protopliytan threads and allowed 
to act on them for 20 IlO ininutes, or even for 2 II hours, the Huids in 
the cell .spaces (Spirof/t/nt, Ordotjoniintij iVc.) are often coloured violet 
blue, and contain small sheaves of tlie blue crystals of indo-phenol. 
This indicates the occurrence of oxiilising enzymes in the fluids of the 
cell spaces or cavities, but no coloration was found in the protoplasm 
itself or in the nucleus, and the chroinatophor itself gave only a very 
faint reaction in a few cases, except in the immediate neigh V)ourhood of 
the pyrenoids, when fniquently a deeper reaction was observed. That 
the blue reaction was not due to the diflusion of the colouring material 
from other points is indicated by the fact that indo-phenol, to which the 
blue colour is due, is almost insoluble. It is to be noted that in the 
report of last year the conclusion that the chromatophor contains no 
oxidising enzymes was based on the fact that .that organ did not appear 
to be affected when extracts of the enzymes were made by hydraulic 
pressure from the cells. Tliis conclu.sion, in > iew of the fact given*abovo, 
must now be considered untenable. The leagent was also employed on 
the Cyanophycea* to determine the presence of oxidases in these 11011 - 
nucleated forms, ami it was found that one is present in the peripheral 
coloured zone and its granules in these cells, but the * central body,' 
which is considered by some to be the homologue of the nucleus of the 
liigher forujs, is absolutely unaffc*cted, a.s are also its granules, by the 
reagent. The peripheral zone would appear to correspond to the cell 
fluids and chromatophor of higher Protophyta, while the ‘ central body,' 
so far as absence of an oxidase; is concerned, corresponds to the nucleus 
and cell protoplasm of Spiroypra, 

The reagent cannot be used to detect the peroxidases, so that the 
micro-chemical locali.sation of these; enzymes could not be determined. 
The difliculties in the employment of .solutions of guaiacum for this pur- 
pose on fre.sh cells, or even on alcoholic prcjparations of them, were found 
to be insuperable. 

The main point to be noted in all th<;se observations “Is that the oxi- 
dases are not components of the living framework of the cells, but are 
dis.^olved in the fluids which bathe that framework and circulate in the 
cell spaces and cavities. In consideration of the relations which these 
fluids bear to the surrounding media it would seem proper to regard these 
oxidases, not as enzymes, but as oxygen -carriers, playing the part intb^ 
cell mechanism that hwmoglobiu does in the animal body. 
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On fhe Nature of Ilasmoitiderin, — Dr. E. N. Coutts, under Professor 
Mackenzie’s direction, investigated the composition of htemosiderin from 
a micro-chemical point of view and ascertained a number of interesting 
facts. Me found that h£emosideriu of liver cells is different from that of 
the alveolar cells of indurated lung in regard to the way in which the iron 
is held, as well as in the chemical reactions of the basic material of the 
granules themselves. The iron of the hepatic hiemosiderin is in an 
inorganic form easily oxtr.actable with very dilute acids, and to a certain 
extent also by prolonged action of distilled water. The iron in hepatic 
ha*mosid(Tin is also n^adily demonstrated by acid ferro- cyanide solutions, 
or by ammonium sulphide almost immediattfly att(*r their application, 
this indicating that the iron is not tirinly bound in the substance of the 
granules. That it is inorganic is shown also by its reactions with pure 
dilute luematoxylin solutions. In the pulmonary haunosiderin granules 
the iron seems to he corabimul differently, yet in an inorganic form, prob- 
ably with a proteia body, for on digestion with artificial gastric juice the 
granules diminish in size and lose their iron. In both pulmonary and 
hepatic hsemosiderin granules the iron may bo e.xtracted, with the result 
that the colour, shape, and size o&the granules may be unchanged, but the 
residual matrix in pulmonary luemosidorin is much more readily affected 
by stronger acids than is the case with In^patic hamiosiderin. The residue 
in neither seems to show any chemical atlinities with hiematoidin (biliru- 
bin) or with hiematoporphyriii. 

The conclusion from these observations is that h.'emosiderin is not a 
chemical compound, that it is not uniform in com]>osition, and that it is 
for the most part a mixture of an inorganic iron compound with a brown- 
yellow iron -free substance. 

The Committee ask to be reappointed. 


The ChcniUiru of lloiio — Ldcnm HcjKrri of the Cominittee, 

consisting of IVolessor H. A. ScuaFLR {Chairinanf Dr. 11. Hutchi- 
son {Secret art/), Dr. LkoxaUd Hill, and Professor F. Gotch. 

Tins work of the Committee has been considerably retarded by the diffi- 
culty of obtaining a sufficiency of material for examination and analysis. 
A certain amount of progress has, however, been made in the estimation 
of tlie nucleins and nuclein bases in red marrow, and the investigation of 
the protcids has been bi^gun. So far (1) a histon and (2) a niicleo-proteid 
have been isolated, and the further investigation of these bodies is now 
being proceeded with. Hereafter it is ho])ed that the estimation of tho 
iron compounds in marrow will bo undertaken. 


The Morpholof/i/, Ecologi/, and Taxonoint/ of the Fodostemac€iv,~ 
Jteport of *tlie ConnniUee, consisting ojf Ib’ofessor ilARSilALL 
Ward {Chairman), Professor J. 13 . Pakmuu {Secretanj), and 
Professor P. O. Bower. 

Thr Committee report that the grant of 20/. made at tlie Bradford 
meeting of the British Association has been expended by Mr. J . C. Willis 
R 0 prosecution of the research above named. 
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Several districts of the Indian Peninsula Imve been travelled over, 
and Mr. Willis’ investij'.ations have thrown much light on the habits, 
dcvolopinont, avul attinities of tlio plants composing the Onler. 

The tirst instahnont of liis memoir, dealing especially with tlie classi- 
fication of the Indian forms, is nearly readv, and will shortly be followed 
by a second paper on the morphology and natural history of the species. 

As the object of the grant has now been fulfilled, the Committee^do 
not ask for reappointment. 


FerlHisnlum in the VhanpJnjcetv, — Tu^pnrf of t/it* Cornmiffee, rimsislintj 
cy* Professor J. P. Pakmkk Professor 11. W. PlllLLirs 

{SM'ciarii)^ Prulessor P. O. Bowi:i{, and JVofessor IIahvky 
Giiisox. ^ 

The Committee report t hat tlio grant of 1 ">/. made at tlie Bradford meeting 
has been expended by jMr. J. LI. Williams in connection with the above 
resea r(?h. *' ' 

^Ir. Williams* results are now practically complete, and will shortly 
be embodied in the form of a memoir. 


T/iO Injiuciu'c of the JfnoxrsUlcii on School Valucaiion, 

Bij the Rt. Rev. John 1 ’ ekcival , Jsord Bishop of lUrefonh 

The subject before us this morning, as I nm given to understand, is not 
the general influence of universities on national life and character, — a 
subject of the highest interest and importance, and nowhere better illus- 
trated than in Scotland, - but simply the consideration of sonic practical 
questions suggested by the relationship in which our ancient English 
universities stand to the education given in our secondary schools. 

And, although we are met on Scottish soil, and may very well hope to 
obtain some help and guidance from Scottish example, as I have no 
direct personal experience of the Scotch University system, though I 
possess a highly prized degree conferred by your most ancient university, 
I must be content to base my observations and suggestions exclusively on 
rny English experience. 

I even leave out of my purview the newer English foundations, such 
as the University of London, the Victoria University, the various 
university colleges of our great provincial cities, and that latest birth of 
time, the University of Birmingham. 

Ic is from no lack of appreciation that I do this, but partly because, 
as yet, the.se modern institutions do not exercise the same influence as 
the older universities on our general system of secondary education, and 
partly because, having so lately grown up under the pressure of actual 
local or national needs, they are not open to the same criticisms. " 

Our great English universities have till quite recently, as regards their 
direct action and influence, been to a large extent, we might almost say in* 
the main, the universities of the privileged and the professional classes. 
Within my own memory they were indeed virtually monopolised by those 
members of the Established Church who belonged to these classes or were 
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geeking ta enter them. To the mass of the people they were something 
vague and far off. 

Sixty years ago a distinguished (Jerman, in his description of them, 
said that their aim was to produce gentlemen, especially Tory gentlemen ; 
and I am noJ'sure that any of us could prove him to have been altogctlier 
mistaken. 

But for half a century the process of nationalisation has been going 
steadily if not rapidly forward. It has been and is the earnest desire of 
the men who inspire and direct our university life to make them national 
institutions in the best and truest and broadest sense of the term ; and 
they are, I feel sure, ready to give, sympathetic and favouraVde considera- 
tion to any criticism or suggestion which is likely to help towards this 
end. 

Thus I venture to think they will welcome the discussion by so weighty 
a body as the Bntish Association of these very practical questions : — 
How do our ancient universities act with special or directing or deter- 
mininj? influence on English school education ? And in connection with 
this influence are there any reforms which would he clearly beneficial? 

The answer to such inquiries has to be mainly sought through obser- 
vation of the examinations they conduct or require, the use they make 
of their endowments, and the type of teachers they train and send forth. 

Through its examinations the university largely determines the 
curriculum or relative amount of attention bestowed on different subjects 
of study in the schools that prepare for it. 

Tlirough its endowments and prizes it fixes the bent of study to be 
pursued by the most promising and ambitious students ; and finaUy, by 
the stamp it puts on the teachers sent out, their attainments, their 
tastes, their aims, opinions, and ideals, it sets the tone and tendency of 
both life and work in the wide field of school education. 

I. As regards examinations we have to look chietiy at — 

(1) Examination of schools or of boys and girls still at school. 

(2) Entrance examinations to colleges or to the university. 

('!) Examination of students during the university course. 

By their school examinations, such as the local examinations, the 
examinations of the Oxford and Cambridge Joint Board, and examinations 
for commercial and other certificates, experience shows that the univer- 
sities have done a very good and useful work, and they have done it in a 
liberal and progressive spirit. 

The committees charged witl) this work have been allowed a tolerably 
free hand ; they have sought the best practical advice, and they have 
aimed at consulting tin? n(?eds of different types of school, whilst careful 
to inaintain a rea.souabh^ standard of proficiency as a qualilication for 
their various certificates. 

If there are defects in any of the.so examinations the authorities of 
schools and public opinion are to a great extent responsible for their 
continuance. ' 

But when we turn from these outside examinations to the conditions 
of entrance to the university itself it must be admitted that we meet with 
some survivals that seem altogether out of date, and some obvious defi- 
ciencies that call for attention and reform. 

"^king the case of Oxford, with which I am more familiar, it is to be 

1 the examination known as Responsions or its equivalent is 

1901. Q Q 
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practically the wicket gate through which every student must enter the 
Univei*sity. The various colleges are £1*60 to admit students on their own 
terms with or witliout examination, but as a matter of practice it is 
usual for a college to ivtiuin^ the passing of liespoiisions either before 
cummcncemeiit of residence or in tht» course of the first term, so that for 
actual inlliionce on the oi*dinary curriculum of secondary schools we may 
disregard all qualif^dng entrance examinations except this one. 

What, then, dot's the University in this examination require of a boy 
fresh from scliool ? 

Turning to the examination statutes we find that every candidate 
desiring to pass Responsions or its equivalent examination has to reach 
the requisite standard of attainment in the following stated subjects, and 
in these only : — Latin, (Ireek, Elementary Mathematics. 

80 much for the subjects retjuired. But a glance at the papers set w'ill 
show' that as regards the literary portion of the examination tlie study 
encouraged is almost exclusively grammatical and of a very rudimentary 
type. 

The w’riting of elementary Latin jjrose, the translation of passages 
from one or two prepared hooks in each language, and the answering of 
questions on elementary gnimmar form the staple of the examination. 

Xo knowledge is requircfl of the art, or literature, or history, or general 
life of Athens or Rome, and little or no inquiry seems to be made even 
as to the authors or contents of the books sj)ecinlly ]>repared. 

The mathematical part of the examination i.s also open to criticism, 
though perhaps in a le.s.s degree. 

But the really surprising thing is that natural science still meets with 
no recognition, modern languages are ignored, and no questions are 
asked even as to the candidate’s knowleilge or ignorance of our own 
language and literature. Here, then, it must be admitted, is some room 
for expansion. We are even tempted to pause and inquire whether we 
have not stepped back into some earlier century ; and I venture to think 
that it would be difticult to point to any single educational reform which 
is more urgently needed or would be likely to produce a more wliolesotne 
effect on the teaching in our secondary schools than a reform of this 
examination. 

In the first place if it were made permissible to olTer certain equivalents 
in place of Greek, this single modification would bring our universities 
into touch with that large and increasing group of modern schools or 
modern departments in schools which are now suffering from lack of this 
connection. 

Tlie existing recjuirement of < rreek from every candidate, togetlier with 
the accompanying exclusion of modern languages and natu ml science from 
this examination, practically dissociates this whole class of modem ^hools 
or departments in .schools from direct university influence, and the effect 
is found to lx? specially unfortunate in the modern departments of the 
larger secondary schools. 

Whatever may be a boy’s ultimate aim or profes.sion dt business in life, 
if his intention is to pass through the university these conditions amount 
to n warning that he had bettor avoid a modern school or modem depart- 
ment. 

Consequently such .schools or departments arc very liable to become 
the refuge of the dull or tJie idle or those who are preparing for nothing 
in particular, so that standards of effort and attainment are inevitably 
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lowered. In drawing attention to the consequences of these antiquated 
university arrangements I desire to say that I am not raising theoretical 
or hypothetical objections to them, but .simply speaking of what I have 
seen and known in fmo school and another ; indeed, I would claim that 
throughout this paper I h.ave been careful to boar in mind the old 
Newtonian example which is, f imagine, sometimes disregarded even at 
the British Association, ‘ llypcitheses non fingo.' 

Thus, as the result of my personal experience, the first reform I 
would advocate is that Uesoonsions without Greek should be made an 
avenue to a university degree for all candidates who can reach a good 
standard of attainment in certain equivalent subjects of study. 

8o much for our first change in the direction of liberty of choice. 

We may now go on to consider whether or how far any other changes 
would effect some improvement in the kind and quality of ordiiiary school 
education. 

So far as the school curriculum is influenced by this examination, with 
its rigid exclusion of everything but elementary mathematics and the 
grammatical study of tw’o dead language.s, it must bo obviou.s that it would 
bo improved by an infusion of subjects and methods, the greatest of all 
needs in our English education being scientific methods, that would help 
to develop such qualities as observation, taste, thought, and interest in 
the world around us. 

W'ith this view I venture to put the question whether the following 
scheme of requirements on entering Oxford or Cambridge would not 
constitute a reasonable substitute for. the present Besponsions or 
Little Go ; — 

1 . Latin. — The examination to include the translation into English of 
easy unprepared passages, find also some questions on a selected period 
of Roman history and literature. 

2. Elementary matheniatias. — More attention to be given to scientific 
arithmetic and to easy original work in geometry. 

3. The elements of natural science and scientific method. 

4. An elementary knowledge of either French or German or Italian. 

f). English. — The examination to include — 

(«) English composition. 

(h) Questions on some period of English history and literature. 

G. Greek. — The examination to include translation into English of 
easy unprepared passages and also some questions on a selected period of 
Greek history and litc^rature ; or 

6a. French, or German, or some branch of natural science. — The 
standard required to be such as to show that the candidate is fitted to 
enter on an Honour Course of university study. 

It would bo neasonable that any student who had passed in three of 
the six subjects here required should be allowed to commence hi.s residence 
in the university on condition that ho pass in the remaining three before 
admission to any other examination in the university course. As univer- 
sity study tends to become more specialised it is all the more necessary 
hus to secure at the outset a good preliminary liberal training. 

^ Such a scheme as is here indicated would do this, and it would exer- 
Pise a most wholesome influence on school education generally. On the 

.G G U 
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one hand it would compel all schools preparing students for the univer- 
sities to give a fair share of attention to modern and scientific studies, 
and more attention than is generally givo»i to our own language and 
literature ; whilst it would at the same timc^ interpose a clieck on the 
mischievous tendency to preinal lire spt'oialisation of study whilst a boy is 
still at school. 

To these suggestions T have to add one more. 

This examination, like some others at- the university, is a purely 
* pass ' examination, in whieh no opportunity is olfered to the candidate 
of winning any honours, and no mark of distinction can be gained by 
work of unusual merit. 

In my judgment the continuance of any such pass education is 
educationally a grave mistake, and 1 desire to see it made a rule that 
the university will give marks of distinction for woi’k of superior merit 
in every cxainination which it conducts. 

The reasons in favour of such a change are sufficiently obvious, the 
surprising thing being that the pass examination, with its corresponding 
type of university stinhuit known as the ‘ passman,’ should have been left 
to survive into the twentieth century. 

A standard which every student is reejuired to reacli as a preliminary 
to further instruction or as the f|ua]ification for a degree which is under- 
stood to be within reach of any person of r)rdinary intelligence is, of 
necessity, a comparatively low standard. 

It represents the minimum of attainment qualifying for a certificate, or 
diploma, or degree. Not to wyi it is to be a failure. 

The natural result is that a large proportion of the students who offer 
themselves for examination, and are, in fact, capable of reaching a con- 
siderably high level of attainment, are content to aim at a minimum 
instead of a maximum standard. This in many cases means the loss of 
intellectual interest at the very time when it ought to be cherished and 
stimulated, a loss wdiich dcgonerate.s in not a few instances into down- 
right idleness and waste. 

The pity of it is that many of those to whom the preparation for a 
pass examination, in wdiich failure i.s discreditable and success no honour, 
is irksome drudgery would become keenly interested in the very study 
which is now a weariness if their ambition were roused by the hope of 
some distinction to be won in connection with it. 

So, then, I plead for such changes as I have here suggested in the 
belief that the effect would be to send a fresh stream of intellectual 
activity through many of our scliools, to give a fair field to modern and 
scientific studies, and to draw out the undeveloped capacities, the dormant 
faculties and gifts of many of our boys and young men, whili^t doing no 
harm to the traditional classical culture of citlier hchool or university. 

It may possibly bo alleged in some quarters that my proposed require- 
ments would lay too heavy a burden on many candidates for admission. 

The argument will no doubt be used tliatby requiring an acquaintance 
with so many subjects we should overweight the learner or reduce the 
knowledge of each subject to a superficial smattering. It is better, we 
shall be told, to concentrate and make the standard to be reached in any 
subject studied a fairly high one, and thus give some real mental 
discipline. To this familiar line of argument a sufficient answer is not 
far to seek. In the first place the candidates, as a rule, are at least 
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eighteen years of age, so that they have had a considerable period for 
preparation ; and it is open to question whether the present standard of 
knowledge attained is in all cases a very high one, or one that guarantees 
any great amount of valuable intellectual training. Even within the 
narrow field of the present examination a large proportion of the 
candidates would, I fear, be sorely puzzled by very simple riders on the 
lirst Book of Euclid, or by any straightforward piece of narrative in 
Thucydides, or ilerodotus, or Livy, or Tacitus, which they had not seen 
before, to say nothing of Horace or Virgil, Sophocles, Homer, or Plato. 

The fact is that no experienced person looks upon these university 
requirements ;is in any s^mse representing what candidates of eighteen 
years of age about to enter on a university course ought to have studied. 
Xeitlier does any exj>erienccd .school teacher doubt the capacity of the 
ordinary boy or girl, if properly trained in habits of industry and atten- 
tion, to sufficiently master my schedule of subjects. To trie plea that, the 
present limits range of subjects being so inditTerently mastered, it 
would be folly to widen the range, the real answer is that the English 
schoolboy is, as a rule, a very practical j)eison. He lias no great 
ent]iusia.sm about learning for learning’s sake ; he has come somehow to 
understand tliat a certain minimum will serve his purpose when he 
presents himself at a college in O.xford, and si> his mind is quiescent in 
front of his Xenophon, or Euripides, or Virgil, or Euclid, or it is occupied 
with other things. 

He is commonly de.sci ibed as an idle boy, ])ut this, I venture to think, 
is a misnomer. 

(Jive him a practical motive for learning, extend the range of his 
practical interest in subjects to be studied, stir his practical instincts, 
rouse his personal ambition by making it clear to him that he may win 
some distinction in sucli aqd such subjects for which he has shown some 
aptitude or ability, and he sets his mind to work and learns what is 
required of him with an amount of success which is not seldom a surprise 
both to him.self and to his teacher. 8o experience shows us to what an 
extent our antiejuated educational arrangements leave capacity un- 
developed and let young lives run to waste. 

My concluding observation on this subject of examinations is that I 
should prefer to see the examination of secondary schools retained, as far 
as possible, within the circle of university intluenco. 

Even in the presence of tlie right honourable gentleman who presides 
over us this morning I must pluck up courage to say that 1 should regi-et 
to SCO it e.stabli.shed exclusively at Whitehall. My hope is that whatever 
reforms are instituted the headquai ters of this work may somehow be 
maintained in ooimection with our universities, so as to secure that the 
nien who examine may be familiar with the current work of both school 
and university, and, as a rule, men who either an> or have been tliem- 
selves engaged as tc*acher.s. 

II. I now turn to the influence exercised through university or college 
endowments. This part of the subject is of such importance that it 
nnght advantageously be considered by a fresh university commission at 
no very distant date, experience having shown that the reforms of previous 
stand in need of some further revision. 

. , system of election by merit or unrestricted open competition, 
ridding us, as it has so largely done, of a system of patronage and privi- 
lege and arbitrary preferences has brought great benefits to English life ; 
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but ill regard to educational ondowineuts, both at school and university, 
it is now seen to have been made in some respects too universal and 
absolute. 

One result of our present system is that prizes go too exclusively to 
the well-to-do. 

A considerable proportion of the endowments both at school and 
college, given as scholarships or exhibitions, is enjoyed by those who do 
not need such pecuniary assistance. Tlicre is consequently a certain 
amount of waste whicli might Ik' avoided. 

But a much stronger objection to this unrestricted competition is that 
the endowments in many cruses thus become the rewards, not of the most 
promising ability, but of the most elaborate anil expensive preparation : 
‘ To him that hath shall be given.’ 

These considerations suggest tliat, whilst the principle of open election 
by merit should be scrupulously maintained, the value of open scholar- 
ships and exhibitions, both at school and university, should be consider- 
ably reduced, and the amount thus saved should form a supplementary 
exhibition fund out of which the authorities might increase the emolu- 
ments of every meritorious scholar so elected who applied and gave proof 
that his pecuniary circumstances were such as to call for this addition. 
They suggest, further, that there sliould be some modified return to the 
allocation of endowments to districts (the poorer country districts, which 
are sometimes the birth-places of boys and girls of talent, having specially 
suffered by the reforms of the last half-century), care being taken so to 
arrange the allocation as to encourage and cultivate ability and to give 
that further and general intellectual stimulus which is given by arousing 
local interest and enlisting in the cause of educational development the 
spirit of local patriotism, thus stirring a good deal of intellectual ambition 
which now lies dormant. 

The ancient country grammar scliools, owing to their (Muinection with 
some college at Oxford or Cambridge, undoubtedly exercised in their day 
a stimulative intellectual influence w'hich has been to some extent lost in 
some rural districts of late years. 

Looking, then, to the neetls of our rural districts I venture to put it 
forward as a suggestion which deservc;.s favourable consideration that not 
less than 5 per cent, of the funds now awarded at Oxford and Cambridge 
in scholarships .and exhibitions might Ikj formed into a ‘ county scholar- 
ship fund,’ and offered in due proportions to the various counties on 
condition, in every case, that the county educational authorities provide 
an equivalent sum for the same purpose. 

These .scholarships to be confined, in the first instance, to candidates 
born and educated in the county, and to bo tenable in any college of 
either university. 

Now that the TTonour Scliools of the university are thrown open to 
women, a fair proportion of these scholarships should be made available 
for girls. 

I commend this suggestion to the universities as reasonable and 
prudent mode of casting their bread upon the waters. The result could 
hardly fail to be a wide extension of their influence, tending^ to make 
them more truly national, whilst it would give a considerable stimulus to 
intellectual interest, culture, and progress in every district thus aided. 

My other criticism on the present use of endowments has reference to 
the premature specialisation encouraged and fostered by the offering of 
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scholarships for special subjects. The scholar elected for proficiency in 
classics and mathematics combined, and prepared to read for double 
honours, is said to be almost extinct at Oxford, whilst the literary critic 
complains that in some cascis scholarships in mathematics and natun I 
science are awarded to candidates who are almost entirely destitute of 
the elements of a liberal training. 

It may, I fear, also be said that history scholarships are at times 
awarded to boys who have been diverted to exclusive reading of history 
at a time when they would have been better employed on the general 
curriculum of school work. 

And it might even be urged that in many schools the classical training 
is little more than a sort of old-fashioned specialisation on the learning 
of two languages, witli very little of that training of thought, or taste, or 
faculty which woukl be given by an adequate amount of attention to a 
wider range of subjects, and, what deserves to be specially noted, with no 
training at all iii scientific method. 

Whatever force there ni/iy be in these vaiious allegations, it must be 
obvious that, in so far as premature specialisation is thus encouraged by 
the universities, their influence on our schools is being exercised to the 
detriment rather than the encouragement of a truly liberal and well 
balanced educational system. 

On this theme I desire, in conclusion, to suppoiii what I have been 
saying by calling into the witness-box a very distinguished living authority 
who can speak to you from a direct personal experience of both school 
and university education (extending over half a century — Dr, Butler, the 
Master of Trinity College, Cambridge, and formerly Headmaster of 
Harrow. 

In an address published about a year ago he says : ‘ A new creed 
seems to have reached us from some unaccredited educational Mecca that 
man lives by literature or science alone, and that schools live by scholar- 
ships. 

‘There has arisen in our schools a modem Polyphemus, one-eyed, mis- 
shapen. Under his new name of specialisation pupils and teachers bow 
down before him, cultivating exclusively just one part of the mind and 
one only, and that sometimes the least social and the least human, as if the 
boy were made for the subject of study and the emoluments attached to 
it, and not the subject and its emoluments for the boy. 

‘ It is, for instance, one of my privileges,’ he tells us, ‘ in the college of 
Newton, and Bacon, and Tennyson to have a share in conducting entrance 
scholarship examinations. 

‘ In connection with one of these examinations I take up the English 
essay paper or the paper of general questions which by a recent and 
refined. barbarity, sanctioned as yet by only a few colleges, all the candi- 
dates at Trinity are now obliged to attempt, and the English work shown 

by a considerable proportion of the candidates is simply appalling.' 
ouch is the description given of candidates for the prizes offered by the 
greatest of Cambridge colleges, and we may fairly ask. If this is the green 
tree, what of the dry ? 

‘ I know,* he adds, ‘ from happy experience the excellent English which 
inany schoolboys are able to write. But in the essays I have in my 
noughts you can detect, after the kindliest search, no mind, no arrange- 
nien^ no substance. It would seem os though no topic had an interest 
or the writers, and that they had, so far in their lives, found almost 
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nothing to tliink, to feel, to say. And wlio, as as a rule, lire these un- 
fortunates 1 They are the boys who liave been sj>eoialised^ in that 
modem phrontistorion which pre|>nre8 tJioin to win scholarships in special 
subjects.* And these subjects, it must Ih^ confessed even here, ai^ generally 
mathematics and natural science. If time permitted I might extend 
my quotations from Dr. Butler's criticism, a criticism which cuts in 
various directions, like a two-edged swurd ; but I must l>e content to 
note his practical conclusion : ‘It si^ems to me tolerably certain,' he says, 

‘ that we must ere long reconsider our met hods, and, if the phrase may 
be permil.tfd, redistribute our brilies/ 

My obscrviitii>ns on the topics already dealt with have run to such 
length that I must not tax your patience farther. I therefore limit what 
I have to suggest on th** intlucnee exercised by our universities through 
the training of teachers to a few brief concluding words. 

As a rule the authorities of secoiulary schools prefer to employ univer- 
sity graduates in all biMiiches of school education, and it is most desirable 
that this preference should b(‘ encouraged and assisteil by every possible 
means ; for there is no better service which the universities can do to the 
nation than that of training aiui sending out highly ({ualitied teachers. 

And yet till <iuite recently no attention has beem given to this aspect 
(»f their work apart from the general c«)urses of study which are provided 
equally for men who are looking forward to other professions or to no 
profession at all. 

It may possibly be argue<l that it is not the business of the university 
to give ptedagogic any more than medical, or legal, or industrial, or com- 
mensal, or any oilier form of t<*elinological training. 

This, however, is only partially true, seeing that in the first place a 
university cannot properly fultil its function as a teacher of its own 
students so long as it continues to give no training in the art of teaching, 
and in the lext place the relationship in w'hich the universities stand to 
school education is entirely different from their relationship to the various 
professions and occupations of later years. 

Thus we may fairly argue that it is high time? f«>r our ancient univer- 
sities to give more special attention to educational methods, and more 
encouragement than has hitherto been given to the selection of such 
courses of study and such combinations of subjects as will form the best 
equipment for that large Ixxly of students who year by year go out direct 
from the universities to the work of teachers in secondary schools. 

I plead for these various reforms on the ground that, whilst pouring 
a stream of fresh life and interest into many of our secondary schools, 
they would involve no interference with any of the higher functions of 
our universities, no undue dissipation of energy, no lessening or lowering 
of their work as homes of learning and research. Such changes would, 
on the other hand, bring an extension and deepening of their influence in 
the general life of the people, making them more truly and more fully the 
universities of the nation, instinct with larger and more vigorous 
activities, and bringing them nearer than ever before in our day to the 
realisation of that ideal which a great English writer saw in his dreams 
when he said : 

‘ A university is a place of concourse to which a thousand schools 
make contributions. She draws the world to her like ancient Athens, 
and sends out her literature, her preachers, her missionaries into the 
world. 
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‘ A university is a place which wins the admiratiofi of the young by its 
celebrity, kindles the afiTcfction of the xnidclle-agecl by its beauty, and 
rivets the fidelity of the old by its associations. It is a seat of wisdom, 
a light of the world, a minister of the faith, an alma mcUer of the rising 
generation.' 

So, with much more to the same effect, wrote John Henry Newman ; 
and it is just because I desire to see our universities maintain and extend 
their marvellously fascinating and attractive influence as the nursing 
mothers of all that is best and most illuminating and most powerful in 
our national life that 1 press for the reforms I have ventured to advocate 
in this paper. 

For convenience and clearness it may b(^ well that I should briefly 
summarise the chief suggestions I liave ventured to make. 

A. Examinafiotut, — 1. The extermil examinations conducted Ijy the 
universities won id in many cases be better and more valuable if made 
more concrete and practical. 

2. In the entrance examination to the university (Responsions or 
Little Go), 

(a) Candidates should be free to offer some suitable equivalent in 
place of Greek. 

(h) Some other much needed improvements should be introduced, c.y. — 

(i.) An elementary knowledge of natural science and of one modern 
language should bo made obligatory on all candidates. 

(ii.) Ability to write English should bo tested, and a knowledge of 
some period of English history and literature should be required. 

(iii.) The examination in Latin or any other language should include 
questions on some period ^f history and literature, and on the subject 
matter of any prepared books, together with the translation of easy 
passages from authors that have not been prepared. 

(iv.) Candidates should not be excluded from residence before passing 
this examination, nor should they be required to pass all subjects at the 
same time, but the passing in all the parts of this examination should be 
a necessary preliminary to entry for anv other examination required for 
a degree. 

(v.) It might reasonably be made a rule that no scholar should enjoy 
the emoluments of his scholarship until he had passed this examination. 

(vi.) Marks of distinction should be given for work of superior merit in 
this and every other examination conducted by the university. 

B. EnfJownifnts. — 1. The value of open scholarships and exhibitions 
should be considerably reduced. , 

2. The money thus saved, or part of it, should be given in auginentii- 
tion of scholarships held by poor students. 

3. A fair proportion of scholarships should be awarded for excellence 
in a combination of subjects. 

•11 scholar should be allowed to receive any emolument 

till he had passed llcsponsions. 

t). A percentage of the endowments now awarded as entrance scholar- 
ships (say 5 per cent, or more) should be distributed over the country as 
county scholarships on condition that the county raised an equivalent 
sum in each case ; and a due share of these should bo allotted to girls. 
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C. Training of Tmchn^s. -X. There should bo ostabliabeci in each 
university an Honour School or Tripos specially suited for those who 
are to take up the profession of teiiching, and (]ualifying for the d^ree 
ofB.A. 

2. The establishment of such a .scIuk)! woubl carry with it the pro- 
vision of adequate professorial and other instruction in the subjects 
required. 

The Tcitching of In S>'hooU, — Report of iha Com-^ 

ml(it‘t\ rontilsflng of Dr. J. II. (iLADSTOXE (J 'hair man) ^ Professor 
H. K. AKM.sTKOMr {Srrrvtti nj)^ Lord AvKHi’Jtv, IVofessor W. II. 
Dlxstax, ill*. CiKoiuiK (ii.ADSToxE, Sir PifiLir MAUXue, Sir 
H. K. JI0.SCOE, Professor A. SMirniOLLs, and Professor S. P. 
Thompsox. 

ArPEN'Dix. — Irish .yaiunnil : Object fsVSMns and Elementary Si‘U' nee 464 

For a number of years past your Coininittee have given a tabular state- 
ment showing the increased attention which has been devoted to instruc- 
tion in natural aiul experimental science from year to year. Up to 1890 
the Uovermnent Code of regulations for day schools was so framed as 
practically to exclude such teaching. Schools were at that time limited' 
to two so-called ‘class subjects/ which were specifically defined as 
‘English, (Geography, Hist<»ry, and Elementiiry Science,* and of which 
‘ P^nglish * must be f»ne. Of the other three ‘ Ocography * has always been 
the most popular, and ‘ Elementary Science * was tiie least so. Hence, 
ill the yejir 1889 90, the number of school departments in which English 
was taken amounted to no less tlian 20,304, while Elementary Science 
was taught in only 32. At that jieriod the instruction in English was 
almost exclusively confined to grammatical exercises, and that in 
Geography to tof»ographical detaiKs. Nowadays l>oth terms are to be 
underst<KKl in a much broader and more scientific sense. At the period 
above named a free choice among these .subjects was given, and the pre- 
ponderance oi English grammar began to decline, and has continued to 
do .so ever since. In 1890 91 the figures for English and Elementary 
Science were 19,825 and 173 respectively ; in 1891-92 they were 18,175 
and 788 ; the table given below will show the comparative figures each 
succeeding year to 1899-1900. Object lessons were made an obligatory 
subject of instruction in the three lower Standards from September 1, 
189C, and hence the rapid rise in the two succeeding years; they then 
became merged into the general term of Elementary Science, and, follow- 
ing the terminology of the Code, may sometime.s bo included under the 
head of Geography, which may account for the reduced numbers for 
Elementary Science in the last two years of the table : — 

****2-93 1893-91 1894-95' 1895-96 1896-07|l897-98jl898-U9i 

English, . , 17,394: 17,082 116,280 1 16.;i27 14,286 13,466 13, 194| 12,993 

Geography , , 1 14,266 15,260 ' 16,702 i 16,171 16,646 17,049 17,872| 18,682 

Elementary Science 1,073 1 1,216- 1,712 1 2,237 2,617 2,143 ,«oga 

Object Leiwns _ — ! 1,079 8,321 21,8821/®*’™^^®*”*“ 
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A still greater change in these figures ivill probably become apparent 
next year, as the terms * class subjects ’ and ‘ Elementary Science ’ are 
removed from the Code, and this branch of instruction is covered by the 
term of * kissons, including object lessons, on Geography, History, and 
Common Things/ The number of departments in ‘schools for older 
scholars’ for the year 18U9~1900 was 23,214, so that English Grammar, 
which ten years previously was taken almost universally, is now taken 
in little more than oncdiaif of these ; Elementary Science, mainly in the 
form of object lessons, being taken instead. 

In last year’s Report your Committee gave the number of scholars 
qualifie<l for grants in specific subjects as compared with the number of 
scholars presented for examination in these several subjects in former 
years. It sccined to indic<ate that the abolition of the system of indivi* 
dual examination had been received with great favour by school managers 
and teachers, and that the work of tlie upper Standards had been more 
largely devoted to this brancli of instruction. The returns for tlie year 
1899-1900 appear to show that the spurt caused l)y the change in the 
plan of assessing th<^ grant has not been fully maintained, every subject 
showing a fallirig-olF as comj)ared with the previous year, either abso- 
lutely, or relatively to the number of scholars in the upper Standards. 


Siweific 8u1)jei t» 


Sclioliirrt qualified for Grants 






1899-1900 

Algebra 



ni.isd 

109,351 

Kiiclid ...... 



5,932 

6,208 

Mensuration 



24,818 

24,432 

Meclianics 



50,324 

42,534 

Animal Physiology . ,• 



41.244 

36,810 

liotany ...... 



8,833 

8,905 

Principles of Agriculture 



1.11)3 

1,166 

Chemistry 



14,737 

13,557 

Sound, Tiiglit, and Heat 



1.943 

1,733 

Magnetism and Electricity . 



7,597 

7,02<{ 

Domestic Econoiiiy 



95,171 

87,518 

Totals . 

• 

• 

353,378 

339,237 


The figures for 1898-99 gave oO’T as the percentage proportion of 
scholars (qualified for grant as compared with the possible number of 
students. Those for 1899-1900 gave a percentage of only 45*1. It does 
not necessarily follow, however, tliat the ultimate result is to be regarded 
as unfavourable, for it appears that the amount of time given by the 
scholars individually during the year has been raised from about fifty-two 
to sixty hours. 

The aggregate number of scholars in the Evening Continuation Schools 
taking subjects df instruction more or less scientific in their character has 
not varied much in the year 1899- 1900 from that of the previous year’s 
considerably less than in 1897-98, as the following 
J»ble will show. The fluctuation in the individual items is, however, 
larger than might have been expected from the close approximation of 
the totals, and would rather seem to indicate a want of continuity in the 
course of the studies. 



j Scionco SubjocU 

i 

Number of Heho1ar» 

i f 



j 

i 1868-00 

1 1800-1900 

' - ... - — ■■■ 



. ■ ■ 

^ 

1 Euclid 

1.031*1 

1 1.525 

i l/iJO 

) 1,801 

! Algebra 

7,H»7 

0.006 

7,4;i2 

7.247 

: Mensuration 

27.388 

! 20,006 


; 23.000 

j Elementary Physiography 

3.712 

•I.S07 

4,213 

i 3,582 

Elementary Physics arul Chemist ry 

3.135 

2.*.M)2 

3.116 

3,497 

Domestic Seieiice .... 

.... 

117 

142 

471 

Science of Coimnon Things . 

lo.oid 

13.S71 

11.400 

11.418 

Chemistry 


tl.aOO 


6.704 

Mechanics 

i.ihi.'i 

M20 

087 

1,2.52 

Soumi, Light, and Heat . 

720 

M3 

437 

:105 

Magnetism and lOlcetrieity 

3.S31 

3,007 

3.005 

3,244 

Human Physiology 


0.237 

4,2*.m; : 

4.610 

Hygiene 

.3,170 

4.(n;2 

3.276 i 

3,228 

IJotany 


70:i 

507 : 

718 

Agricidfnre 


2.300 

1 .S2»> 

1,847 

Hortii'iilfure 

J.tiCl 

1,351 

l,;i50 

J.5II 

Navigation 

t;s 

37 


US 

Ainbulanee ..... 

b.t tst; 

13,030 

12.080 

14,838 

Domestic Keor.oiny 

1 

23.271 

10,015 

18.068 

Totals . 

107,012 

120.7 0^ 

10<1,665 

108,228 


Tlio alterations whieh have i»een made in tlii.^ year’s Cislo for Enf^lam 
and Wales, beyond embodying last year’s Minute establisliing Highe; 
Elementary Schools, consist mainly in the abolition of the schedules o: 
instruction ; teachers are thus left free to adopt whatever course of stud^ 
they think best, or to folhivv in<»re or less closely the specimen scheme! 
which have? Vieen issued by the Bi)ard of Education for their guidance 
and \vhich were referred to in last year’s report. In the matter of Ifighei 
Elementary Schools very little progress has been made. The School 
Board for London and many of tho*e in the larger provincial towns 
proposed to put their Higher (Jradc Schools under the Minute, but very 
few of tlieir propositions have yet been approved by the Board ol 
Education ; the net result is that some halLdozen or so of schools which 
were recognised as Organised Science Schools under the Science and Art 
Department liavc been transferred to the Whitcdiall Board as Highei 
Elementary Schools, and are <loing under tlie Minute very similai 
work to what they w'ere doing before. Only one or two new schools 
have been opened as such. If the Sch«K>l Boards in England and Wales 
had the same freedom of adapting their schtjols to tlie special requirements 
of the locality that is enjoyed under tlie Scotch Code, many more of the 
Higher Grade Schools would ere this have been working under the Minute. 

There has been considerable discussion between the School Board for 
London and the lioard of Education as to the reijuirement by the latter 
of fully equipped Chemical and Physical Laboratories for the first and 
second years’ scholars in these Higlier Elementary Schools, as well as for 
those of the third and fourth years. To comply with the conditions of 
thet Minute the children will have to be entered at about eleven years of 
age ; and the School Board contend.s, and in this they are supported by 
the opinion of eminent authorities, that special laboratories and elaborate 
apparatus are not needed during the first two years, and that such would 
be harmful rather than otherwise. Tin? School Board maintain that 
their proper function is to provide for these younger scholars practical 
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instruction in the rudiments of Science suited to their age and capacity, 
which can be illustrated by simple experiments in their ordinary class- 
room even better than in an expensive and highly organised laboratory. 

Much difficulty is experienced by the School Bbard for London in 
obtaining teachers of experience. On this matter Lord Reay made the 
following remarks in his last annual address : ‘ The subject of the 

training of teachers is so important that I should not be justified if I did 
not allude to it. This J3oard has taken great care in providing better 
opportunities for training ex-pupil teachers and pupil teachers, and I 
trust that the increased facilities we asked for training our ex-pupil 
teachers for the Certificate Examination will be granted by the Board of 
Education. The Board had reason to lielieve that in too many cases the 
view of the teacher in giving a Science lesson was too exclusively confined 
to simply imjiarting isolated facts of Science to the scholars. It accord- 
ingly arranged courses of Pedagogical Lectures, confined to teachers 
capable of profiting by them, for the purpose of improving the methods of 
instruction in the practical teaching of Elementary Science. I believe 
tliat these lectures have already r<‘sulted in materially increasing the 
efficiency of the instruction, and that with the help of suggestions contained 
in the reports receivecl fi*om Dr. Kirnmiiis, of the Technical Education 
Board, these lectures will be of increased value in still further improving 
the methods of Science instruction in seliools of the Board.’ The Board 
of Education at South Kensington have also arranged that ‘ a limited 
number of teachers and of students in Science classes under the Board 
who intend to become Science teachers are admitted free for a term or a 
session to the Sessional Courses of Instruction in the Royal College of 
Science.’ The London School Boanl allow leave of absence to any of 
their teachers accepted for this course of instruction. 

A Departmental Committee has been appointed to consider and report 
upon Training College Courses of Instruction. The pnncipal term of the 
Reference was ‘To draw up specimen Two-year Courses of Instruction for 
students in Training Colleges, with a view to ensuring that every student 
who leaves College shall have been through some course which shall pre- 
pare him in the best manner for some one or other of the various types of 
Elementary Schools.’ The specimen schemes of instruction are still under 
the consideration of the Committee ; but the 3Iemorandum which has 
been already issued sets forth the general principles recommended by the 
Committee. The principal features are the liberty given to the Colleges 
to frame their own courses ; the inclusion for the first time of Elementary 
Science and Manual Training ; the minimising of examinations ; and the 
association of t lio teachers with the examiners. 

The Scotch Education Di'partnicnt has this year issued a Code of Regu- 
lations for Continuation Classes providing further instruction for those 
who have left school. This is to replace the former Evening Continuation 
School Code and the Science and Art Directory in so far as that related to 
evening classes. « The chief novelty of this Code consists in the fact that 
thc^ classes may bo held at any time of the day. It is also interesting 
to note that there is no superior restriction of age. The work is arranged 
in four divisions. The first is apparently intended for the benefit of 
those whose early education has been somewhat neglected, and does not 
include any higher subjects than would be taken in an ordinary school — 
* the Principles of Arithmetic with such practical applications as may be 
approved of in any particular case, Geography and Nature Knowledge.’ 
In Division II. the work begins to be specialised under difierent heads — 
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* (E.) Slatholuatics : Elementary Gooniotry, Algebra, Mensuration, Dy^ 
namics. (F.) Science : the Elenionfeiry Study, Theoretical or Practica], 
of Physical or Natural Science, or any branch thereof. (G.) Applied 
Mathematics and Scieiico ; (a) General : Practical Mathematics, including 
technical arithmetic and the use of mathematical instruments and tables ; 
ineohaiiical drawing ; (h) Special : the application of IMfithoinaties and 
Science to specific industries, ^lachine Construction, Building Con- 
struction, Naval Architecture, Electrical Tndnstries, Mining, Navigation, 
Agriculture, llorticulturo, or any other imbistry the scientific, principles 
underlying which admit of systtanatie exposition. Where the nature of 
the subject re(juiros it, previous or concurrent study of (G. a), or of the 
related liranch of (E.) or of (l'\) will be made a condition of taking any 
subject under (G. i). . . . By practical instruction is meant instruction 
under heads (F.) and (G.), which proceeds mainly by means of actual 
experimental work on the part of the pupils themselves in properly 
equippetl laboratories or workshops, supplemented by the necessary 
explanations and demonstrations. Supplementary theoretical instruction 
may l)e reckoned as part of the practical course, but to an extent not 
exceeding one-half of the time occupied by the pupils in practical work.’ 
In Division I IT. the work is of a more advanced character, and ‘may 
either provide for graduated instruction in a single subject or for 
systematic instruction in a group of subjects, arranged with a view to 
fitting students for tlie intelligent practice of some particular industry or 
occupation.’ A higher grant above that for the Commercial Courses is 
allowed for the Industrial Courses, subject to the condition ‘ that 
provision shall be made in properly equipped laboratories or workshops for 
such amount of practical work on the part of the students (being work 
illustrative of the principles taught, and not merely the practice of trade 
processes) its the liepartment may deem reejuisitein the particular circum- 
stances.’ Division IV. is concerned with auxiliary classes which do not 
come within the purview of this Committee. 

The new rrogranime of Instruction for the National Schools of Ire- 
land, which was issued in September 1000, abolished payment hy results : 
the compulsory subjects of instruction were considerably changed, and 
the Commissioners of National Education indicated the methods of in- 
struction they expected the teachei’s to ado}»t. It gave greater latitude 
to the teachers, both in the organisation of their schools and in the 
methods and amount of instruction given in them. 

The following quotation from the Revised Regulations indicate the 
prominent position that has been accorded to Science Teaching in Irish 
Schools ; — 

* Elementary Science and Object Lessons are compulsory in schools in 
wliich there arc teachers holding certificates of competency to give in- 
struction in th(*rn, and these branches must be introduced into all schools 
as soon as possible.’ 

In Adew of the fact that little or no instruction in Science has been 
given for some years past in the schools, the Commissioners have appointed a 
jflead Organiser for Science Instruction, whose duties are (a) to advise the 
Commissioners on matters relating to the introduction and development 
of Science Instruction, (b) to supervise the instruction of King's Scholars 
in the Training College.s, (c) to arrange for the instruction in methods of 
Science Teaching of the teachers at present at work in the schools.^ ^ 

The extract &om the ‘ Notes and Observations of the Commissioners, 
„.;ii in the Annendix, explains the purposes for which th^ 
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subject is introduced, and indicates the character of the teaching that is 
deemed desirable. 

The problem of giving some training in the methods of Science 
Teaching to the 12,. *>00 tetichers in the National Schorils is a very difficult 
one. It is furtlier complicated by the fact that tliere are over three 
hundred large and well equipped convent schools conducted by nuns of 
various religious orders, who would naturally adopt the new subjects of 
instruction if they were properly trained ; but in the majority of cases 
the nuns cannot leave the convents to attend the central classes for teachers. 

Training centres have already been established and laboratories 
equipped in Dublin, Delfast, Cf»rk, Londonderry, Waterford, and Limerick, 
and some five hundred male and female teachers have been taken through 
courses of training dur-ing the past year. These courses are of two kinds : - 

(а) Day rountrUy at which the teacher attends every week-day for six 
weeks, spending wbout five hours per day in the laboratory. 

(б) Evmiintj rotirtteti, at which the t(?acher attends one or two evenings 
a week for a period of three hours each evening. 

Travelling expenses and a small maintenance allowance are paid to 
teachers attending these courses. In addition to the laboratory work, 
each teacher is expected to produce a satisfactory written record of the 
practical work performed in the laboratory, and the certificate of com- 
petency to teach is not granted until a satisfactory notebook of the 
teacher’s individual practical work is produced. 

The course of work Undertaken in these classes is based on the sugges- 
tions of the Committee of the British Association, and is similar in 
character to the old Course H of the English Code. Through this instruction 
endeavour is made to impress upon the teachers the importance of the 
method of scientific inquiry and of habits of accurate work, observation, 
reasoning, and expression ; in the later stages of the work for Girls* 
Schools the science underlying domestic economy and hygiene is treated. 

Of the six Training Colleges two give instruction to lx)th men and 
women, two to women only, and two to men only ; all have during the 
year provided themselves witli laboratories for instruction in Experimental 
Science, and a most praiseworthy start has been made ; thus nearly nine 
hundred students in training have received careful laboratory instruction. 
The average size of these Training College classes is thirty students. A 
new Training College for women, to be opened next session in Limerick, is 
also provided with an excellent laboratory. 

The Commissioners have recently decided that the entire Inspection 
Staff is to undergo a course of training under the Head Organiser, in order 
to familiarise them with the methods the teachers are e.xpected to pursue. 
A number of Inspectors are already attending these classes. 

In order to facilitate the introduction of subjects of practical and 
manual instruction into schools in the poorer districts, the Treasury has 
sanctioned small grants of apparatus to these schools, on the condition 
that one of the teachers of the school has been through a satisfactory 
course of training. 

The untimely death of the greatly esteemed Professor G. F. FitzGerald 
and the retirement from the Board of Commissioners of his Grace the 
Catholic Archbishop of Dublin (Dr. Walsh) are irreparable losses to the 
cause of true education in Ireland. To the efforts of these two dis- 
tinguished educationists, both as members of the Commission on Manual 
and Practical Instruction and as Commissioners of National Education 
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the sweeping and far-reaching reforms in the Irish system of National' 
Education an> mainly due. It is impossible to ovcn^stiniate the debt the 
country owes them. 

Your Committee have not felt called ujum to express an opinion on 
(be important questions involved in the decision of the Court of King’s 
Jlench in the ease of Rex r. Cockerton ; but, whatever may Iw the final 
outcome of the present controversy, they trust that the interests of 
Science Teaching will not suffer, whatever the authority be to which it 
may be entrusted. 


APPENDIX. 

Trisii National »Sciiools. 

‘ Ohjrrf Lrssnfts and E^**m*'iitary Sc'i*^nc(\ 

‘ The Programme provitles for alternativocourses in Object I^'s.sonsand 
EleineTitary Science ; but in most of tlie rural National Schools it w'ouid 
bt" clesirablo that the courses tMiihracing the principles underlying Agri- 
culture and irorticulture should be adopted. In this connection the 
C.^minissionors desire direct the attention of Managers and Teachei*s to 
(be French Scheme for teaching Agriculture, of which a translation is pub- 
lished in the Appendix to the Iteportof the Commission on Manual and 
Practical Instruction. At the same time the Commissioners leave 
Managers and Teachers free to select, with the cottcurrence of the Inspec- 
tor, any of the courses that may seem most siiit+'d to tlie special circum- 
stances of the schools. Managers may also submit for the approval of 
the Commissioners other c-ourses than those provided, if they consider 
none of the Programme counses suitable. 

‘As regards Course I. of Elementary Expeiimental Science, it is 
intended tliat, as far as possil>le, all experiments should be performed by 
some, at any rate, of the scholars. The teaching should he directed, in 
the lir.st place, to profluce accurate habits of experiment, observation, and 
I bought. The experiment should he undertaken with the object of 
solving a definite problem, and the explanation or discussion of results 
should not take place until the experiment has neen repeated by indi- 
vidual members of the class a Tnimb«*r of times. An accurate Balance is 
essential to such a course, and it should not be attempted without such 
an instrument. The greatest possible importance , sliould be attached to 
the composition and style of the accounts of the. experiment : these notes 
should repr(*sent tlie .scholars own version f>f the expiulinent. The 
primary purpose of such a coursi? is to produce accurate liabits of thought 
and work, and the men? giving of information should be subordinate to 
this purpose. 

‘ In giving instruction in OViject Lf*sson8 teachers should make a dis- 
tinction ijctween observation of the Object itself and giving information 
about the Object. The pupils in the first instance shoulfl be asked closely 
to oberve the OVjject, and to describe everything they can see or discover 
aljout it, before the teacher gives any instruction on the Object. In 
connection with Object Lessons and Elementary Science Lessons, os in con- 
nection with Manual and Practical Instruction, the Heuristic moth(^ 
phould ho continuously employed. The pupils should cultivate the habit 
of obtaining knowledge directly and at first hand, finding out for them^ 
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and thus developing the faculty of observation. Children should 
also be encouraged to make collections of Natural Objects to be found in 
the vicinity of the schools, and each school should have a Museum formed 
as far as possible from the colle3tions of the pupils. Shells, stones, 
flowers, itc., would form most appropriate objects for a School Museum. 

< A most useful combination of Drawing and Clay Modelling can be 
introduceil as a help to the pupils in Object Lessons. Children should be 
encouraged to make simple drawings or models in clay of the simpler 
Olyects. As with Drawing, the teacher should make frequent use of the 
blackboard in connection with Object Txissons. 

‘ Where the circumstances are suitable, school excursions, to see Objects 
in their habitats, could be beneficially undertaken. Thus, a visit to the 
Zoological Gardens would enable the children to compare types of domestic 
animals with which they are familiar with wild animals of the same 
general order. In the same way periodical visits to a good kitchen 
garden would form an excellent series of Object Lessons of a real and 
useful character. While Object Lessons make the school lives of the 
children more happy, they also fulfil three principal and most important 
uses : they teach the children to observe, compare, and contrast ; they 
impart information ; and they form the basis for instruction in Drawing, &c, 

‘ The courses in Elementary Science detailed in Section V. of Pro- 
gramme are not too difiicult for the ordinary National School pupil. And 
here, again, the Commissioners think it necessary to remark that by the 
courses in Elementary Science they do not wish to train electricians, agri- 
culturists, <fec., but they wish to give all pupils useful instruction, and 
the possible future electrician or agriculturist such a knowledge of the 
great natural principles underlying his profession as will enable him to 
pursue it with success in after life. 

* The great end teachers* should endeavour to secure in connection with 
Elementary Science is to produce the scientific habit of research, and to 
impress the leading scientific principles upon the nascent intelligence by 
observation and simple experiment on the part of the pupils, and by plain 
expository and practical illustration on the part of the teacher. 

‘ As a help to instruction in Course II., every school should, whenever 
possible, have a small plot of ground as a garden. If this is not feasible, 
garden boxes should be placed in the windows, and be planted with the 
simpler flowers, which could be used for illustrating the lessons. The 
gardens and boxes would, moreover, make the schools more cheerful and 
attractive to the children, and w^ould aid largely in the development of 
artistic taste and a love of Nature.' 


CorresjmuUm/ Socirf.ios Com mitt ere, — Tieimiof the Committee^ comisting 
of Mr. W. Whitakkr (Chairman)^ Mr. T. V. Holmes (Secretarg j, 
Professor R. Meldola, Mr. Francis Galtox, Sir John Evans, 
Dr. J. G. GaIison, Mr. J. HoPKixsbx, Professor T. G. BoNxXKY, 

. the late Sir Cuthbert Peek, Dr. Horace T. Brown, Rev. J. O. 
Bevan, Professor W. W. Watts, Rev. T. R. R. Stebbing, Mv. 
0. H. Read, a^nd Mr. P. W. Rudler. 

Ihe Corresponding Societies Committee have to report that in conformity 
''vith their resolution mentioned in the Report of last year notice was 
last to the Corresponding Societies inviting them to consider 
1901. ii H 
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what siibjfH'ts (ln*v wish to liavi* at tlir of Ih0f*jnra((>;; 

at (tIussjow. I’o tins rrnurst only S«>fit‘ty, iiainrly, tli» nortfurdshiro 
Jsatiiral History ami Kiohl Cluh, r*‘spon«h*il. su^iiostin;' f«»i iho i*(»hsi<lera- 
tion by tlio |)olfi!:at(*.s ‘The tlosirahiliiy of I'ouniy Photoi;r>{)hi(' Siirvoys.’ 
As, howovor, tlu' l)oh\"ato nominated l»y tiuit Society afu'rwards found 
that lie was unahle to he prest'iit at (iliis<;ow there a Kuhsei^uent 
request that the <‘onsi<.h‘ration of the sul*jt*et l)0 postponed. The Kev. 
J. (). Bevans oiler to bring I )efore the I >elegates the proposition ‘That the 
CoDiniitU*«\s of the Corresponding Societies J )0 to lay beforo their 

]neni))ers the necessity of carrying on a systematic survey of their 
counties in respei't to etimology, ethnography, botany, meteorology, 
ornitliology, archaeology, folklore, Arc.,' and Mr. C. H. Read's request to 
have an opportunity of intnxlucing ‘ A plea for an Oixlnance Map Inde.x 
of Prehistoric Remains ' were nct epteil as .subjects for discussion at the 
Conference of Delegates at Glasgow, and notice of the same was sent by 
the Assistant (iem ral Secretary tt> the Delegates on receipt of their 
names from the Secrotarit‘s of their respective Societies. The question 
of copyright, which was a topic of discussion at the ('onforence of Dele- 
gates at Bradforrl last year, having been taken up by the Council of the 
Assofdation, and tliey having authorised the (Jenoral Olhcers of the 
Association to co-operate with otlier So(dt*ties in regard to the question 
if a Bill be again brought liefore P:irliaiiu‘nt, the Committee have taken 
no further action in tin* inatt4*r. 

The Marine Biological Association of the West of Scotland and the 
Haslemei-o Microscoj^e and Natural History Society were a<Ided to the 
list of Corresponding Societies. The Mining Association and Institute 
of Cornwall was removed from the list, it having coa.s(*d publish. 

Report of thf' Conf t'f to't* of T)rh tjnleii of Corrrftpondlioj Sovlf fv s 
hdd (it iH(f}*(joii\ Sf'pte.mh* r 1901. 

Mr. F, W. Rudlcr, F.fi.S., Chairman, Mr. W. Whitaker, F.R.S., 
Vice-Chairman, and Dr, J. (J. Gars»»n and iMr. Alexander Somerville, 
Secretan«*.s. 

The Coriferenc<‘s were ledd on Thursday, Sept(*mher 1 1*, and Tuesday, 
September 17, at .» o’clock v.m., in the Medical Jurisprudence Class Room 
of the University, which was also optMi t<» Delegates to meet in at any time 
of the day during thfi meeting of the Association. Professor (Baister, 
moreover, was good enough to place his retiring room adjoining the class 
room at the disposal of the otiicers for meetings of Committee. For this 
indu]g(‘r)ce the best thanks of the Committee are due to Professor 
Glaister. The following Corr-esponding Societies nominated Delegates to 
represent them .at the (^mfereiu es. '^I'lie attendance of Delegates at the 
Conferences is indicated by tbcj figures 1 and plactal in the margin 
opposite each Society, thi^ former figure reb i i ing to the first Conference, 
the latter to the second Conference. Where*, no figure is shown the 
Society will understand that its I>elegate did not attend either of th(^ 
Conferences, and tliat it was therefore not reprcscnited. 

Lint of Sorlrfit^ii snvflhiff DdayalrH. 

Ander.soaian Naturalists’ Society . O. F. Scott-KIliot. M.A., B.Sc. 

1 2 Belfast Naturali.sts’ Field ( lub . . Williatn Gray, M.R I.A. 

1 2 Belfast Natural History and Philoso- John Brown, 
phical Society 
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1 2 

1 2 


1 2 

1 2 

1 2 
I 
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1 2 
1 2 
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1 2 

1 2 
1 2 
1 2 
1 2 

I 

1 

1 

1 2 
1 2 
1 


1 2 
1 2 
1 2 


1 2 
1 2 

1 2 
1 2 

2 


I5irniln(;,liain an<l Midland Instituto 
Sc,U‘nl ilic Snr.iHy 

Binnini^^l lai n N atural 11 istory and Philo- 
soplii' >'il So(;iety 

Biudiar Fiold Club .... 
Caradoc. and Severn Valley Field Club 
Che-Hlcrlield and Midlaml Counliea In- 
stitution of Engineers 
Croydon Microscopical and Natural 
History Club 

Dorset Natural History and Anti- 
quarian Field Club 

East Kent Scientific and Natural His- 
tory Society 

Essex Field Club .... 
Glasgow Geological Society 
Glasgow Natural History Society 
Glas^w Philosophical Society . 
Hampshire Field Club and Archaeo- 
logical Society 

Hertfordshire Natural History Society 
Ilolmesdalc Natural History Club 
Hull Geological Society 
Hull Scientiric ami Field Naturalists' 
Club 

Institution of Mining Engineers. 

Isle of Man Natural History and Anti- 
quarian Society 
Leeds Geological Association 
Liverpool Geographical Society . 
Livcrj)ool Geological Society 
Malton Field Natural ist.s* and Scientific 
Society 

Mam^hester Geographical Society 
Manchester Microscofnciil Society 
Marine Biological Association of the 
West of Scotland 

Korfulk and Norwii'h Naturalists' 
Society 

North of England Institute of Mining 
and Mechanical Engineers 
North StaiTord.shire Field §lub . 
Northumberland, Durham, and New- 
castle-upon-Tyne Natural History 
Society 

Nottingham Naturalists’ Society 
Paisley J’hilosophical Institution 
Perthshire Siiciet}* i»f Natural Science 
Rochdale Literary and Scientific 
Society' 

Scotland, Mining Institute of 
Warwickshire Naturalists'and Arclueo- 
logists' Field Club 
Woolhope Naturalists’ Field Club 
Yorkshire Geological and Polytechnic 
Society* 

Yorkshire Naturalists’ I’liion 


('. J. Watson. 

Alfrerl Rrowett. 

J. F. Tocher, F.I.C. 

Professor W. W. Watts, F.G.S. 
ProfesBtkr 11. J.ouis, M.A. 

W. Wliitaker. F.R.S. 

Vaughan Cornish, D.Sc., F.R.G.S. 

A. S. Reid, M.A. 

F. W. Rudler. F G.S. 

J. Barclay Murdoch. 

A. Somerville. 

Dr. Freeland Fergus. 

Win. Dale, F.S.A. 

W. Whitaker, F.R.S. 

Miss Ethel Sargant. 

G. VV. Lamplugh, F.G.S. 

T. Sheppard, F.G.S. 

Professor Henrv Louis, M.A. 

P. M. C. Kermode. 

Professor 1*. F. Kendall, F.G.S. 
Statf-Com. Dubois Phillips, R.X. 
Joseph Lomas, F.G.S. 

M. B. Slater, F.L.S. 

Eli Sowerbutts, F.R.G.S. 

F. W. Hemhry, F.R.M.S. 

Dr. James Rankin. 

Francis D. l^ongo. 

J. H. Merivalo, M.A. 

U. Hornby, M.A. 

Professor M. C. Potter, F.L.S. 


W. r»radshaw. 

Andrew Henderson. LL.D. 
Henry Co.atos, F.R S.E. 
J.-imes Ogden. 

James Uarrownvin. 

Win. Andrews, F.G.S. 

Rev. J. O. IJovan, F.S.A. 

A. R. Dwerryhouse, F.G.S. 

Harold Wager, F.L.S. 


I'trsf Conference^ Seplemher 12 . 

A Conference of the Delegates of tlie Corresponding Societies in 
connection with the British Association was held in the Sledical Juris- 
prudence Lecture Theatre of the Glasgow University on Thursday, 
September 12, 1601, Mr. F. W. Rudler, F.G.S., Chairman, presiding. 

H H 2 
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The Corresponding Societies Comniittoe were represented at the Confer- 
ence by the Chairnmn, JMr. F. W. Hmlli'r, tlie SecTetnry, Dr. J. O. Garson, 
the Rev. J. O. Bevan, and Professor \V. W. Watts. The represen Utives 
of the Societies who attended will be seen fnuii the list of Delegates. 

The Chairman, in opening the proceedings, said : — If I may judge 
from the opinions which have been expresse<l at some former meetings, it 
will be the general desire of the Delegates, whom I have now the pleasure 
to welcome, that our present Coiifercuice shall be utilised for the dis- 
cussion in a brief and business-like fashicii of any suggestions which 
may 1)0 made for improving the work of our local Scientific Societies. No 
one mistakes this Conference for a supplementary Section of the Associa- 
tion : no one conies hew, I hope, expecting to hear formal addresses and 
scientific papers such as he may hear anil discuss at his own ScK'iety, 
Rut the prime object of these meetings, I take it, is to bring together 
represent.itive members of various extra metropolitan Societies, so that 
once a year at least they may have an opportunity of rubbing shoulder 
to shoulder : and, by social inteivoiii*se and a healthy exchange of ideas, may 
overcome any «»f the disadvantages which, in the case of the smaller 
provincial Societies, are likely to arise from insulation. 

R»ut although a formal address is not exacted from the Chair, yet I 
understand that some brief informal remarks by way of introduction to 
our work aiv not only usually tolerated, but have rather come to be 
expected. On this occasion it might perhaps be assumed that from my 
otVicial connection with inuseuai work T should take advantage of my 
position to .say something about the relation of local Scientific Societies to 
local museums. That, however, is a subject which has already been dealt 
with at some of these meetings, notably at the Oxford Conference of 
iM.M, when an interesting di.scus.sion on local museums — their origin, 
niganisation, and inaint<*nance — w^as initiated by the late Sir Cuthbert 
Peek. This name J cannot mention without adding an expression of 
personal regret at the loss which w'e have unexpectedly suffered. Sir 
Cuthbert was a member of the Corre.sponding Societies Committee, and 
a frequent attendant at these meetings ; a man of very varied scientific 
interests, from whom, being in the prime of life, much good work might 
have been reasonaV)ly expected in the futare. 

In connection w'ith museums it occurs to me that there is one 
unambitious piece of work which local Scientific Societies might readily 
and usefully undertake work which no doubt has been to some extent 
already accomplished, but which has rarely heen carrieil out persistently 
and systematically. I refer to the lleijUtration of Type-spedmem, 
Every working naturalist from time to time iinds himself confronted 
w'ith the difficult tusk of tracing types and figured specimens. These are 
scattered far and wide over the coujiiry, oR.eii in provincical museums, 
s'ometimes in private collections, and occasionally coming to light in 
quarters where they would be least expected. Undoubtedly the best 
central treasure-house for all scientific specimens of exceptional interest 
is the British Museum, and the best thing to do with a type-specimen is 
to. present it to that Museum. But in certain cases there will always be 
more or less objection to this course, and tlien the next best thing is 
olivioasly to place it in some provincial institution and let the scientific 
world know its whereabouts. No doubt this has already been done to a 
limited extent. Thus Committees of the British Association have been 
appointed to deal with particular groups of types, such as fossils ; but 
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what I am anxious to urge is the importance of prosecuting tlie work in a 
systematic manner, and extending it to all departments of natural history. 

So far os concerns the ty[>es wliich are preserved in provincml 
museums it may be said, probably, that the work should l)e done either 
by the museum itself or by that excellent institution, the Museums 
Association, an Association which has recently increased its usefulness by 
the issue of a monthly journal, which 1 may commend to the attention of 
local Societies. «lt is true that some of the larger museums have already 
published, or are now engaged in publishing, lists of their type>specimens, 
or at least certain classes of types. But most museums fail to possess the 
means of carrying out such work and properly publishing the results, and 
therefore could hardly resent tlie interference of a local Society. More- 
over a museum could not be expected to take ci>gni&ance of specimens in 
private hands, whereas a Committee of tlie local Scicntilic Society could 
make it its business io seek out ail the type specimens within its sphere 
of inlluence, whether in the local museum or in private collections, and 
could give permanence and publicity to the information thus acquired by 
printing the schedules of types in its proceedings. 

The same kind of research might, in niy opinion, be extended with 
advantage t<o local antii^uitics, at least to those of prehistoric age. Each 
Society might fitly publish lists of the antiquities which have been 
discovered within its own district, and which have been described and 
figured. Where the specimens remain in private hands, it is often 
difficult, and sometimes impossible, to trace them, but no one is likely to 
be more successful in the searcli than the members of the local Society. 
The advantage of knowing, ivhen working at any particular subject, 
where the original specimens are located is so obvious that I venture to 
hope tliat the Delegates may see their way to urge the Societies which they 
respectively i*epresent to move in the direction which I have indicated. 

It seems to me doubtful whether it is desirable to suggest at this 
Conference rnaiiy new lines of w’ork to be taken up by our local Societies. 
In most cases they alreiuly possess programmes which are pretty heavily 
weighted, some Societies perhaps undertaking even more than they cr.n 
satisfactorily accomplish ; and I believe it would probably be better in 
most cases to systematise and improve the existing w’ork than to attempt 
the introduction of new depai^ments of study. The governing body in 
each Society might well be charged with tlie duty of seeing that the v-^ork 
IS worthy of the present po.sition of science. The steady growth of 
scientific education in this country during recent years ought to tell 
niost favourably upon the character of our local Societies. New members 
come prepared with a groundwork of scientitic training unknown to most 
of the older members at tlie time they entered, and as a consequence the 
work of the Society should 1j« lifte<l to a higher level than that on which 
we were formerly content to let it rest. It is satisfactory to note that in 
many cases this has been thoroughly realised, and indeed a review of tlie 
pi\)ceedings of the various local Societies at thvt present day shows that a 
high standard of«excellence is ofU»n attained. 

With regai^ to geology — the department of natural knowledge ^ in 
which I happen to be specially interested — it is a matter of congratulation 
that so much good work should be accomplished by the several Socielies 
which are in correspondence with the British Association. Not only are 
the local sections, the fossils, and the rocks receiving attention from those 
members who are interested respectively in stratigraphy, in paIa3ontology, 
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iiiul in petrolog}”, but attention is being directed to the physiographic 
features of the tlistrict workeil by the Society, or to that branch of inquiry 
which is nowadays known as gooinorphology. In working out the history 
of the local topographic forms the geologist and the geographer join 
hands, and a graiul field is opened up for just that kind of work which 
many members may take up with great advantage. On the fascinating 
subject of river development, for instance, T may point to recent papers 
by Mr. Huckman, reixd to the Cottswold Field Club, and ^y Mr. Paul to 
the Leicester Literary and Philosophical Society. Each local Society 
might well work out tlie history of the rivers in its own province, seeking 
to explain the whims of each stream, why it flows in this direction rather 
than in that, how it lias flowed in the past, and how it may possibly flow 
in the future. Mr. Cowper Heed s recent S(^dgwick Essay on the Uivers 
of East Yorkshire may bo taken as an example of whaf may bo done in 
thi.s respect. In the motleni view of river dex clopinent, largely due to 
American geologists, the stream is regarded as working its way down- 
wards, cutting it.s channel deeper and deeper, until it eventually reache.s 
what ^lajor Powell has called its ‘base-level.^ Then ceasing to work in 
this way, it meanders sluggishly over its plain, until an uplift is effected 
by some earth-mo vornent, when a period of rejuvenescence sets in, and a 
new cycle of erosive activity is initiated. In a somewhat similar manner 
it may happen that a local Society, which in its youth was vigorous as a 
mountain stream, gradually finds its energy on the warn*, and may at 
length reach a base-lev(*l of existence, when it flows placidly along, like 
the river in its lower njaclies, very beautiful, and no doubt useful in its 
way, yet decidedly sluggish. But these annual meetings ought to act as 
elevatory agencie.s, restoring strength aiul revivifying the working powers. 
Let us hope, at any rate, that our present Conference may represent one 
of the.se periodical uplifts, and may be the imnins of starting some local 
Society upon a fresh career of healthy activity. 

I ask you to pardon me for having trespassed upon your time by these 
prefatory remarks, and we shall pass now to the solid business which 
Dr. Oarson has to bring beft>re u.s. It appears that a circular was 
addressed on August 14 to the various Societies explaining that this 
meeting was to be held, and that a communication would be received 
from Mr. Read, the Keeper of Briti.sh Antft^uities in the British Museum, 
respecting an Index Map of Prehi.storic Remains, but I fear be has not 
been able to attend the meeting. Secondly, then} is a coriiiiiunication to 
be received from the Rev. J. (), Bevan, with a resolution to the effect 
that the Committees of the Corresponding Soci(}ties be invited to lay 
before their members the neces.sity of carrying on a systematic survey of 
their counties or districts in respect to ethnography, ethnology, meteorology, 
ornithology, ike. I am happy to .say that Mr. Bevan i.s with us, and perhaps 
he will favour us with his coinmunication. 

Dr. Vaughan Cornish : On the matter of order, lief ore proceeding 
to a fresh subject for the consideration of this Conferejice, I for one 
should like to know what has been done with reference to the communi- 
cations brought before us last year, in which we were asked to do certain 
things which we were told would be of advantage to science. I should 
like to hear some report of the result of our efforts, and if it is not toorlate 
I should rather like to know what was the result of the communications 
and work which we did in the previous year ; and I think some of us 
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will be interested also, although it is a matter of ancient history, to know 
the result of the efforts made in the year before that. These years cover 
the extent of my official connection with the Conferences, and on each of 
these occJisions a leai*ned gentleman has come before us and pointed out 
our shortcomings, and has urged us to fresh activities ; but we have gone 
away, and what we have done or what other Delegates have done 1 for 
one do not know, because in the succeeding year there hfis been such a 
hurry to bring en tlie next proceedings that they have made no report of 
the hist year’s proceedings. 

The Chairman : l^ersonal'y I am very gi*ateful to Dr. Cornish for 
bringing forward this subject, because it enables me to point out that 
though the bread which we cast u})on the waters here may not always 
return to us, it may he carricfl elsewlierc and feed some excellent Societies 
or other bodies with scientific pabulum. Last year a special coniinunication 
was made by Professor Miall on the subject of Dew-ponds, and 1 took 
occasion on seeing him yesterday to inquire whether any work had been 
done following liis suggestions. It was explained to me that ho did not 
know that any Society had y<*t taken up the suggestions, but that he had, 
with some friends, been carrying on his investigations, and I believe that a 
person who gave him very great assistance in that direction in consequence 
of the subject having been brought before the last Conference was the 
Rev. Mr. Cornish, brother of Dr. Cornish, so that possibly Dr. Cornish 
himself c<»ulfl tell us what was tlom^ better tliaii anyone else here. 
Something, thori?fore, has btnui accomplished, but tliP/ results have not 
been brought before the Association. 

Dr. Cornish : We sometimes meet here and express doubts as to our 
usefulness. My impression is that wo really have done a good deal of 
work in the last tliree years, but sullicient pains have not been taken to 
indicate the results from year to year ; and I tlnow it out as a suggestion 
that at future Conferences* the record of the past year should precede the 
reception of tin? paper in the next year. 

Mr. Eli Sowerbutts : We sometimes have matters brought before us 
of no possible interest to us in the North, and it seems to be getting 
the habit to havt* long papers read to us, whether ive want them or not. 
The clitticulty lies in this, tliat there are no means of having communi- 
cation between any of the Soiieties. Wo want these meetings to be of 
use to the Rritish Association, but in a secondary way there is a vast 
amount of use which the Delegates’ meetings may be to the various 
Societies scattered all o\ er the kingdom ; and we have great need for some 
meetings by which we could come more in contact. We are working in 
our little colonit^s here and there, and we think we are doing very well. 
Some man may be doing the same thing elsewhere under great dis- 
couragement, and if he could communicate with us, thii>ugli the Secretary, 
I think that we might be able to help one another. 

Dr. G arson ; In order to allow us to get on with the business to-day, 
I may at once explain this matter by reminding the Delegates that at the 
Second Conferemje they are put in communication with the Secretaries 
of the various Committees appointed by the British Association each ye^ir, 
and it is from them that the Delegates or the Secretaries of Societies must 
receive and to whom they should give information as to what their 
Societies are able to do locally to further any investigation that a Com- 
mittee of the Association is engaged on. What is actually done by the 
various Corresponding Societies, and the iissistance which they have been 



able to give, i^hould bo stated in the n^ports of the various Coinniittecs 
which appear in the Annual Report of the Association. 

After a long discussion Captain Dubois Phillips (Liverpool) gave 
notice of a motion, to be brought forward at the next meeting, requesting 
that the Conference should receive each year a report on the outcome of 
the work of the previous year. 

The Chairman then called on the Rev. J. O. Bevan to open the subject 
accepted of him by the Corresponding Societies Committee for discussion 
at this Conference : ‘ That the Committees of the Corresponding Societies 

be invited to lay before their Members thq necessity of carrying on a 
systematic survey of their eounties in re.^pect to ethmilogy, ethnography, 
botany, meteorology, ornithology, nrchieology, folklore, &c,* 

Mr. Bevan said : — 

Looking at the number of Societi<?s involved — at the facts tlmt they are 
at work all tlie year round, collecting and assorting material — that a 
spirit of in(|uiry has been evoked as to the means hy which a larger 
nuiuber of Societies could be knit to the ( Jeneral Association and a more 
complete co-ortlination secured — it seems permissible to think that (with 
proper care and foresight) the Conference of Delegates bids fair to become 
as important an element of the liritish Association as any of the Sections ; 
nay, more, tliat it may be developed so as to fulfil an independent function 
and to constitute the Association a General Clearing House of Science. 

For some time ])ast the Delegates have been inquiring at the annual 
meetings: * What can we do— what can our Society do — to further the 
ends of science through the Association ? * 

Undeniably, the complete solution of this question will demand more 
thought and energy on the part of the Delegates, and on that of the 
Corresponding Societies (committee : but it need hardly be contended 
that if a thing be wortli doing it is worth doing well, or that if a Con- 
iVriMice of ^(‘legates l)e run at all it should be luii on business lines. 

In all »;ouiitrie.s th<*re is, and has l<»ng becMi going on, the preparation 
of more or U ss complete. n\searches, and even tln^ production of mono- 
graphs de:iling with all forms of nature and life — of archieology and 
liistory - of population and resources— of health and disease — and the 
like ; but this has been usually without preliminary consultation and 
agreement Vietween the several borlies engaged as to details of plan or 
scale. Consequently, the work is carried on without any unity as to 
the result, eventuating in greatly diminished usefulness and even 
intelligibility. Hence, the exi.steiice of general surveys— ordnance, geo- 
logical, meteorological, botanical, anthropological, and arclueological — 
ill all stages of conjecture and incompleteiu'ss ; hut the interrela- 
tions of things, «.</., of geology witli geography — of flora and fauna 
with soil ami climate — of territory witli roccj and occupation, with 
national character and religious belic?f - -have been suffered to remain 
unrecognised. Thus national, and especially international, comparison is 
rendered extremely difficult ; in fact, no adequate comparison can be said 
to exist. One of the conclusions at which we arrive is- that even the 
better monographic work of the past needs collation, rearrangement, and 
revision. The solution of the problem, however, is fairly in sight, viz., 
that of uniting all surveys into a regional survey, in which, as far as 
possible, all the classes of phenomena occurring in a specific region can 
be observed, recorded, and correlated with each other, so as to hinge 
together all the sequences of cause and effect. 
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III part, from its general character, the work must he carried out 
under (Jiovernmeni sanction and authority, as in tlie case of the (Geological, 
Ordnance, and Census Surveys. Again, the Society of Antiquaries has 
elaborated a scheme for the archaeological survey of P)ngland and Wales. 
The work, howcjver, progresses slowly, and does not touch Scotland or 
Ireland. Here at once is opened out a wide held of useful effort on the 
part of local Societies well within the compass of individual members - - 
work as interesting as useful, lending itself, as it does, to literary, photo- 
graphic, and artistic illustration. In this connection, moreover, the 
labours of the National Photographic Survey, under Sir J. B. Stone, may 
be indicated. But it is clear that investigation under more systematic 
lines is to be desiderated in respect of rt-gional .surveys throughout (ireat 
Britain and Ireland. This need was touched upon at the International 
Assembly in Paris in 1900, and circumstancf^s at the Glasgow meeting of 
the British As.sociation seem favourable for j)ressing the matter home. It 
is specifically alluded to in this paper, inasniuch as tiie subject is one in 
which the Corresponding Societies, without exception, w’ould have an 
intei'est, and in which would be employed the energies of many members, 
each in his own sphere and in the exercise of his own special gift. 

It is plain that unless the work is conducted and systematised through 
some central organisation, and tabulated on forms supplied or accepted 
by that organisation, a great part would be rendered useless or didicult 
of comparison. 

The interchange of photographs and specimens would be a branch of 
the undertaking of great interest, and, besides, would contribute to an 
important object, viz., intercommunication bctvreen Societies of kindred aim. 

• It is hereby suggested that the Conference of Delegates sliould select 
one or more subjects of pressing interest, and undertake to bring before 
the respective Societies the advisability of undertaking systematic work 
(each ill its own di.strict) iif these directions. These affiliated Societies, 
through their Delegates, would be expected to make a return of the results 
— partial or complete, - at the ensuing meeting of the British Association. 

In the choice of .subjects three considerations (at least) present them- 
selves ; — 


(а) They should be of a general kind, capable of being worked up by 
the local Societies in their respective districts. 

(б) A preliminary arrangement should be arrived at whereby may be 
determined the lines and limits of investigation, the mode of tabulation of 
re.sults, the scale of chart or map, the scheme of symbolical representation, 
coloration, nomenclature, convcuitional arrangement of detail, the method, 
form, size of publication, and the like. 

(c) A special society or expert should be indicated as ready to advise 
ill regard to each of the particular .su\>jects. 


The end.s to be gained arc these : The taking stock of all facts by a 
connected scries of methodical surveys ; their registration before the 
corroding effect o£ time, the amalgatuatioii of race, or any other cause, 
puts it beyond the reach of effort ; the full completion of surveys already 
begun ; the setting fortli cf results in a manner directly susceptible of 
useful comparison. A collateral advantage would be the discovery of a 
considerable amount of work already elaborated, and (with necessary 
revision and reduction to the common scale) its inclusion in the General 
Survey, 
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A beginning or an extension of past work might bo made in respect 
of- 

Meteorologioal and seisinologieal phenomena. 

Life zones. 

Registration of type specimens. 

Photographs of sections ; records of well-borings, &c. 

Phenomena of glaciation ; erratic blocks. 

Origin of lakes ; changes of area and depth. 

Coast and river erosion. 

Pond, cavern, underground life. 

Ethnographical, ethnoh»gical, arclncological surveys. 

Botanical survey to include fungi and algic. 

Phem logical observations. 

Tt will he understood that this list is provisional, but it is selected by 
reason of the fact that the lield has been already entered upon, and that 
little further organisation is needed. 

The Conference will make it clear that there is no intention to dictate 
to the various Societies involved. Tlie suggestions are tentatively put 
forth in the interests <»f scientitic rescarcdi, and in response to the demand 
frequently made by Delegates. Each Society will consider the matter, 
and, in its wisdom, deal witli the subject which seems the more nearly to 
come within its purview. 

Certain obje^.-tions may be forestalled ; — 

(a) * !Many Societies are composed of men possessing neither the inclina- 
tion nor ability to take a share in a work of this kind, a few individuals 
constituting the leading spirits.^ From such associations much will not 
be expected. Even in this case, however, the course suggested may act 
by way of stimulation, and these Societies are the ones which need to be 
waked up. 

(/j) ‘ The work is alrearly done by our Society for its own neighbour- 
hood.' Yes, but is it on the proper lines, and can it be brought forward 
for puVjlicatioii on tin* accepted system ? 

(c) ‘ A danger exists lest persons Riled with enthusiasm, but otherwise 
imperfectly qualified for the task, should be incited to essjiy the tiisk. 
This might lead to the production of results fidse and misleading.' But 
it is proposed that persons anxious to conduct any inquiry, or toco-operatc 
therein, should be referred by the Committee of the Corresponding Society 
to a Society or individual expert in the work who would be in a position 
both to furnish direction and to check results. 

I venture to move the resolution which stands in my name — ‘That 
the Comuiittees of the Corresponding Societies be invited to lay b«?fore 
their members the necessity of carrying on a syst(uiiatic survey of their 
counties or districts in respect of etlinograpliy, ethnology, meteorology, 
ornithology, cfcc.' 

Mr. (iray : f have very great pleasuwi in seconding the resolution, f 
think the communication which Mr. J^evnn has read is*' one of the most 
valuable that we have bad as crystallising our efforts and pointing 
wlusit we should really do. Anything in connection with the British 
Association must be done in an organised way. I have been a Delegate 
to this Conference from the Belfast Naturalists’ Field Club for many 
years, and I do think that the Conference itself has acted like the river 
that the Chairman described. The Society I represent is an active 
Society. Of course we arc composed of Irishmen, and necessarily active, 
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and we have done and desii-e to do good work. With the exception of 
Yorkshire, which has a number of organised Societies joined together, no 
one Society has done more than my own Society. No one has done more 
for archaeology, and w(i have more material than any similar Society in 
Great Britain. 1 myself started many years ago with a systematic 
grouping of the ancient monuments of Antrim and Down, but our local 
work is not made generally useful for national purposes owing to the 
want of a proper systematic scheme, w'hich should be formulated by a 
central authority like the British Association. It is perfectly useless for 
any local Society to start a system of its own, because that will be applied 
only locally, and we must adopt some systematised method. I therefore 
say that there should be an instruction to such a Society as ours as to 
the lines on which we should act. I understand that to be the? object of 
this Conference, and I hope the suggestions will be taken s*> that we may 
act upon the lines laid down, and do very much more useful work, as 
might be done bj the representatives at the Conference. 

The Chairman : The res(»lution has been very ably moved and 
seconded, and it is now open for discussion. 

Mr. F. D. Longe : I should like to know whether the British Asso- 
ciation really means to take the initiative in suggesting to Societies what 
local work they should do. If the British Association will take the lead 
in that way I think that practical results will follow, hut if it is left to the 
dillerent Societies to take up what they like I think there w'ill be endless 
discussion. 

T)r. Carson : Kvery year the Secretary of the Corrf^sponding Societies 
Committee sends a letter to the Recorder of each Section, intimating 
during the lirst week of the Meeting that the second Conference of the 
Delegates will be held on the following Tuesday, and reipiesting him to 
bring this fact before the »St;otion of which he is Recorder, so that a repre- 
sentative from the various Coimnittees appointed to do special work in 
connection with that Section may come here and explain to the Delegates 
what work they propose to do, and how the Corresponding Societies can 
assist these Committees. 

Prof. J. H. Meri>’ale : ^Ir. Be van made a practical suggestion, which 
niight be carried out, that we should ha^■e a social meeting - at least I 
think he meant a social meeting — each year. We had a meeting at 
Ipswich which was a great success. I think it would be a very excellent 
thing that we should have an opportunity of seeing One another and 
discussing matters in which we are mutually intert»sted. 

Mr. Gray : I am afraid that that suggestion does not come within the 
scope of the Association. I think that in Ireland, in accordance with our 
usual hospitality, we may take some stc*j)s to have you all together next year. 

The Chairman : I should like to hear some remarks bearing directly 
on the subject which ]Mr. Bevan has so ably brought forwaiil — remarks 
that would lead to something delinite. 

Captain Phillips ; Although a systematic survey comes within the 
work of some of^hr Corresponding Societies I do not think it would come 
Within that of all of them. For instance, my Society is a geographical 
Society, and the members of it are business men, who have their time 
fully taken up ; in taking a survey such as is here contemplated in 
arcmeology you would lind that my Society would be woefully in the dark. 

* ^'pwever, lay it l:)efore my Committee, but I do not think that I 
shall receive much encouragement, or that tliis meeting will receive much 
encouragement from my Society on this subject. 
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Mr. Alfrc?d Browett : With tlio oiirlior port ion of Mr. Bevan^s remarks 
1 must say that I feol most heartily with him, and it would lie a great 
advantage if these remarks could be put on a leaflet and sent to the various 
Societies wdiich we are here to represent. Speaking for my own Society, 
I think that we are largely in a state of ignorance as to what is expected 
of Delegates to this Association. 1 cannot help thinking that if a small 
leaflet were drawn up by the Committee of the Delegates we should 
have something to guide us, and efforts w'ould be made to give effect to 
the suggestions that might be brought before us. 

Mr. Gray : Might I call attention to the fact that the Annual Reports 
of the Association explain exactly what the relation of the various Societies 
is to the British Association, and that all the work that is done at these 
Conferences is bi'ought, in the report, before the local Secretary of your 
Society, and it ought to be his duty to bring before the Council what is 
expected of you '? 

Dr. Vaughan Cornish : Do I understand that it is not the duty of the 
Delegate to bring these matters before the Society, but the duty of the 
Secretjiry of the Society I With wdioin does the function lie to bring it 
before tlie Society ? 

Dr. Carson : There is a copy of the Report of the Conferences of Dele- 
gates sent to the Delegate and also to the Secretary of each Society. 

Dr. Vaughan Cornish : But whose duty is it ? 

Mr. Gray : It is the Secretary's duty to bring it before them when no 
Delegate from the Society Inis been appointed, and it is the duty of the 
Delegate to do so when there is one. 

Mr. Sowerbutts : To make it secure that the Report of the Conferences 
is brought before the Societies it was resolved that the Committee be 
asked to send a report to the Secretary as well as to the Delegate. 

Profe.ssor Merivale : I wdsh to suggest that the Societies might do what 
the North of England Institute of Mining and Mechanical Engineers have 
done w'ith reference to geology. We have published sections of Northum- 
berland and Durham. That is rather a large order, and the majority of 
the Societies, even if they should wish to do it, may not be in a position 
to do it. I throw it out as a suggestion to include geology more 
particularly to draw your attention to the immense amount of useful 
work that would be done by the publication of geological sections. We 
have six good-sized voluiiie.s, and they are invaluable to the mining 
engineer, at any rate, anrl to othera in the district. 

Professor Kendall : I think the .suggestion is an admirable one, and I 
can see a way that the difticulty which Professor Merivale contemplates 
may be met. A Society which is poor can at least send reports to others 
which can be made available to all comers. It is appalling to think of 
tlje amount of geological iiifonnation of priceless value which is utterly 
wasted year by year. Many well-.sinkers take no trouble to record their 
work, and we only get very vague results. I think that if the local 
Societies would take up the matter and make persevering attempts to get 
into the confidence of the well -sinkers it might easily Ije^done. 

Mr. Henry Coates : Before the motion is put to the mating I should 
like to make a suggestion ; and it is this, that instead of coming to a 
formal resolution upon an important matter like this, it would perhaps 
clear the way if Mr. Bevan’s paper were printed in extenso and copies 
sent to each of the Societies, and the Societies instructed to consider that 
paper fully during the coming session, and Delegates be instructed to 
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report upon the position taken up at our next Conference, because there 
is a Rreat deal of detail in his paper that we have not heard to-day ; and 
I think it would form very good subject-mattcy for the Societies to con- 
sider in detail, and then we would be in a better position to come to a 
resolution at our next Confc?renco. It seems rather like taking an unfoi - 
lunate time of the day when we have to come to a resolution without 
having considered the paper fully. 

Professor Watts : I would suggest an amendment in order that the 
subject may be brought to an issue. I ought to say that I think any- 
thing in the way of systematising our work would be very important 
indeed ; but I do not think we can expect any good from generalities. 
The Society that I represent — the Caradoc and Severn Valley Field Club — 
has a little volume called ‘ A Record of Bare Facts.^ It is a very 
unamV)itious little work, but it nails down certain well known facts about 
the district. I g'loukl like to see a small Committee appointed to take up 
Mr. Bevan’s paper and bring something before us at our next meeting in 
a definite form. I therefore propose that a small Committee, including 
Mr. Bevan, should be appointed to consider this subject and bring a 
definite statement which could lie sent to the local Societies that we 
represent, with a suggestion to systematise work, because it is that kind 
of work that we practically want. 

Professor Merivale : I l)eg to second Professor Watts^ amendment. 

On the amendment being put to the meeting, after much discussion, 
fifteen voted for the amendment and two against it. 

The Chairman : Then the amendment is carried, and as a matter of 
form I propose to put it now as a substantive motion that this Committer 
be appointed. There is no one against it. 

A Committee was then appointed, consisting of the Rev. J. O. Bevan, 
Mr. William Gray, Professbr Watts, Professor Merivale, and Dr. Vaughan 
Cornish ; Professor Watts to be convener. 

Mr. Sowerbutts : Is there anything to report on the Conference as to 
the question of copyright ? We went to a good deal of trouble and ex- 
pense in gathering information to help us to see what the results of pub- 
lishing the Societies’ transactions when the proposals before the Com- 
mittee of the House of Lords were carried out. I suppose it did go before 
the Committee of the Association at least, and we are anxious to know 
how it stands. We are given to understand that the Committee of the 
House of Lords is to bo reappointed, Jind we should not be found asleep. 
It is of import^iiice that the publication of a man’s paper by us should not 
lose him the copyright. I sent a copy of the reports and of the cori*e- 
spondence to every Society, so that if the Delegates have not got it it is 
their own fault. 

The Chairman : The Council of the Association has empowered the 
officers to co-operate with other scientific Societies for mutual protection 
if this Bill should be brought forward again, but at present it has lapsed. 

The mcetii^ was then adjourned. 

Second Conference, September 17. 

The Second Conference of Delegates of the Corresponding Societies of 
the British Association for the Advancement of Science was held on Tues- 
September 17, 1901, Mr. F. W. Rudler, F.G.S., Chairman of the 
Conference, presiding. 



478 


REPORT — 1901. 


Tlie Corrosponclin" Societies Coininittt'o wore represented by Mr, W. 
Whitaker, .Mr. F. \V. Rudler, l>r. .1. (birst)u, the Rev. J. (). Bevan, 
and Professor \\\ VV. ^V'^4tts. The representatives of the Corresponding 
Societies present will be*foiind in the list of J)elegates. 

The Chairnian : It will he reineinhered that at our last meeting Cap- 
tain Dubois Phillips gave notice of amotion which he would bring forward 
to day, ami F now call upon him to move it. 

Captain Phillip.s : Tin* r«\solution I have to propose is in the following 
terms: ‘That the Correspoiuling Societies Committee be requested in 
future to bring before tin' Conference of Delegates some account of the 
outcome of the Confereme <»f the prece<ling year.* ‘(Food wine needs no 
])ush,* and I desist from making any remarks u}>on the resolution. 

Dr. ^^‘lughan Cornish : T rise to second the resolution moved by Cap- 
tain Phillips, which was to some extent discussed at tlie last meeting. 
Any outcome of this resolution must entirely lie within the di.scretion of 
the Corresponding Societies t-ommittee, and therefore [ follow the i^x- 
ample of C*aptaiu Phillips, and simply second that resolution without 
discussing its merits. 

Tlio Chairman : This motion has been movcrl by Captain Phillips and 
seconded by Dr. Cornish and the matter is open for discussion, but we 
discus.sed it so fully at the last meeting that T doubt wb(‘therit is reason- 
able to say much more on it m»w. AVe ai*e all agreed upon it. 

Mr. Whitaker : I am not going to discu.ss this resolution, a.s I have 
no doubt the Corresponding Societies Committee will fall in with it. 

The resolution was then put and carried. 

The Chairman : At our last meeting a small Committee of Delegates 
was appointed for the purpose of considering the suggestions brought 
forward by the Rev. Mr. Bevan ; and Profe.ssor M atts, as colivcner of that 
Comniittee, will kindly luring up the report. 

Profe.s.''Or NN’atts : Cominemlabh* brevity has been the keynote of this 
meeting so far, and I .shall try to follow on the .same lines. The Coiu- 
niittee met and, endeavouring t<i act in acconlanoe with the sen.se of the 
meeting .so far as they could gather it, have drawn up the following 
rocoiumendatitin which I .shall read presently. Tn so doing they htavo 
endeavoured t<i avoid in any way dicrtalitig to the local Societies which 
have been doing good work ahmg certain .sy.sten;ati(‘ lines, and we only 
wish to sugge.st lliat other Societit's might take some part in this work. 
Some Sooiet ies may take up one }}raiich and somi^ another. The mere 
fact that these Societies are repre.seiited here is .sulflcient evidence that 
they are doing good work on th(;ir own acctmnt, so that no (|uestion arises 
on that score. There aie certain subjects on which systematic work h«s 
been done, but that Nvnrk is of c<»inparatively little value> Ixfcauso of its 
not being carried on all over the country. Now, although local Societies 
are doing a good deal of work, there; an; frequently members who arc 
ready U) take up new line.s of work if tln.se lines of work are suggested 
to them. The Committee? have appcndcMl such a list, huji they regard that 
list as merely provisional for tliis year, and tlujy have livoidod in roost 
cases including su}>)ects wliich will be Vn'ought before this Conference by 
tht? Delegates from the difFerent sections. They would like to ask that 
this list should stand or fall as it i.s for this year, till it is seen how it 
works. If the matter is good, then the list can be added to or subtract^ 
from, and in any case the work can be capitalised in that way. This is 
what the Committee recommend : — 
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The following provisional list of subjects, together with the names of 
some of the Societies which have already done work in connection there- 
witli, and the names of persons who would be willing to receive com 
niunications thereon is rfjcorn mended by the Conference of Delegates for 
adoption by the Corresponding Societies Committee of the British Associa- 
tion, and to be issued by them to the Corresponding Societies in the hope 
that those Socicjties not already engaged in similar work may take part in 
so much of it as comes within their scope, in order that the work may be 
extended over a wide area, and be done as far as possible upon a uniform 
systc*m : — 

‘ Jtogistration of Type Specimens,’ Dr. A. Smith Woodward. 

‘Coast Erosion,’ ^Alr. W. Whitaker. 

‘Kecord of Don^ Holes, Wells, and Sections,’ North of England 
Institute of Mining and Mechanical Engineers, and Prof. J. H. Merivale. 

‘Tracing the Course of I’^nderground W'ater,’ Yoikshire Geological 
and Polytechnic Society, and ^Ir. A. R. 1 )werryhouse. 

‘ Erratic Bl<»cks,’ Yorkshire Naturalists’ l^nion, and Professor P. F. 
Kendall. 

‘Geological Photographs,’ Belfast Naturalists’ Field Club, and Pro- 
fessor W. W. Watts. 

‘ Underground Fauna,’ llev. T. R. R. Stehhing. 

‘ Variations in the Course of Rivers and Shape of Lakes,’ Dr. H. R. ^fill. 

‘ Archaolngical Survey by Counties,’ Woolhope Field Club, and 
Rev. J. O. Bovan. 

‘ Etiinographical Survey,’ Anthropological Institute. 

‘Botanical Survey by Counties,’ Mr. W. G. Smith. 

‘ Pliotographic Record of Plants,’ Mr. A. K. Coomara-Swain}". 

I beg, then, to mov(' tlmt that report of the Committee be adopted. 

Mr. Gray : 1 have pleasure in seconding the motion. As one who 
went over the list, any objections that I had Iuia c been effectively met by 
the report of the Committee. 

The Chairman : This resolution ha.s been moved by Professor Watts 
and seconded by Mr. Giray, and the subject is now open fi>r discussion ; 
but I would venture to remark that as we have a great <loal of work 
likely to come before us this afternoou, those Delegates who favour us 
with their views should do so as concisely as is consistent with clearness. 
That suggestion I am bold enough to make, not for the purpose of fetter- 
ing discussion, but to avoid any undue prolongation of our sitting. 

Captain Phillips : Since last meeting I have taken some pains on the 
subject of the suggestion brought bc'fore the nu.'eting by the Rev. 
Mr. Bevan. I have written t(» Jjiverpool, and I liiid tliaf most of the 
work that is spoken of, arclueological, geological, and biological, has been 
taken up for years by the Societies there, and the work lias been done 
and is all tabulated and charted. I think something might be done by 
this Conference getting into i*ominuiiication with the different Societies, 
and getting thm work done so as to make a harmonious wliole for the 
country, instead of having it only in detached groups. 

On being put to the meeting tln^ mol ion was unanfmously agreed to. 

The Chairman : I undei*stand from Dr. Garsoii that we ai*e favoured 
to-day with the presence of certain members from the various sections, 
and it is my duty to call upon those representatives to tell us whether 
they have anything to report or not. 
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Section A, Mathematical and Physical Science. 

Tlio Chairman : Tho work of Si'otion A iiicliulos Meteorology, which 
is a subject vtM V largely taken up hy the (.'orrt^spomling Societies, and 
often discussed in these Conferences. As there cUk*s not seem to be ai^ 
representative present, we pas.s to 

Skctiov I>. Chkmi.stiiv. 

Pn)fessor lierhert ]\PIjf'oil : I should lik«^ to say on behalf of Section 15 
that we have nominated a C^> 1 nmitt<'o to register the stdentillc chemists 
who are at work at ditFerent manufactories, fjately a great contrast has 
}>een drawn between the way that this country and (»erinany and other 
countries are using trained chemists in all their works, and we are 
seriously afraid that the numhers in this country are very small. The 
Committee was nominated hy Section 15 to investigate this matter the 
suggestion of l>r. Armstrong. It strikes me that it is not impossible that 
many of the members of this Conference might he able to assist in finding 
out the names of these people. It is not easy for persons living in 
London to send round to the different works and make imjuiries when 
they may not know even of the existence of these works, and these 
gentlemen may not be able assist. 

1 should like to refer to another .subject which rather interestsi 
me at the present moment I mean the tremendous numb*‘r of scientific* 
serials that exist. I do not say that they are n<»t of the greatest possible 
value, but when I tell you that there im? alx)Ut 4,000 serials that 
have to be indexed for the International Catalogue, you may know the 
amount of time that is consumed in indexing them. 1 have in my hands 
the continuation of the (Catalogue of scientific papers of the Royal Society 
from 18^4 to 1900, and I cannot tell you the number of periodicals of 
which w’e have a list, hut it must not be far short of 1 ,000. It i6 possible 
that these may contain paj>ers of great value, and some must be of com- 
paratively small value. We do not wish to catalogue any reprints or abt 
stracts. I think that many members of this Conference might be of great 
assistance to us in telling us what would l)C advisable to index in their ' 
own periodicals, and if any of you will be good enough to write to me on 
the subject I shall be dfdighted. We begin at 1884, and we go up to 1900. 

The Chairman : I understand that the representatives of the Sections 
are suppo.sed to explain tc» the Deh»gatos what work the Corresponding 
Societies can do to assist tlio various Committees that arc appointed by 
the Sections. Then we come to 

Section C, Geology. 

Mr. A. »S. Reid : I was asked to represent Scjction C. Tliero has been 
no new Committee nominated in Section C, and there are only the oldi;)nes. 
The subjects which appeal to all the Societies are geological and photo- 
graphic subjects, the registration of type specimens of '^sils, and the 
movement of underground waters. The other subjects do not appeal to 
so jnany. The exploration of Irish caves does not naturally appeal 
to any of the English or Scotch clubs, and the study of the structure of 
crystals is more a matter for <’xpcrt.s ; hut we have the subject of erratic 
blocks and their area. The Geological Photographic Committee has been 
doing certain new work during this term of office, which Professor Watts 
could explain. 
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Professor Watts : 1 am glad to take this opportunity of expressing 
how deeply grateful I am to the local .Societies for the help they have 
given me during the time I have been Secretary of the Geological Photo- 
graphic Committee. I should think that there are twenty Societies 
which have contributed photographs, often very valuable ones, and at 
least twelve Societies have done something or other towards making a 
photographic survey of their geological districts. If there are any gentle- 
men present at tin’s Conference belonging to the counties at present 
unrepresented which I am going to mention, I hope they will see that 
their counties are no longer unrepresented. Rutland, Huntingdon, and 
Cambridge are the only counties in England which have not yet con- 
tributed. There ^are three Welsh counties and eleven Scotch counties 
and fourteen Irish counties. Amongst these counties are such interesting 
counties as lirecknock, Dumbarton, lloss-shire, Wicklow, Kilkenny, and 
Waterford, in af of which there is a lot of geological work to be done. 
I think I should make some slight allusion to the Publication Committee 
that has been formed in association with us. It was thought that there 
were a good many Societies which might like to have copies of photo- 
gi'aphs, and there have been made sixty or eighty or possibly a hundred 
sets of prints of interesting geological phenomena. Delays have un- 
fortunately occurred, but still we are pushing on, and hope to complete 
the publication within the specified time. The set of photographs that 
should have been issued in 1900 is still unissued, but the prints are pre- 
pared, and tlie slides will very, shortly bo prepared, and I hope they will 
be issued to subscribers within a month. 

Mr. Whitaker : I would like to add a word on this matter, referring 
not only to Section C, but to others. Unfortunately the grants were 
much cut down. An application was made for a grant for the geological 
photographs, and instead* of obtaining 10/. it has fallen to 5/. I hope 
some means will be taken to make up the 5/., because I am afraid if we 
do not Professor Watts will sutler in pocket, and that is not a thing that 
should be allowed. It is a splendid Committee and does magnificent 
work, and I have benefited very much by it, and through me others have 
benefited by it, hut the absence of money is very unsatisfactory, and 
somehow or other we must try to get a little more funds. 

The Chairman : We are greatly indebted to Professor Watts not only 
for giving this interesting explanation to the Conference, but also for the 
amount of labour ho has spent upon this work. He is the life and spirit 
of the Committee, as we all know, and it is pleasing to hear that he has 
been so ably assisted by a large number of local Societies that are in 
correspondence with us. 

Professor Kendall : I should like to put in a word about the grant 
for the erratic blocks. I had 01. last year and spent it all and more than 
all. I thought that I would make a modest demand this year, and that 
if I asked for 10/. I should get 5/. I modestly asked for 5/. and got 
nothing at all. JChat is rather a hard case. The expense of the erratic 
blocks CommiWee is considerable. In the present year it is particularly 
unfortunate'. In my report I am making an offer which will inevitably 
involve an expenditure of time, which we all expect, and of money, which 
we do not expect. Three years ago I visited Norway to study and collect 
specimens of the most characteristic rocks of Norway that we know to 
occur in the British group, and I have brought back about a ton of them. 
Last year I went and collected on a liberal scale the rocks on the 
1901. 1 1 





Cheviots witli the same end, and in the present year I have sent sets of 
rocks to aiiv local Society making application for such type rooks as ere 
likely to occur in their districts. I made that reservation, because I do 
not see the use of supplying a South Welsh Society with Norwegian rocks, 
or of sending rocks from the Lake IHstrict to the North of Scotland. 
This involved me in a good deal of trouble and a good deal of expense, 
but I grudged noitluu* the trouble nor tlie t‘xponse wliile the work was 
eontinued, but it is iny experience that local Societies will just go as far 
as they are pushed, and directly we leave olV pushing they stop. Wo 
have a magnitieent record of erratics in tho Liverpool district, but 1 am 
inclined to think that the local Societies there consnler that they liave 
reached an approximate tinality in this work. We have also hod records 
of the Pennine Chaiti through Ljincasliire and Yorkshire, hut with these 
exceptions we have scarcely any rec<;nls coining in at the present time. 
The Isle of ^lan was being done, also the North of Ireland under tho 
very energetic guiilanct* of the Belfast Naturalist Society, who have done 
very admirable work : but these are two bright spots over a very dull- 
looking map. In Scotland we have no erratics recorded at all. I sent a 
circular to every one of the Corre.s|K)nding Societies, and I got a small 
number of responses ; one response which came from Scotland gave 
me the assurance that the erratics in Scotland liacl been done, but T 
have failed to extract any u-sefid or any considerable amount of useful 
information from tlie records, which relate largely to the position of 
ljouldorsan<l other characteristics. I had only a few record.s from Ireland. 
The .scope of this Committee ha.s been enlargf'd deliberately at the request 
of the Coiiimittee it.self, and I do hope that the Clorrespoiuling Societies of 
the British Isles will make a response, and if any locality will indicate 
anything in reason in tho way of assistance J can give by means of 
specimens, I shall Ijo very pleased. 

'Die Chairman : Professor Kendall has our sympathy in tho unfortu- 
nate po.sition in which lie lind.s himself. We may now pass to. 

Section D, Zoolocy. 

^Ir. Denny : I am supposed to represent Section \X Just at the end 
of the bu.siness of the Committee I was asked to come here as a substitute, 
but I am not coniniissioned to bring anything before the Committee. 

The Chairman : W e next turn to 

Section E, Geoghapiiy. 

Dr. Vaughan Cornish : I am delegated hy Section E to bring before 
this Conference a new matter which has arisen at thi.s meeting. You will 
have heard that there was a joint Conference of two or three Sections on the 
subject of Limnology, the study of lakes. This, of course, is a subject which 
can only appeal to a limited number of Societies — those in whoso areas lakes 
occur — but it is hoped that the.se Societies which are fortunate enough to 
possess lakes in their districts will give their attention *10 this new pro- 
posal for tho systematic study of the lakes of the British Isles. It is 
thought that the local Societies could assist in tho early stages of that 
work, more particularly by collecting the bibliography or local publications 
relating to lakes ; and if any of theso references or publications of local 
Societies are sent to Sir J ohn Murray he will be very glad indeed to 
receive them. Geography nowadays is liecoming local in its chc^raoter, or 
perhaps I should put it that the people of tho British Isles are beginning 
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to turn their attention to the geography of their own country. 1 do not 
think a meeting of the British Association ever passes but that there are 
papers read which arc distinctly local in their character. So far as the 
Glasgow meeting is concerned, I I’efer particularly to the papers which 
were read on Friday in Section E by Professor Scott Elliot on ‘ The 
Effects of Vegetation on the Valley and Plains of the Clyde * ; the second 
by Dr. Marion Newbigiti on ‘ Proposed Geographical Survey of the Valley 
of the Forth * ; and the third by Professor W. O. tSmith on ‘ A Botani- 
cal Survey of Scotland.' The iiuthoi*s of these papers will be glad to receive 
any as-sistance they can get from the local Societies, and I am directed 
generally to draw the attention of the Delegates to the meetings in 
Section E and to the discussion of local questions which occur there. 

The Chairman : The subject of Limnology, which has received a great 
deal of attention on the Continent, has been ably dealt with in this 
country, especia’^y by Dr. Mill ; and I believe that Sir John Murray is 
to bo associated with Mr. Lawrence Pullar in the survey of the British 
lakes about to be undertaken. If no one else wishes to speak on this 
matter, w-hich has Ikjcu fully discussed elsewhere, w'c will pass on to 

Sectiov F, Economic Science and Statistics. 

This Section is apparently not represented, so w'e proceed to 
Sec tion G, Engineekino. 

Professor Dalhy : I may state that we have two Committees at work at 
present, one of which has been sitting for alxmt twenty years endeavour- 
ing to Standaniise Small Screw Threads. Standards seem to be settled 
according to the caprice of the ditlerent makers ; the Committee has 
consequently been endeavouring to bring into operation a universal 
standard ; in fact, such a standard has been proposed and has been put 
into operation, and has been practically accepted in Paris ; but as the 
didiculty in making a standard arises on account of the form of the 
thread, it is more a recommendation that has been made in order to 
obtain a simpler form of thread than has been done before. Any informa- 
tion on the point of screw-threads will be welcomed by the Committee. 

The other Committee that T spoke of w’as only formed last year, and 
refers to a subject wdiich may be interesting — I i*efer to Road Traction. 
A Committee was formed to lind out how much it costs to pull a 
wheeled vehicle over different kinds of roads, and the Committee will 
be very glad to hear about the difterent kinds of roads in different dis- 
tricts in order that they may be included in the experiments. Of course 
the object of the experiments is not so mucli for horse-drawn vehicles as 
for motor-cars, and the investigation is to lind out how much it costs to 
take these motor-cars over high roads. I liope wo sliall receive help on 
this question. 

The Chairman : We are very much indebted to Professor Dalby for 
these remarks, and I hope that some Society will see its w’ay to give 
assistance in tHSso matters. Wo now come to 

Section II, Antruopology. 

Mr. H. Balfour : I was sent as representative of this Section to put 
before you some suggestions on tlie subject of collecting anthropological 
photographs. I was asked to state that any photographs and negatives 

xif 
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ill thr hfiiuls of tho Coniniittoos of the Corrospoiuling Societies, or indivi- 
duals connected witli tliose Societies, might be made more widely Accessible 
to persons who are engageil in anthropology and iirclneology, if, after a 
a negjxtive is linislicd witli fur the time being, it were deposited in some 
I'ocognised centre, say tho Anthropological Institute, and placed at the 
disposal of qunlitied people for use. Jn the case where tho negatives are 
retained by their owners and not deposited as suggested, tliese might he 
i*egistered in such a way that people may he able to liiid out what photo- 
graphs have been taken, and whether they can be used for scientitic 
purposes. That is one suggestion that 1 have to make, and 1 do not think 
it is neoes.>ary to enlarge on the subject. It has l»e(*u already mooted in 
connection with other Sections, and T think it is obvious Co all that it 
w'ould l>e a very great convenience to those working at Anthropology. 

Another suggestion tliat I should like to bring forward is that this 
Conference should draw the attention of the Corresponding Societies to tho 
very great desirability of systematically collecting and recording instances 
of the survival of primitive ciiNtoms, industries, applianct^s, and so forth, 
r am well aware that there is a great «leal done in this direction, and I 
do not need to mention ii* you the enormous value which anthropology 
derives from survivals of primitive customs. Numbers t>f such survivals 
are still existing in our surroundings and only want recording. Many of 
these customs, of the very greatest interest to the student of primitive 
culture, an? dying out at such a rapul mte that wc should endeavour at 
once to record them as far as possilde and photograph them if they arc 
interesting. I hoj)e that all the Corresponding Societies will be willing, 
on the suggestion of Section H, to liear this matter in mind. I would 
only mention or bring to your recollection that much of tho very large 
amount of valuable work that Ceneral Pitt-Kivers did in his lifetime was 
due to his study of survivals. They will fill up the gaps in the archieo- 
togical records in a way that these could not be filled up otherwise. I 
need say little about the importance of recording them, but I may make 
one remark. No one can have a higher admiration for the very noble 
institution known as the British Museum than I have, but at the same 
time I have a sort of uneasy feeling that it is representative of almost 
everything except British arclucology and ethnology ; and one object in 
raising this matter to day is to suggest that this systematic collection of 
all such things as I have referred to should be made with a view to esta- 
blishing some day a museum which will adequately represent the past history 
of our own country, not only the prehistoric period, but also the later 
mediaeval and peasant life of the country which has not received sufficient 
attention so far. Every big town on the Continent, especially in the 
western part of it, ha.s its Folk Museum, but we have nothing of the 
kind. Isolated attempts to deal with the matter in a somewhat simple 
manner are to l>e found, but nothing on any adequate scale. If it were 
possible to aim at the formation of a museum wlqch would represent that 
side of culture, I think that w'o should have done a piece of work which 
will be well worth supporting. ^ 

Dr. Garson : In support of what Mr. Balfour has just said, I tbinh 
I •might refer to the last year'.s report, where it is stated that the Com- 
mittee which he is representing wants photographs of prehistoric stone 
monuments, stone implements, primitive pottery, and all objects con- 
nectefl with local superstitions and the like. Objects of this kind 
frequently to be found in local museums, and sometimes they are peculim^ 
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to the locality only, but their existence is unknown very often except to 
a few people in the locality. 

The Cnainnan : I can assure Mr. Balfour that we are fully sensible 
of our obligations to him for hLs very interesting remarks on this subject, 
which will probably give rise to discussion. 

llev. J. (). Bevan : I do not know that I have anything to say except 
about the anthropological map which I hope will be concluded very soon. 
As to the other subject that Mr. Balfour spoke alx>ut, the question of 
survivals, it is one that commends itself to the attention of the Delegates. 
Here in Scotland one ouglit to meet with a great many interesting 
samples, and anyone who has paid a visit to the local museums here will 
agree that they show very valuable material still available. 

Mr. Reid : Might I ask the representative of Section H what one 
should do in the case of local dances ? I know of a dance that occurs in 
one of the islands in Scotland that is entirely unknown anywhere else. 
It is a kind of morris-dance, with a set of words that are handed down 
by father to son. 

Mr. Balfour ; One might obtain a surreptitious photograph of it 
No doubt photographs would be worth getting of anytliing of that sort. 

Dr. Carson : I may say that in connection with obtaining photo- 
graphs of dances, tliere is a camera, made by Watson, in the shape 
of an opera-glass, wliich photographs at right angles to the direction in 
wliich you appear to be looking. Probably by that apparatus some of 
those dances could be recorded. 

After further remarks tlu? Chairman passed to 

Skction K, Bgt.\nv. 

Mr. Harold Wager : I have been asked by the Committee of 
Hcction K to bring to your notice two new Committees which have been 
formed this year, in which the members of local JSocioties may be of great 
help. One of these is the Committee nominated to investigate the struc- 
ture of blue-green algie. The determination of the structure of these 
organisms is of great theoretical interest, and we shall be very glad 
if the Delegates would call the attention of their botanical members to 
the fact that specimens which may be obtained in various conditions will 
he extremely helpful in elucidating the important point of structure. 
If specimens can be sent to myself at Arnold House, Derby, we shall be 
very grateful. The oth(?r Committee is one which has been appointed to 
consider the desirability of collecting, preserving, and systcnnatically 
I'cgistering photographs of botanical interest. We have been in com- 
municjition with Professor Watts, and it is felt that botanical photo- 
graphs, arranged on the same plan as the geological photographs are 
arranged, would be extremely helpful to us. A collection of photo- 
graphs of rare plants growing in their natural habitats would he extremely 
'n Ml generally photographs would be a great help in systematic- 
Q-oy illustrating^^he characteristic formations of the various vegetation 
areas, such nsMiioor, soft marsh, and so forth. Again, photographs of 
insects, plants as parasites and cliinliing plants, would be ex- 
remely interesting in a photographical botanical record. It is hoped 
nat there may be a cla^sitication of those arranged on the same 
as has been found successful by the Geological Photographic 
ommittce, and I would ask any Ixitanical Society, if they have any 
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^ i)i8 to spaitj, to send them to Professor Weiss of Owens College, 
Manchester, who is the SetTOtary of the CtJuimitteo. I have also to 
inform you that Professor Weiss will send out circulars to all natural 
history Societies communicating the wants of this Committee, and asking 
them to he good enough to help us as far as they can. 

Mr. Whitaker : I am the representative here of a Society which does 
a certain amount of work, and our nuunhcrs would delighted to help. 
I have seen many line photographs of structure and nhnornml growth, and 
photographs of special fungi collected at some of our meetings, and I have 
no doubt that other Societies will l>o in the same [)osition. If Professor 
Weiss sends a circular to our Societies he will get something from them, 
and I am sure that they will endeavour to help him. 

Mr. Coates : In our Perthshire Society, owing to the difficulty of pre- 
serving specimens of fungi, we have commenced making a complete series 
of photographs of all the fungi of the county. Our botaniciil members 
collect tiiein and bring tiicni to our rooms and the photographic ineiiiliers 
reproduce them. This might be found useful in other districts. We have 
them in our museum, and it would be <juite easy to have duplicates made 
for other parties. 

Mr. Wager : What we want is to liave a botanical record. 

^Ir. Coates : I think many other Societies would be only too glad to 
do the same. 

Professor Watts : I think it might Ije worth while to call the atten- 
tion of any local Society taking this up t<» the fact that they might form a 
duplicate collection, each in its own locality. Tliat has lioen done in some 
Societies in geological matters, and in this cose it would be very important 
for the local Society to keep a set of prints in the locality. With rctgard 
to any other point, I shouhl be only too delighted to give help to Pro- 
fe.ssor Wei.ss in the details should this be .satisf;|ctory. 

The Chairman : Jlotany is a department of natural knowledge that is 
so universally cultivated by local Soci ‘tie.s that I hope the suggestions 
that Mr. Wager has favoured us with will bear much fruit. If no one 
else desires to address the Conference on l>iology wc shall pa.ss to 

^KCTioN L, Education. 

Dr. Kirnmins : T have been desired by this now Section to say tbatwc 
have formed three Committees this year, but they are not on subjects which 
the Corresponding Societies could render any delinite as.sistance. It is, 
however, very probable that in future years wc will form Committees that 
will necessitate local investigations, and then we will appeal to you to 
help us. 

Mr. Whitaker : The British A.ssociation has a remarkably good col- 
lection of the publications of local Societies. It is growing vastly, and as 
the space at the offices of the Association is limited it is a question as to 
wliat will lie done with it in time. The great thing is to put it where it 
can be useful, and any suggestions on that subject would-be welcome. 

The Chairman : Has any other Delegate any other suiject to bring 
forward ? If not, I have to thank you very heartily for having attended 
on these two occasions, and we shall now adjourn until the next meeting 
of the British Association a year hence. 

On the motion of Dr. Vaughan Cornish a hearty vote of thanks was 
given to the Chairman. 
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Catalotjun of tho inore iniportant PitperUy and eapecmlUj those referring to 
Local Scientific InrcstifjntionSy published bp the Corresponding 
Societies daring the pear ending June 1, 1001. 

This catalopio conlains only the titles of ixipors puhlisliocl in the. volumes or 
]iarts (.)f the puhliealions of the t'orrespoiidinj^ iSocieties sent to the SecreUiry of 
the Committee in accordance with Kule 2. 

Section A. — MATHEMATICAIi AND PHYSICAL SCIENCE. 

Bladen, W. Wells. Iloport of tho Meteorological Section. ‘ Trans. 

X. Staff. F. C.’ XXXV. 120-121), 1901. 

Blyth, Vincent J. On the Thermal Conductivity of Sub.stauces of very 
Low Conductivity. * Proc. (Hasgow Phil. Soc.’ xxxi. 139-141, 1900. 
Bil\ckett, AitTHi'irw. Science at the close of tho Eighteenth Century. 

‘ South-Eastern Naturalist.’ v. 39-lG, 1900. 

Brown, ^I. Walton. Barometer, Thermometer, Ac., Readings for the 
year 1899. ‘ Trans. Inst. Min. Eng.* xix. 559-i508, 1900. 

CAMPHELL-BAYARn, F. Mcteorological Report for 1899. ‘ Trans. Croy- 
don M. N. II. C.’ IV. 8-10, and Appendices of Tables, 50 pp., 1900. 
Chamhees, G. F. Eclipses of tho Sun, with especial reference to the 
Eclipse of Mav 28, 1900. ‘Trans. Eastbourne N. II. Soc.* iii. 
235 211, 1901.' 

Collins, J. R. The Phenomena of Surface Reflection of Liglit. ‘ Trans. 
Toronto Astr. Soc.’ xi. 21 20. 1901. 

Cresswell, Alfred. Records of Meteorological Observations taken at 
the Observatory, lulgbaston, 1900. ‘ Birrn. and Mid. Inst. Sci. Soc.’ 
20 pp, 1901. 

Crossman, Major-Gen. SirWM. Meteorological Observations at Cheswick, 
1899. ‘ History Berwick.sh. Nat. Club,’ xvii. 103, 1900. 

Denning, W. F. Tho Observation of Shooting Stars. ‘ Trans. Toronto 
Astr. Soc.’ XI. 30 40, 1901. 

Draper, Dr. C. H. Tho Skin of Li»juids. ‘South-Eastern Naturalist,* 
V. 47 55, 1900. 

Eaton, II. S. Returns of Rainfall, Ac., in Dorset in 1899. ‘ Proc. 
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TRANSACTIONS OF THE SECTION& 


Sectioh a,— mathematical AND PHYSICAL SCIENCE. 

President op the Si:ction.— Major P. A. MacMaho.v, U.Sc., F.R.S. 


TlIUllSDA j; SEPTEMBER 12. 


The President delivered the following Address:— 


DtJRiNO the seventy meetings of the Association a pure mathematician has been 
president of Section A on ten or a dozen occasions. A theme taken by many has 
been a defence of the study of pur»‘ mathematics. I take Cayley s view expressed 
Wore the whole Association at Southport in 188.‘> that no^defence is necessar}', 
but were it otherwise I feel that nothing need be added to the eloquent words of 
Sylvester in 1809 and of ForeSyth in 18ti7. 1 intend therefore to make some re- 
marks on several mattens wliich may be interesting to the Section even at the risk 
of being considered unduly desultory. 

Before commencing I must remark that during the twelve months that have 
elapsed sinci* the Bradford MAding we have lost several great men whose lives 
were devoted to the subjects of this Section, llermite, the vetenin mathema- 
tician of France, has left behind him a splendid record of purely scientific 
work. Ilis name will be always conm*cted with the Herculean achievement 
of solving the general quintic equation by means of ellii)tic modular func- 
tions. Other work, if less striking, is equally of the highest order, and his 
treatise ‘Cours (rAiialyse’ is a model of stylo, (^f FitzGerald of Dublin it 
is not easy to speak in this room without emotion. For many years he was 
the life and soul of this Section. Ilis enthusiasm in regard to all branches of 
molecular physics, the force and profundity of his speech, the vigour of his advo- 
cacy of particular theories, the acute thinking which enabled him to formulate 
desiderata, his warm interest in tlie work of others, and the unselfish aid he was 
so willing to give, are fresh iii our remembrance. Howland was in the forefront of 
the ranks of jjhysicist**! Ills death at a comparatively early age terminates the 
important series of discoveries which were proclaimed jfrom his laboratory in the 
Johns Hopkins University at Baltimore. In Viriamu Jones wo have lost an 
assiduous worker at physic-s whose valuable contributions to knowledge indicated 
his power to do much more for science. In Tait, tkiotland possessed a powerful 
and original investigator. The extent and variety of liisjpaprs are alike remark- 
J-ole, and in his collected vvorks there exists an imperishable monument to his 
fame. 


It 18 interesting, in this the first year of the new c'enturv, to take a rapid 
glance at the position that matheiuaticians^of this country held amongst mathe- 
} Bwticians a hundred years ago. During the greater part of "the eighteenth century 
^ mathematics in England, Scotland and Ireland had been at a very 

ow ebb. Wheieas in 1801 on the Continent there were the leaders Lagrange, 
aplace and Legendn*, and of rising men, Fourier, Ampere, Poisson and Gauss, we 
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could only claim Thomas Yoitug and ivory as men who were dotoff notable work 
in researoL Amongst schoolboys of vanoiis wo note Fresnel, Bessel, Cauchy, 
Chaales, Lam<5, Momus, v. Staudt and Steinur on the Continent, and Babbsffe, 
Peacock, John Ilerschel, Henry ParrIIamilton and Oeorffe Green in this 
country. It was not indet^d till* about 184d or a little later that we could point 
to the* great names of Wiiliani Kowaii Hamilton, MacCuIlagli, Adams, Boole, 
Salmon, Stokes, Sylvester, Cayley, William Thomson, H. J. S. Smith and 
Clerk Maxwell as adequate representatives of mathematical science. It is 
worthy of note that this date, 1840 , marks also the vear of the dissolution of a 
▼ory interesting society, the Mathematical Society of Sj^italtields j and 1 would 
like to panst' a moment and, if I may say so, rescue it Irom the oblivion which 
seems to threaten it. In 1801 it was already a venerable institution, having 
been founded by Joseph Mid<lleton, a writer of mathematical text-books, in 
1717.* The members of the Society at tlic beginning were for the most part 
silk- weavers of French extraction ; it was little more than a working man’s 
club at which questions of mathematics and natural philosophy were discussed 
every Saturday evening. The number of members was limited to the * square 
of seyen,* but*later it was increased U* the ^srpiare of eight,* and later stul to 
the 'soiiart' of nine.’ lu 1725 the place of meeting was changed from the Mon- 
mouths Head to the White Horse in Wheeler Street, and in 1735 to the Ben 
Jouson’s Head in Pelham Street. The subscription was six-and*sixpence a 
quarter, or sixptmce a week, and entrance was gained by production of a metal 
ticket which had the prop<^sition of Pythagoras engraved on one side and a sighted 
quadrant with level on the other. The funds, largely augmenttvl by an elaborate 
system of tines, were chiefly used for the purchase of books and phjreical 
apparatus. A president, treasurer, inspwtor of instruments and secretary were 
appointed annually, and there were, bt'sides, four stewards, six auditors, and six 
trustees. By the constitution <»f the l^ociety it was the duty of every member, if 
be were ask(^ any roathe mat teal or philosophical question by another member, to 
instruct him to the Ix^st of his ability. It was the custom fur each member in 
rotation to hxrture or perform exp^iments at each evening ineetio^. There was 
a tine of half-a<crowu for introducing controverted |K>iots of divinity or politics, 
'fhe members dined together twice auiiimlly, vix., on the second Friday in January 
in London in Commemoration of the birth of Sir Isaac Newton (this feast fire* 
quently took place at the Black .Swan, Brown's l«ane, Spitaltields), and on the 
second Friday in July * at a convenient diKance in the country in commemoratbn 
of the birth of the founder.* The second dinner frequently fell through because the 
members could not agree as to the locality. It ^vas found necessary to introduce 
a rule tining members sixpenct; for letting off fireworks in the place of meeting. 
Every member present was entitle<l to a pint of lieer at the common expense, 
and, further, every five membt^rs were eiititlcKi to call for a quart for coosump" 
tion at the meeting. Such were some of th<; quaint rt^gulutiuiis in force when, 
about the year 17.50, the Society moved to larger apartments in Crispin Street, 
where it remained without interruption till 1843. It appears from the old muiuto 
books that about the year 1750 the Society altsorbed a small luatlieinatical society 
which used to meet at the Block Swan, Browifs Lane, above mentioned, and 
that in 1783 an ancient historical .v^ciety was also incorporated with it. By 
the year 18tX) the class of the mcmliers had become impro\*ed, and we iiod 
Some‘S well-known names, such as Holland, Simpson, Saunderson, Grossley, 
Paroissen and Gompertz. At this time lectures were given in all inches of 
science by the members in the Society’s rooms, which on these oocasions were 
open to the public on nayment of one shilling. The arrangements for the 
session 1822-23 included lectures in meebaoios, hydrostatics and hydraulics, 
pneumatics, optics, astronomy, chemistry, electricity, galvanism, magnetism 

* Its first place of meeting was the Monmouth's Head, Monmontb Street, Spital* 
fields. This street has long disappeared. From a map of London of 1746 Itappoow 
to have run iximllcl to the present Brick Lsinc and to haveoorrosponded to the present 
Wilks Street. 
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tnd botany, illustrated by experiments. On account of these lectures the 
S^iety bad to 6^ht an action-at-law, and although the case was won, its slender 
resources were crippled for many years. In 1827 Benjamin Gompertz, F.R.S., 
succeeded to the presidency on the death of the liev. George Paroiaeen. From the 
year 1880 onwards the membership gradually declined and the financial outlook 
bwame serious. In 1848 there was, a crisis; the Society left Crispin Street for 
cheaper rooms' at 0 Devonshire Street, Bishopsgate Street, and finally, in 1845, 
after a futile negotiation with the London Institution, it was taken over by the 
Koyal Astronomical Society, which had been founded in 1821. The library and 
documents were acrcepted and the few surviving members were made life members 
of the Astronomical Society without payment. So perished this curious old insti- 
tution ; it hud amassed a really valuable library, containing books on all branches 
of science. The Astronomical Society has retained the greater part, but some have 
found their way to the libraries of the (Jbemical and otlier societies. An inspec- 
tion of the documents establishes that it was mainly a society devoted to physics, 
chemistry and natural history. It had an extensive museum of curiosities and 
specimens of natu*‘fil history, presented by individual members, which seems to 
have disappeareil when the rooms in Crispin Street were vacated. It seems a pity 
that more effort was not made to keep the old institution alive. The fact is that 


at that date the Hoyal Society had no sympathy with special societies and did all 
in its power to discourage them. The Astronomical Society was only formed in 
1821 in the teeth of the opposition of the lioynl Society. 

Reverting now to the date 1846, it may be said that from this period to 
1860 much good work emanated from this country, but no Mathematical 


Society existed in liOndon. At the latter date the pre.sent Society was formed, 
with De Morgnn as its first President. Gompertz was an original member, 
and the only person who belonged to Ixith the old and new societies. The 
thirty*three volumes of proceedings that have appeared give a fair indication 
of the nature of the mathematical work that has issued from the pens of our 
countrymen. All will admit that it i.s the duty of anyone engaged in a particular 
line of research to keep himself abreast of discoveries, inventions, metuods, and 
ideas, which are being brought forward in that line in his own and other coun- 
tries. In pure science this is* easier of accomplishment by the individual worker 
than in the case of applied science. In pure mathematics the stately edifice of the 
Theory of Functions has, during the latter part of the century whi^ has expired, 
been uowly rising from it.s foundations on the continent of Europe. It had reached 
a considerable height and presented an imposing appearance before it attracted 
more than superficial notice in this country and in America. It is satisfactory to 
note thkt during recent years much of the leeway has been made up. English- 
speaking mathematicians have introduced the first notions into elementary text- 
books ; they have written ndvanceil treatises on the whole subject ; they have 
encouraged the younger men to attend courses of lectures in foreign universities ; 
so that to-day the Wst students in 6ur universities can attend courses at home 
given by competent persons, and have the opportunity of acquiring adequate know- 
l^ge,^ and of themselves contributing to the general advance. The Theoir of 
Junctions, being concerned with the functions that satisfy difierential equations, 
has attracted particularly the attention of those whose bent seemed to be towards 
applied mathematics and* mathematical physics, and there is no doubt, in ^alogy 
^ith the work of Poincard in celestial dynamics, those sciences will ultimatdy 
denve great benefit firom the new study. If, on the other hand, one were asked 
^ {‘Pacify a^ department of pure mathematics which has been treated somewhat 
^Wly in this country during the last quarter of the last century, one could point 
w geometry in general, and to pure geometry, descriptive geometry, and the 
tneory of surfaces in particular. This may doubtless be explained by the cir- 


problema that present themselves in their discussion are of such commanding 
from the point of view of the general advance of mathematical science 
. aat those subjects naturally prove to be most attractive. 

A® rc^firds organisation and co-operation in ipathemgtips, Germany, I believe, 
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Atftnds first. The custom of ofierin^ prises for the solutions of definite problems 
which are necessary to the ^neral advance obtains more in Germany end in 
France than here, *whei*e, J believe, the Adams Prize stands alone. The idea 
has an indirect value in point out some of the more pi^eMsing desiderata to 
younjj: and enthusiastic students, and a direct importance in fmquently, as it 
proves, produeinpr remarkable dissertations on the proposed questions. 'Jne field 
18 so vast that any comprehensive scheme of co>o}>eration is scarcely poesiblei 
though much more might be done with advantage. 

If we turn our eyes to the world of astronomy we find there a grand scheme of 
co-operation which othtr di'part inonts may indeetl envy. The gravitation formula has 
been recognised from the time of Xewton a.s ruling the dynamics of the heavens, 
and the e.\nct agrt^ement of the facts derived from olASiM'vatioii with the simple 
theory has established astronomy as the most t^xact of all the departments of 
applied science. Men who dev<He tiieinselves to science are actuated either by a 
pure love of truth or ])ecause they <lesire to np]dy natural knowledge to the bene- 
fit of mankind. Astronomers belong, ns a rule, t(» the first category, which, it 
must be admitted, is the m<)re purely scteiiiiiic. We not only find intenmtioual 
co-operation in .systematically ma))ping the universe of stars and keeping all por- 
tions of the universe under constant observation, hut also when a particular object 
in the heavens presents itself under circumstances of peculiar interest or importance, 
the observatories of the world combine to ascertain the facto in a manner which is 
truly remarkable. As an illiistrntion, 1 will instance the tiny planet luros dis- 
covered a few years ago by De Witt. Recently the planet was in opposition and 
more favourably situated for observation than it will 1 h* again for thirty years. It 
was determined, at a conference held in i'aris in July ltK.10, that combined work 
should be undertaken by no fewer than fifty obsi>rvatorie.s in all parts of the world. 
Beyond the fixing of the elements of the mean motion and of the perturbations of 
orbit due to the major planets, the principal object in view is the more accurate 
determination of solar i)arallax. To my mind tliis concert of the world, this cos- 
mopolitan a8S<x;iation of tine intellects, fine instruments, and the best known 
methods, is a deeply impressive spect4icle and n grand example of an ideal scientific 
spirit. Other sciences are not so favourably circumstanced as is astronomy for 
work of a similar kind undertaken in a similar rpirit. If in comparison they 
appear to be in a chaotic state, the reason in part must be sought for in conditions 
inherent to their study, which make comhine<l work mort^ ditticult, and the results 
of such combined work tis there is, less striking to spectators. Still, the illustra- 
tion I have given is a useful object-lesson to till men of science, and may encourage 
those who have the ability and the opportunity to make strenuous eilbrts to 
further progress by bringing the w’ork of many to a single focus. 

In pure science w'e look for a free intercliauge of ideas, but in applied physics the 
case isdifierent, owing to the fact that the commercial spirit largely enters into them. 
In a recent address, Professor Perry has stated that the standard of knowledge in 
electrical engineering in this country is not as high ns it is elsewhere, and all men 
of science and many men in the street know him to l>e right. This is a serious 
state of affairs, to which the members of this Section cannot be in any sense 
indifferent. We cannot urge that if. is a matter with which another Section of 
the Association is concerned to a larger degree. It is our duty to take an active, 
and not merely passive attitude towards this serious blot on the page of applied 
science iu England. Ibr this many reasons might be given, but it is sufficient to 
instance one, and to state that neglect of electrical engineering has a baneful 
effect upon research in pure science in this country. It hinders investigations in 
pure physics by veiling from observation new phenomena which arise naturally, 
and by putting out of our reach means of experimenting with ijew comlnnations 
on a large scale. I^rofessor Perry has assigned several reasons for the pr^nt 
impoMc, viz., a want of knowledge of mathematics on the part of the 
generation of engineers ; the bad teaching of mathematics ; the antiquated methods 
of education generally ; and want of recognition of the fact that engineering m not 
on stereoty^ lines, but, in its electrical aspect, is advancing at a prodigiems rate ; 
municipal procrastination, and so on. He confeasee, moreover, that he does not 
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0ee his way out of the difftculty, and is evidently in a condition of gloomy appre- 
hension. 

It is, I think, undoubted that science has been neglected in this country, and 
that we are reaping as we have sowed. The importance of science teaching in 
secondary schools has been overlooked. Those concerned in our industries have 
not seen the.advantage of treating their workshops and manufactories as labora- 
tories of reeeai^h. The Government has given too meagre an endowment to 
scientific institutions, and has failed to adequately encourage sdentific men and to 
attract a satisfactory qj^uota of the best intellects of the country to the study of 
science. Moreover, private bent^factors have not been so numerous as in some 
other countries in respect of those departments of scientific work which are either 
non-utilitarian or not immediately and obviously so. We have been lacking alike 
in science organisation and in effective co-operation in work. 

It has been attempted to overcome defects in training for scientific pursuits by 
the construction of royal roads to scientific knowledge. Engineering students 
have been urged to forego the study of Euclid, and, as a substitute, to practise 
drawing triangles ani squares; it has been pointed out to them that mathematical 
study has but one object, vis., the practical carrying out of mathematical opera- 
tions ; that a collection of mathematical rules of thumb is what they should aim 
at ; that a knowledge of the meaning of processes may be left out of account so 
long as a sufficient grasp of the application of the resulting rules is acquired. In 
particular, it lias been stated that tiie study of the fundamental principles of the 
infinitesimal calculus may profitably be deferred indefinitely so long as the student 
is able to differentiate and integrate a few of the siraple.st functions that are met 
with in pure and applied physics. The advocates of these views are, to my mind, 
uipng a process of * cramming ' for the work of life which compares unfavourably 
with that adopted by the so-called ‘crammers’ for examinations; the latter I 
believe to be, as a rule, much maligned individuals, who succeed by good organi- 
sation, hard work, and personal infiuence, where the majority of pulilic and private 
schools fail ; the examinations for which their students compete encourage them 
to teach their pupils to think, end not to rely principally upon remembering rules. 
The best objects of education, I believe, are the habits of thought and observation, 
the teaching of how to think, «and the cultivation of the memory; and examiners 
of experience are able to a considerable extent to infiueuce the teaching in these 
respects ; they show the teachers the direction in which they should look for 
success. The result has lieen that the ‘ crammer ’ for examinations, if be ever 
existed, has disappeared. Ilut what can be said for the principle of cramming for 
the work of one’s life ? Here an examination would be no check, for examiners 
imbued^ with the same notion would be a necessary part of the system ; the 
awakening of the student would come, perhaps slowly, but none the less 
inevitably ; he might exist for a while on his formulm and his methods, but with 
the march of events, resulting in new ideas, new apparatus, new designs, new 
inventions, new materials requiring the utmost development of the powers of the 
nind, he will certainly find himself hopelessly at sea and in constant danger of 
discovering that he is not alone in thinking himself an impostor. And an impostor 
he will be if he does not by his own assiduity cancel the pernicious eflects of the 
system upon which he has been educated. I do not, I re^at, believe in royal 
roads, though I appreciate the advantage of easy coaches in kindi^ sciences. In 
the science to which a man expects to devot‘d his life, the progress of which he 
ho^ to further, and in which he looks for his life’s success, there is no royaljroad, 
the n^lect of sdence is not to be remedied by any method so repugnant to the 
scientific spirit ; we must take the greater, knowing that it includes the less, not 
doping that in some happy-go-lucW way the greater will follow. 

At the beginning of the nineteenth century it was possible for most workers to 
TO well acquainted with nearly all important theories in any division of scieqce ; 
me number of workers was not great, and tlie results of their labours were for the 
most part concentrated in treatises and in a few publications especially devoted to 
^it Was comparatively easy to follow what was being done. At the 
present time thd state of affaira i» different, Tbp PWPber of workers is very large ; 
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the treatises and periodical scientilic journals are very luiraoroua; the ramifications 
of investigation are so complicated that it is scarcely possible to acquire a com- 

S etent knowledge of tlie progress that is lieing made in more than a few of the sub- 
ivisions of any branch ot science. Hence the so-called specialist has come 
into being. 

Evident though it ho that this is necessarily an age of specialists, it is curious 
to note that the word < specialist ' is often u^ as a term of opprobrium, or as 
a symbol of iiarrowinindednoss. It hns been stated that most specialists run 
after scientific truth in intellectual blinkers; that they wilfully restrain them- 
selves from observing the work of others who may be even in the immediate 
neigh'oourhood ; that even when tlu» line of pursuit intersects obviously other 
lines, such intersection is passed by without remark ; that no attention is paid 
to the existence or tlie construction of connecting lines ; that the necessity for 
collaboration is overlooked ; that the general advance of the body of scientific 
truth is treated as of no concent ; that absolute independence of aim is the thing 
most to be desired. 1 propose to inquire into the possibility of such an individual 
existing as a scientific man. 

I take as a provisional definition of a spi^ciaUst in science one who devotes 
a very large proportion of his energies to original research in a particular 
subdivision of his subject. It will ije sufiicieut to consider the subjects that 
come under the purview of St'ction A. though it will be obvious that a similar 
train of reasoning would have eqiml validity in connection with the subjects 
included in any of the other sections. 1 take the word * specialist’ to denote a 
man who makes original discoveries in some branch of science, and 1 deny that 
any other man has the right, in the modern meaning of tlie word, to be called 
by others, or to call himself, a spt^cialist. 1 would not wish to be understood to 
imply a belief that a truly scientific man is necessarily a specialist; 1 do believe 
that a scientific man of high type is almost invariably an original discoverer in one 
or more special branches of science : but I can conceive that a man may study the 
mutual relations of different sciences and of difierent brunches of the same science 
and may throw such an amount of light upon the underlying principles as to be 
in the highest degree scientific. I will now advance the proposition that, with 
this exception, all scientific workers are specialis/ts : it is tnerolv a question of 
degree. An extreme specialist i.s that muii who makes discoveries in only one 
branch, perhaps a very narrow branch, of his subject. I shall consider that in 
defending him 1 am a fortiori defending the roan wlio is a specialist, but not of this 
extreme character. 

A subject of study may acquire the reputation of being narrow either 
because it has for some reason or other not attracted workers, and is in reality 
virgin soil only awaiting the arrival of a husbandman with the necessary sl^l ; 
or because it is an extremely difficult subject which has resisted pmvious 
attempts to elucidate it. In the latter cose, it is not likely that a scientific 
man will obstinately persist in trying to force an entrance through a bare blank 
wall. Either from weariness in striving, or from the exercise of uia judgment, he 
will turn to some other subdivision which app<.*arH to give greater promise of 
success. When the subject is narrow merely necause it has been overlooked, the 
specialist lias a grand opportunity for widening and freeing it from the reproach 
of being narrow ; when it is narrow from its inlierent difficulty lie has the oppor- 
tunity of exerting his full strength to pierce the barriers wliich close the way to 
discoveries. In either case the specialist, liefore be can determine the particular 
subject which is to engage his thoughts, must have a fairly wide knowledge of the 
whole of his subject. If lie does not possess this he will most likely make a 
bad choice of particular subjects, or, having made a wise selection, will lack^ an 
essential part of the mental equipment necessary for a successful investigation. 
Again, though the subject may be a narrow one, it by no means follows that the 
appropriate or possible methods of research are prescribed within narrow limits. 1 
will instance tne Theory of Numbers which, in comparatively recent times, was a 
subject of small extent and of restricted application to other branches of science. 
The problems that presented themselves naturally, or were brought into promi- 
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nenee by tho imaginations of intellects, were fraught with difficulty. There 
Bf^med to be an absence, partial or complete, of the law and order that investi- 
gators had been aocustomcid to find in the wide realm of continuous quantity. 
I'he country as explored was found to be full of pitfalls for the unwary. Many 
a lesson concerning the danger of hasty generalisation had to be learnt and 
taken to li^firt. Many a false step had to bo raced. Many a road which a 
first reconuaiSiance had shown to be straight for a short distance, was found on 
further exploration, to suddenly change its direction and to break up into a 
number of paths which wandere*! in a fitful manner in country of increasing 
natural difficulty. There were few vanishing points in the perspective. Few, 
also, and insignificant wen* tiie pt?aks from which a general view could be 
gathered of any considerable portion of the country. The surveying instruments 
were inadequate to cope with the pliysical charaettn's of the land. The province 
of the Theory of JS umbers was forbidding. Many a man returned empty-handed 
and baffled from the pursuit, or else was drawn into the vortex of a kind of 
Maelstrom and bad his heart crushiMl out of him. 1>ut early in the last century 
the dawn of a brighter day was breaking. A combination of great intellects — 
J^iegeudre, Gauss, Kiseustein, Stephen Sniitli, Arc.— succeeded in adapting some 
of the existing instruments of research in continuous quantity to efiective use 
in discontinuous quantity. These adaptations art; of so dilficult and ingenious 
a nature that they are to-day, at the commencement of a new century, the 
wonder and, I may add, the delight of beholders. True; it is that the beholders 
are few. To attain to the poin{ of vantage is an arduous task demanding alike 
devotion and courage. 1 am reminded, to take a geographical analogy, of the 
Hamilton Falls, near Hamilton Inlet, in Labrador. I have been informed that 
to obtain a view of this wonderful natural feature demands so much time and 


intrepidity, and nece.s.sitates so many collateral armngements, that a few years 
ago only nine white men had feaste<l their eyes on falls wliuih are finer than 
those of Niagara. The labours of the luatliematicians named have resulted 
in the formation of a large body of doctrine in the Theory of Numbers. Much 
that, to the superficial observer, np|>eai*s to lie on the threshold of the subject 
is found to be deeply set in it and to be only capabh; of attack after problems 
at first sight much more complicated have been solved. The mirage that 
distorted the scenery and obscured the perspective has bt'en to some extent 
dissipated ; certain vanishing ])oints have been ascertained ; certain elevated 
spots giving extensive views Imve been either found or constructed. The point 
1 wish to urge is, that these spt*cialists in the Theory of Numbers were successful 
for the reason that they were not specialists at all in any narrow meaning of the 
word. Success was only possible because of the wide learning of the investigator ; 
because of his accurate knowledge of the instruments that had been made effective in 
other branches ; and because he had grasped the underlying principles which caused 
those instruments to l>e effect ive in particular cases. I am confident that many a 
worker who, from the supposed extremely special character of liis researclies 
has been the mark of sneer and of sarcasm, woidd be found to have devoted the 
larger portion of Ids time to the study of methods wdiich had been available in 
other branches, Mrhaps remote from* the one which was particularly attracting 
his attention. He would be found to have realised that analogy is often the 
fin^r-post that points the way to useful advance ; that his mind h^ been trained, 
and his work assisted, by studying exhaustively the successes and failures of bis 
fellow-workers. But it is not only existing methods that may be available in a 
special research. 


Furthermore, a special study frequently creates new methods which may be 
subsMuently found applicable to other branches. Of this the Theory of Numbers 
furmshes several beautiful illustrations. Generally, the method is more important 
than the immediate result. Though the result is the offspring of the method, *the 
Method is the offspring of the search after the result. The Law of Qaudratic 
WecipwHjity, a corner-stone of the edifice, stands out not only for the influence it haa 
©xerted in many branches, but also for the number of new methods to which it 
iias given birth, which are now a portion of the stock-in-trade of a mathematician. 
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Euler, Lefr^ndre, (tau«is, Eiaenatein^ Jacobi, Kronockor, Poineortf, and Skin are 
mat iiaroce that will be for ever aa^ociated with it. Who can foifpet the work of 
11« J. 8. Smith on honiogeneous fonn^ and on the live-(K{uare theorem, work which 
gave rise to prcnvases that have proved iiivohmble over a wide field, and which 
supplied many ooiineoting links bt^cween departiuoiiU which were previously in 
more or less coinplett* isolation ? 

In this connection I will further mention two branches ^ith which I 
have a more special nix|uaintanee -the theory of invariants, and the com- 
binatorial analysis. The theory of invaritints was evolved by the combined 
ellbris of Ikude, Cayley, Sylvester, and Saliiioii, and has progresaed during 
the hist .sixty years with the co>o|»eratioii, aiiiougst others, of Aronhold, 
(Tlelisch, (Tordan, Jlrioschi, Lie, Klein. Poiticans Forsvth, Hilbert, Kllioti, and 
Young. It involves a principle which is of wide signiHcnnce in all the subject* 
matters of inorganic science, of organic science, and of mental, moral and 
political philosophy. In any subji*ct. of iiK|uiry there are certain entities, the 
mutual relations of which under Vtirious cmulitions it is de.sirHble to ascertain. 
A certain combination of tliost; entities may la* found to have an unalterable value 
when the entities are >nhiuitted to certain jirocesses or are made the subjects of 
certain operations. 'I'he theory of invariants in its widest scientific meaning 
determims these combinations, elucidate?, their ])roperties, and expresses results 
when p<issible in terms of them. Many of the general principles of political 
science and economics can i)e expressedby means of invariantive relations connect- 
ing the factors which enter as entities into the special problems. The great 
principle of chemical science which asserts that when elementary or compound 
bodies combine with one another the total weight ot the materials is unchanged, 
is anotiier case in point. Again, in physics, a given mass of gas under the 
operation of varying pressim* and b iiiperature has the well-known invariant, 
pressure multiplied by volume and dividinl by abM)lute temperature. Examples 
might be multiplied. In mathematics the entitie.s under e.xamination may be 
arithmetic, algebraic, or geometric; the proceases to which they are sub- 
jected may be any of those which are met with in mathematical w'ork. It is 
the ftHncipltf which is so valuable. It is the /V//« of invariance that pervades 
to-day all branches of mathematics. It is fuuivl that in investigations the 
invariantive fractions are rlnise wliich |iersist in presenting themselves, even when 
the processes involve<l are not .such as to ensure the invariance of those functions. 
Guided by analogy may we not anticipate similar phenomena in other fields of 
work ? 

The combinatorial unalysis may be described as occupying an extensive region 
between the algebnis of discontinuous and continuous quantity. It is to a certain 
extent a science of enumeration, of uieusurement by means of integers, as opposed 
to measurement of quantities which var^’ by infinitesimal increments. It IS 
concerned with arrangements in which ilitterences of quality and relative position 
in one, two, or thn*e dimen.sions, are factors. Its chief problem is the formation of 
connecting roads l>etweon the sciences of discontiiuious and continuous quantity. 
To enable, on the one hand, the treatment of quantities which vary^ per 
»aUtm, either in magnitude or positioti, by the methods of the science 
of continuously varying quantity and position, and, on the other hand 
to reduce problems of continuity to the resources available for the manage- 
ment of discontinuity. Thcfie two roods of research should be regarded as pene- 
trating deeply into the domains which they connect. 

In the early days of the revival of mathematical learning in Europe the subject 
of * combinations ’ cannot be said to have rested upon a scientific bcuus. It was 
brought forward in the shape of a number of isolated questions of arrangement, 
which were solved by mere counting. Their solutions did not further the gooeml 
progress, but were merely valuable in connection with the special pjfoUems. 
and form, however, were infused when it was recognised by De^ Moivre, Bernoulli» 
and others that it was possible to create a science of probabiiij^ on the 
enumeration and arrangement. Jacob Bernoulli, in his ^ Ars CTon^tandin ^ v 
establisbed the fundamental principles of the Calculus of ProTi»biliueSi A 
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•ystematie advance in certain questions which demnd upon the partitions of 
numbers was only possible when Euler showed that the identity •>» 
reduced arithmetical addition to algebraical multiplication and vice wirsd, Starting 
with this notion, Euler developed a theory of geiieruting functions on the expan- 
sion of which depended the formal solutions of many problems. Tlie subsequent 
work of and Sylvester rested on the same idea, and gave rise to many im- 

provements. ^7he combinations under enumeration had all to do with what may 
be termed arrangements on h line subject to certain laws. The results were im- 
portant algebraically as throwing light on the tlieory of A Igebraic series, but another 
large class of problems remained untouchi^d, and was (‘onciidered as being both 
outside the scope and beyond the power of the method. 1 propo.se to give some 
account of these problems, and to add a short history the way in which a 
method of solution has been reached. It will )>e gatheri'd from remarks made 
above that I regard any department of scientific work, wliich seems to be narrow 
or i.solated, as a proper subject for research. I do not believe in any branch 
of science, or subject of scientific work, Ixdiig de.stitute of connection with other 
branches. If it appears to be so, it is especially marke d out for investigation by 
the very unity of science. Inhere is no necessarily pathle.«s desert separating 
different regions. Now a department of pure inathomatics wliich appeared to be 
somewhat in this forlorn condition a few years ago, -was that which included prob- 
lems of the nature of the magic square of the ancients. Conceive a rectangular 
lattice or generalised chess boani (ef. * Gitter,’ Klein), who-se compartments are 
situations for given numbf^rs or quantities, so tliat tliere is a rectangular array of 
certain entities. The general problem is (ho eniimeraf ion of the arrays when both 
the rows and the coluiuns of the lattice satisfy certain conditions. AVith the 
simplest of suck prolilems certain progress had undoubtedly been made. The 
article on Ma^ic Squares in the ‘Encyclopaedia Britannica,*^and others on the 
same subject in various scientific publications, are examples of such progress, but 
the po.<«ition of isolation was not sensibly ameliorated. Again the well-known 
* proDl6me des rencontre.-* ’ is an instance in point. Here the problem is to place 
a number of different entities in an assigned oi*der in a line and l)eneath them the 
same entities in a different oi-der subject to the condition that the entities in the 
same vertical line are to W difl'erent. This easy question has been solved by 
generating functions, finite diilerenees, and in many other ways. In fact when the 
number of rows is restricted to two, the diflicultie.^ inherent in the problem when 
more than two rows are in question do not present themselves. The problem of 
the Jjatin Square is concerned with a square of order n and n different quantities 
which have to be placed one in each of the tr compartments in such wuse that 
each row and each column contains each of the quantities. The enumeration of 
such arrangements was studied by ninthematicians from Euler to Cayley without 
any real progress being made. In reply to the remark ‘ Cui bono ? ^ I should say 
that such arrangements have presented themselves for investigation in other 
branch^ of mathematics. Symbolical algebras, and in particular the theory of 
discontinuous groups of opei'ations, have their law\s defined by what Cayley has 
tomed a multiplication table. »Siicli multiplication tables are necessarily Latin 
Squares, though it is not conversely true that every Latin Square corresponds to a 
multiplication table. One of the 'most important questions aw'aitiug solution in 
connection with the theory of finite disixmtinuous groups is the enumeration of 
the types of groups of given order, or of Latin Squares which satisfy additional 
conditions. It thus comes about that the subject of Latin Squares is important in 
mathematics, and some new methoil of dealing with them seems imperative. 

A fundamental idea was that it might be possible to find some mathematical 
operation of which a particular Latin Square might be the diagrammatic xepre- 
** ft one-to-one correspondence could be established between such 

mathematical operations and the Latin Squares, the enumeration might conceivftUy 
ouow. Bearing this notion in mind, consider the differentiation of .i* with 
wh*fT? Noticing that the result is (n an integer), let us inqi!iir6 

operation of diflerentiation into n elementary por- 

8# each of which will contribute a unit to the resulting coefficient n. If we 
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write down as the product of letU^rs, viz.^ it ia obvious that If we 

substitute unity in place of a single x in all possible wavs, and add together the 
results, we shall obtain We have, therefore, 7i ditterent elementary opera- 

tions, each of which consists in substituting unity for .r. We may denote these 
diagrammatically by 



and from this point of view 


</ 

iiA 


is a combinatorml symbol, and denotes by the 


coefficient u the number of ways of s«decting one out of n different things. 

Similarly, the liigher diffenmtiations give rise to diagrams of two or more 
rows, the numbers of which are given by the roeflicients which result from such 
diflertmtiatious. Following up this clue much progress has been made. For a 
particular problem success de|)ends u^xui the design, on the one hand, of a func- 
tion, on the other liaiul, of an opt^ratioii sucli that diagrams make their appearance 
which have a oiu^t.v-oiu^ correspondence with the entities whose emimeratiou is 
sought. For a general investigation, howevi r, it is mort* scientific to start by 
designing fiiiictiiuis and operations, and then to ascertain the problems of which 
the solution is furnished. The difHculties connected with the Latin Square and 
with other more general quosthuis liavc in this way been completely overcome. 

The second new method in annlysi.s that I desire to bring befom the Section 
had its origin in the theory of |)artitioii. Diophantus w&a accustomed to consider 
algebraical questions in which the symbols of quantity were subject to certain con- 
ditions, sucl^ for instance, that they must denote positive numbers or integer 
numbers. A usual condition with him was that the quantities must denote posi- 
tive integers. All sucli problems and particularly those last specified are qualified 
by the adjective Liopbaiitiiu^ The partition of numbers is then on all fours with 
the Diophantine K|uation 

a-r fi'^y r • • . +v fif 


a further condition being that one solution only is 'given by a group of numbers 
a, P,y . , . sati.sfying the e<{uation ; that in fact prnmtatioiis amongst the quanti- 
ties a, 0, 7 . . . are not to Im^ taken into account. This further condition is brought 
in analytically by adding the liiopbuntine inequalities 


V in number. The importation of this idea leads to valuable results in the theory 
of the subject which suggested it. A generating function can be formed which 
involves in its construction the Diophantine equation and inequalities, and leads 
after treatment to a representative, as well as enumerative, solution of the nroblem. 
It enables further the establishment of a group of fundamental parts of the parti- 
tions from which all possible partitions of numbers can be formed by addition with 
repetition. In the case of simple unrestricted partition it gives directly the com- 
position by row's of units which is in fact carried out by the Ferrew-Sylvester 
graphical refiresentation, and led in the bands of the latter to important raanlta 
connection with algebraical series which present themselves in elliptic functions 
and in other departments of mathematics. Other branches of analysis and geometry 
aupnly instances of the value of extreme apcialisation. 

What we require is not the disparagement of the specialist, but the stamping out 
of narrow-mindedness and of ignorance of the nature of the scientific spirit and of 
the life-work of those who devote their lives to scientific research. The apemalist 
who wishes to accomplish work of the highest excellence must be learned in the 
resources of science and hare constantly in mind its unity and its grandeur. 
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The following Tapers were read ; — 

1. On Elastic Fatvjue^ as shown hy Metals and Woods, 

By Professor A. Gray, J. 8. Dunlop, and A, Wood. 


2. TIue C/ea^hsg of Turbid Solntitms^ awl the Moveuwnt of Small Sus- 
pended Particles by the Influence of Light. By Professor G. QuiNCKE, 
of Heidelberg . — See Reports, p. 00. 


3. On the liclation between Temperature and Internal Viscosities of Solids. 
By Professor A. Gray, F.K.S. 


4. Note on Hydrostatic JWessure. 

By Ramsay, F.K.S.^ and Vt, Senter, B.Sc. 

Tlie problem of hydrostatic pressure has usually been treated as if the 
liquid, in which the iloating solid is immersed, were a continuum. According 
to the molecular theory, however, all liquids must be regarded as consisting of 
discrete particles, moving among each other freelv. Accepting this view, hydro- 
static pressure must be attiibuted to the bombardment of the immersed boay by 
molecules, or {>erhaps by congeries of molecules ; and the kinetic energy of the 
molecules must be capable of transmission from those parts of the Quid which are 
not in contact with the solid to those which are in contact, in such a manner that 
the lower portions of the immersed solid are exposed to greater pressure than the 
upper, due to the kinetic energy of all portions of fluid at a higher level than the 
lower portions, and at a lower level than the upper portions. 

Tictoii and Linder, working in the laboratory of University College, showed 
that colloidal solutions can be prepared of various degrees of fineness of the bus* 
pended particles; some solutions were prepared in which the particles were 
distinctly visible with high 'microscopic magnification, while others contained 
particles in such a minute state of subdivision that even under the highest power 
of a microscope, the colloidal solution appt*ared homogeneous, and the particles 
were too fine to polarise a beam of light by reflection. Retween these two 
extremes intermediate grades were successfully made ; w'bile the particles of 
solid in such 'solutions' as contained visible solid were in rapid pedetic 
(Brownian) motion, a particular grade of ‘solution’ was prepared, in which, 
^thou^h the particles were too small to be visible, they revciled their presence by 
polarising light; and under the microscope an appearance of confused motion 
impressed it^lf on the eye ; it seemed as though the particles were in such rapid 
motion that they did not stay in focus long enough to create a jicrmanent visual 
impression. 

The questions arost^ ; do such particles produce hydrostatic pressure ? is that 
pressure equal to the theoretical pressure which would be produced by a solution 
of the same density ? at what stage of subdivision of the solid does such hydro- 
static pressure become apparent ? 

An attempt has been made to answer the first two of these questions, and with 
fair success. The investigation will be continued in the hope of finding an answer 
to the third <][uestion. 

The colloidal solution selected was one of arsenious sulphide in pure water, 
ouch a solution is easily prepared by passing a current of sulphuretted hydrogen 
torough an aqueous solution of arsenious acid to saturation, and then expelUng 
exce^ of hydrogen suljihide by a current of hydrogen for several hours. The 
uensity of such a solution was determined in two ways: first by means of a 
pyrometer ; and second by weighing in. the solution a large cylinder of 
weighted with xnoreury, so as to make it sink. Corrections were 
niroauced for redaction to weighing in vacuo, and ior temperature. 
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lleforo commenciDf; ojierotions with th« ooUoidal Ration, AxperiuMHitt iwm 
made with a solution of bBriiim chloride, so as to obtain a check on tha results; 
the agreement is satisfactory. 


HyitfosUtic Pvknometer 

iia^thod 


UN' 

1. 

1(»2677 

1»0^ 


sor.T^ 

ltVJP*J8 


1 •(12931 

II. ‘JIM;:"’ 

20*47"' 

l'021‘3() 


Tbe difTorfiico ill tho first oiU'-e i’« <> in 10:^, (XX); and in the second, 2} or 3 in 
lOOstXX). 

With colloidal solution of arst^nituis .sulphide, the data were: — 
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1. 
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000005 

ri. 
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21 ■'•7' 

1 02:U3 

20 7' 

20* 7^" 
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102320 

0*00000 

III. 

20*7r>’ 

207“^" 
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20r»7^ 
20-07 ^ 

1 02271'. 
1-02277 

000005 

IV. 

20SO' 
2i> sn^ 

1 01129 

20 

20 St)*-' 

1 (H1.3.‘» 

1 (0134 

000005 


The solution IV, was propanol by dilutin^r H I- ; tlu* others were all specially 
prepared; they oontaiiuHl arstMiiinw sulphide of such a defjret* of subdivision that 
the particles polarised light, hut were invisible under a magnification of 1,(XX) 
diameters. 

'I'he influence of error in weighing in such that an error of I mgr. in the weight 
of the body in air or in solutitm would have mused an error of 2 units in the tifth 
decimal place : and 1® in reading temperature would have made an error of the 
same magnitude. 

It will lx* noticed that the appanmt density with the pyknometer always 
exceeds that with the float by o to fJ units in the" fifth place of decimala; f>., by 
3 to 6 parts in 1(X),(X)0. It is probable that thi.s is diu^ to .some unapplied correc- 
tion; but. it is not easy ff» allow' for it. It may, we lliink, bo taken as proved 
that colloidal arsenious sulphide of the >tato of siilHliviskm used, exerts nydnx* 
static pressure a.s if it were a litpiid ; at any rate, it liehaves as if it were in true 
solution like barium chloride. 

It has long lx>en the (;iistoiu to deteriiiino the density of milk, which contains 
suii>pended fat globules, )»y means of a Inelometer, which involves a hydroatatic 
method. The experiments cited show that this custom j.H justifiable. 


5, The Frep.y.hnj Points of certain Dilute J^olutions, 
Ihj E. II. GniFFiTiiH, F.R.ii, 


6. The Buildings of the National Physical Lahoratory* 
By Dr. R. T. Glazebuook, FM,S. 


FRIDAY, SEPTFMDIJR 13. 

The Section was divided into two Departments* 
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Department I. — Physics, 

The following Report and Papera were read:— 

1, liepart on Electrical Standards . — See Reports, p. 31. 


2. Note on a Comparison of the Deposits in Silver Voltameters with 
different Solvents. Ihj S. Skinner, M.A . — See Reports, p. 32. 


3. The Discharge of Electrwitg through Mercury Vapour. 

By Arthur Schuster, F.R.S. 

The experimental investigation of the passage of electricity through mercury 
vapour is of interest on account of the metallic nature of the element, the 
monatomic charade: of the vapour, and the purity with whicli it can be 
obtained. Previous results of the author had led to tlu* conclusion that the 
discharge of electricity through mercury vapour diifercd fundamentally from that 
taking place through other gases, but these results have )>een called in question by 
other experimenters. 

The work now described has extended over two 3 'ear 8 , but did not lead to 
results which may be said to be decisive on the account of the extreme difficulty 
of excluding small traces of moisture. Though the mercury vapour experimented 
upon no doubt was much purer than that obtained by aiiv previous observers, it 
was not absolutely free from some other gas, which, probabh*, was aqueous 
vapour. The width of the well-known dark space round the k'athode observed 
was ten times larger than in air. This dark space, however, mav’ possibly be due 
to the small remnant of impurity which, as has been pointed out, could not be 
excluded. 


4. Sur ks Effete magnctique de la Convection clectrique. 
“Par Dr. V. Crkmiku. 


5, Photoelectric Cells. By Professor G. ]M. Minchix, M.A., F.E.S 4 

During the past summer I have been engaged on the study of the photoelectric 
cells with whicn 1 had measured the voltage produced by the light of the stars. 
The object of this investigation was to discover whether the life of a cell could be 
in any way prolonged or not, and also to find the best liquid that could be 
employed. 

In these cells the surface, whicli is senwtive to light, is a thin layer of selenium 
®pead on the end of an aluminium wire, the selenium layer being heated gradually 
after it has been spread as a black viscous liquid on the end of the wire until it 
assumes the brownish grey colour which characterises the stale in -which it is 
sensitive to light. Tht» aluminium wire is ctmtained in a glass tube, which tho 
wire should so completely fit as to prevent the ascent of n liquid into the tube — 
a condition which it is impossible to fullil, as the nluniiinum wire cannot be 
Sealed into a glass tube. It essentia) for complete success that only the 
selenium layer on the end of the wire should come into contact with the liquid. 
I^t us imagine two such selenium-coated aluminium wires immersed in a small 
gla« tube containing a liquid, one of the wires being completely screened from 
the selenium on the end of tlie other can }ye exposed to light. In the 
oarlc there ^ould be no voltage exhibited by this cell when its two wires are 
co^^ted with an electrometer^ If the wire to he exposed is left completely 
aRed in free contact with the surrounding liquid — no voltage (or almost 
^ developed when its selenium end is exposed to light. This result is 
unaoubtedly due to short-circuiting in the cell itself when the light acts ; but if 
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this wire is siirrouiidod by a tightly httiiig glass tube a very great voltage is 
produciHi by light. 

The Accotupaiiyiug tiguro represents the two aluminium wires, A and B, con* 
taiiied in a cork which tits tightly into a glass cell, C, containing a liquid; the 
wires are each contained in a tightly titling glass tube and are connected with the 
}K>le3 of a (juadrant electrometer, K. Tho ends of the wires are exuc^y flush with 
the ends ot the glass tubo, which dip into tho linuid, and thesoOlms are coated 
witli the selenium layers. We .‘ihall siippo.>e that tne who B is scn^ened from tho 
incident light L. Knch aluininiuiii wire is a)>out J qiiu. or ^ nun. thick, nothing 
depending on the diameter of the wire -i.e., on the ami of tho scMisitive selenium 
surface — provided that the tr/toie of this surface is illuminated by the incident light. 

Now the question will naturally occur. Why do we uso aluminium and not 
sc»me other metal, e.//.. platinum, as {he base for tho selenium ? The^answer is that 
many other metals have been tried, and none of them gives results approaching 
those given by aluminium, riatinum develops only about half tho volta^ which, 
under the same circuiustances, will be given by aluminium. Metals with which 
selenium combines readily are useles.**: coppt‘r. silver, and tin are very poor. Now 
as regards the liquids whicli are most etlective, I have found the following to be 
extremely go*xl: ananthol. acetone, .succinate of ethyl, malonic other, methyl* 



hexylketone. ethyl and methyl l>en2oatc, methyl CAi^x>nnte, lactic s^id, lactate of 
ethyl, and lactate of methyl. 

Cyanide of ethyl is somewhat effective; but such liquid.^ ns anisol, mustard oil, 
ethyl acetate, valerate of ethyl, and valerate of methyl are not sensitive at all. ^ 

Within the last few week.s, however, I discovered a fact which will certainly 
modify some of my .statements about theMvant of sensitiveness of liquids — the 
namely, that nearlv all of tin* little glass tuWs which surrounded the aluminium 
wires, and on whicli I had relied for insulating these wires from the liqmd, were 
very good conductors ! 1 found that if the electrometer w^as charged by a l^iell 

cell, wliich WHS then withdrawn, so that the poles of the electrometer were 
insulated, one of my glaas tubes laid across from one pt^le to the other rapidly 
discharged the electrometer ] and drying the glass tube did not much improve its 
insulatiou. As a result of this, I have rf^^ently used a compound glass tube — 
one tul)e inside another with a layer of itir beWeeii thorn, except at apommon 
extremity where they are sealed together, thus; 

The inner lulx.* is P, sealed to the outer, W# 
_ - Q at the end S, where the selenium suir&ce of the 

S . P wire contained in the inner tube comes into 

Q contact with the liquid. 

Except in the neighbourhood of S» this 
interposes a layer of air between the tube and the liquid, and the result is a 
great improvement. . w «. 

A more eifective way atill is to coat the aluminium wire with an u^launK 
varnish; but this varnish must be such as not to be dissolved by the liquid which 

on this part of the problem, and it is mainly this which ^ 
the star messuromonts which 1 was to have resumed at »» 


we employ. 

I am now engaged 
compelled me to delay 
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Robert Baire observatorv at Cambridge in continuation of the results which the 
late Professor FitzGerald, Mr. W. £. Wilson, and 1 obtained in Mr. Wilson’s 
observatory in Westmeath, 

It is desirable that I should give a notion of tlio magnitudes of the voltages 
developed in these cells by lights of various intensities. 

(1) An^flrdjinary paraflln candle, held at a distance of 2 feet from a cell in 
which the liquid w'as malonic ether, was found to give slightly more than '25 of 


a volt. 

(2) For small intensities of tho incident light the voltage will be proportional 
to the square root of the intensity ; that is to say, the voltage varies inversely 
ns the distance of the luminous source from the cell. 

(3) A paraffin candle, at a distance of 8 feet from the coll, gives a voltage 
almost exactly etjual to that given by tho light of Vega when this is concentrated 
by a reflecting telescope whose aperture is 2 feet. 

(4) For strong lights the law that the square of the voltage developed in the 
cell 18 proportional to the intensity of the incident light does not hold, as is shown 
by the following observation recently made : — 


Room darkened and cell in the dark, except that the light of the paraffin lamp 
of the electrometer was, to some extent, reflected from the walls of the room : this 
very feeble light gavt* a deflection of 1 1 divisions on the scale. One candle held at 
2 f^eet from the cell gave (not allowing for the above 11 divisions) 7G divisions. 
Two candles held closer together at 2 feet from cell gave (not allowing for the 
11 divisions) divisions. (One volt was represented by 275 divisions.) 

, Let i be the energy incident on the sensitive plate when nothing but the 
reflected lamplight falls* on it; let I be the incident energy due to one candle at 
2 feet, and F that due to two candles at 2 feet ; then we have 


These give 

/ 


T + i « Ap X 7<»' 
r _99*-ll*_. 

•i 76*- 11*^ ' 


but V should be 21, so that the law cannot hold. Indeed, diffused daylight itself 
develops only about *5 volt in the cell. 

These cells are sensitive to all parts of the spectrum, the voltage developed 
by the yellow being slightly greater than that due to the other parts. 

As to the nature of the action of light in a selenium cell, 1 mi^ quote the 
following interesting experiment which was made by Mr. Shelford Bidwell, and 
communicated to me in a letter recently. 

Mr. Bidwell took a piece of platinum foil and coated it by electrolysis with a 
very thin layer of selenium by making it tho cathode in a Elution of selenious 
oxide, or of Be dissolved in liNO.,. The platinum foil, thus covered with red Se, 
waa gr^ually heated on a brass plate and thus brought into the well-known con* 
di^on in which it is sensitive to light. 

When this coated strip was immersed in a beaker of tap water in presence of a 
5 .^® platinum strip, there was little (if any) voltage in the dark ; but when 
daylight was allowed to fall on the coated strip a voltage of *101 was 
developed.^ (jliis was very much less than the voltage which would have been 
developed in the cells which I have just described ; but the reasons for this are 
obvious.) 

, ^ ^ tn all other forms of selenium cells, the selenium plate was to 

the ma^ive plate as copper to zinc, and from this Mr. Bidwell concludes that, 
JustiMZn tends to combine with oxygen in HoO, so Se in the light tend4 to 
combme with hydromn and form ILSef 

An order to test this, Mr. Bidwml took two small test tubes, and into each he 
•cetone and a atrip of platinum coated with selenium ; each tube was 
cioeea by a vaadined cork, and from each cork was suspended in the tube a dean 
1901. w H 
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strip of silver. One of tJieso tubes was put into a box in a dark room, and the 
otiier was exposed to light in a const^rvatorv. Here they were left for five years — 
forgott(>ii, I presuii)e~-'and wlien examined at tiie end of tliat time it was found 
that the silver strip in the tulx^ ex|K)Hed in the conservatory was very much 
blackened, while that in the ttibi« kept in the dark was scarcely discoloured at all* 



0. On the JSWessiti/ Jttr Po^fnhiftnfj an Ether, 11. IIorKiNsox. 

The difference betwot'n tiuw who say that there must ho a medium to transmit 
gravitation and tluxse who deny its necessity is u purely metaphysical one. All the 
facts of gravitation can be described or expressed without any reference to a 
medium. In like manner it would appear so far as terrestrial phenomena go that 
the facts of light transmission can bo so described, in whicli case the necessity of an 
ether for conveying light is again purely nit^taphysical. We may say that a 
luminous body A causes a disturbance at P in its noighbourhood : the disturbance 
is projwrly represented by a vector at right angles to the line joining A to P, and 

its amount is where t is the time, r the dL^tanco AP, and V a velo- 

city. Abi^rration is expresst*^! hy saying that if A be in motion relative to P, in a 
direction at right angles to AP. the disturhanco experienced at P is the same as 
that which w'ould he produced by a similar lumitKius Ixuly at A' at rest relative to 

P, where ^ ^ehait v of A ^ direction of motion of A. There 

Al > 

is here no mention at all of a modiiiin, but a comphdo account is given of the 
cardinal optical phenomena. 

This mode of expressing the facts, however, fails to cover th«» phenomena of 
spectra^pic double stars. The |H?riodic doubling of lines in their spectra shows 
these stars (apparently .single us sftm in a telescope) to consist of two component.s 
moving one about the other with an orbital velocity which can be computed from 
the displacement of the lines. When the two components are in the line joining 
the .star to the earth, there is no doubling of the, lines, but ono component is 
moving to the right and the other t<» the left with this orbital velocity. Now 
according to the above-stated expression for aberration, or any expression which 
only involves tlie motion of source and rect'iver relative ti) each other, the two 
components should, when in the lino of sight, Ijo apparently separated owing to 
the difference of their motions relative to the earth. The angular amount of the 
- , ... 1 twice orbital velocity 

separation of the two components would be equal to - ^ of light "*** 

amount sufficient in some cases to be visible to the naki*d eye. The star would in 
fact appear periodically to be double, the doubling occurring alternately with the 
displa^ment of the lines in the spectroscope. Hincfi no such doubling takes place 
we infer either that alierration cannot lie completely expressed in terms of 
relative motion of source and receiver, or that the accepted theory of these stars 
is wrong. The fonner alternative, which seeius the more probable, forces one to 
recognise a something other than matter to which the motion of matter can be 
referred. In fact, it may almost be said tliat in this way the ether is made 
mamfest to our senses as having position. This reason for postulating an ether 
differs in kind from the metaphysical reasons usually advanced; it may be 
described as furnishing a logical ncce-ssity for an etlujr. 


7. On the Chiinye of Conductivity of MeUdlic Particles under Cyclic 
Eledro-motive Variation, Jly Professor Jagadis Chonper Bose, 
M*A,y l),Sc, 

(1) Under the action of electric radiation the conductivity of metallic par- 
ticles exhibits variation. In the positive class, like iron, there is an increase, 
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and in the negative, like K, &c., a diminution of conductivity. Each claaa 
again falls into two sub-classes — (a) sensitive substances which undergo self- 
recovery, and (A) sensitive substances which do not. In the case of self-recovering 
substances the conductivity distortion varies with the intenKity of radiation. 
Ifndor the continued action of radiation the diKtortion attains a maximum, 
balancedfljl^ force of restitution, and on the cessation of radiation there is an 
elastic self-rdt^svery. 

(2) The three classes of substances, |iositive, negative, and neutral, may be 
distinguished by their peculiar (diaracteristic curves. 

(3) The change produced in the sensitive substance by the action of radiation 
is not, normally speaking, chemical. 

(4) The conductivity change is produced, not only by very rapid, but also by 
comparatively slow electric variation. Generally S|)eaking, all the conductivity 
variation efiects produced by electric radiation can be reproduced by compara- 
tively slow cyclic electro-motive variation. 

(5) Electnc conduction in metallic particles sensitive to electric radiation does 
not ol^y Ohm’s I w. The conductivity is not constant and independent of the 
electro-motive force, but varies with it. In the positive class the characteristic 
curve — in which the ordinates represent the currents, and the abscissie the 
electro-motive force — is concave to the axis of the curi'ent. The conductivity 
increases confinuouHhf with increasing electro-motive force. The variation of 
conductivity in the lower portion of the curve is small, but increases with great 
rapidity in the upper portion. 

(6) The curve obtained with .strong is steeper than that with feeble initial 
current. 

(7) There is found, especially when the initial current is feeble, a critical 
electro- motive force, at which the conductivity change becomes so rapid as to 
produce an almost abrupt bend in the curve. Stronger initial current apmars, 
not only to lower the critical point, but also to mitigate the abruptness of this 
change. 

(8) The eftect of electro-motive force in modifying the conductivity of the 
conductin|;t layer is well seen in self-recovering substances. There is a definite 
conductivity corresponding* to a definite electro-motive force. As the electro- 
motive force is increased, the sensitive molecular layer is strained, and a definite 
increase of conductivity pro<luced. When the increased stress is removed the 
corresponding strain also disappears, and there is an elastic recover}’^ of its former 
molecular and conductive state. Hence Avhen it is carried through a complete 
cycle of electro-mouve variation, with moderate speed, the forward and return 
curves coincide, and the substance remains, at the end of the cycle, in its original 
molecular condition. 

(9) This is the case where there is complete recovery on the removal of the 
stress. With non-recovering substances we find an outstanding residual effect. 
In a curve taken with cyclic electro-motive variation the forward and return 
carves do not coincide, but enclose an area. There is a hysteresis. The larger 
the range of the electro-motive variation, the greater is the area enclo^. 
There is a residual conductivity variation at tlu» end of the cycle which may be 
dissipated by vibration. 


FRIDAY, SEPTEMBER 13. 

Department II. — Astronomy. 

Chairman: Professor H. H. Tuunxb, D.Sc.y F.R,S» 

The Chairman delivered the following A<idress : — 

hv as you are doubtless all aware, that this Chair would be taken 

has Royal for Scotland, Dr. Copeland ; but- unfortunately illness 

prevented him coming to the Meeting. In doing what I can to fill his place 

N M 2 
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at very »liort notice, I shall not attempt^ nor would you expect, ii formal address 
such as we hoped to hear from him ; out 1 will venture to put before you one 
or tw^o redections ou a topic which has bi*en much before my attention during the 
last few years becuusa directly connected w'ith my own work, and which has a 
special interest for us from the allusions made to it yesterday morning by the 
President of our Section, viz., tin* question of scientilic co>operatijpx. It is a 
matter of considerable importancv to astronomers, who have <o deal with 
numerous observations and calculations ; indeed, the millions and billions vrhich 
express the distances, sizes, or ages of the heavenly bodies, and which are used 
to such good purpose by some lecturers for startling the imaginations of their 
audiences, scarcely 8uq)ass the numbers which must be used to express the work 
to be done by an astronomer. The enter})rise on which we are engaged at the 
Oxford University Observatory at the prestuu moment is the measurement of a 
quarter of a million star-places, w*hich will iakt» us about seven years ; and we 
are only one of eighteen observatories co-operating in a scheme of work. The 
product of eighteen by a quarter of a million does not brin^ us near the 
billions; but if we are minded to produce big iiiimbers we might remember 
that in the detenu inat ion of each iudi\idual .stiir-pla<*e a good many figures 
are required. At Oxford wc try to kiK^p the number to the irreducible minimum, 
but it certainly excmls thirty even there; while at other observatories it 
reaches 300 or 400. Thus we can with ease S4*cure a cnnlitable position in the 
thousands of millions in respect of this one piece of work, and the lajiseof a century 
or two is all that is necessary to produce billions of iigures in the ordinary course 
of astronomical observation. It is clear that in such work co-op«<ratton is an all- 
important factor, and the study of the best inetiiis for securing it and for using it 
when secured may well claim ti share of our attention. 

I may pause ifor a moment to consider the possibility that our experience may 
be of value to the devotees of other sciences. * Other sciences,* said Major Mac- 
Mahon yesterdav, * are not so favourably circumstanced as is Astronomy for work 
of a similar kind undertaken in a Himilar spirit.* But what may be true to-day 
may not be true to-morrow. It was not astronomers, but mathematicians, who 
first showed the value of a certain kind of co-ojieratiun. Major MscMahoii 
reminded us that the Spitaltields weavers founded a mathematical society in 1717, 
and thus anticipated by more than a century the formation of the Astronomical 
Society in 1821, which ultimately ab'jorlied prototype. Possibly in the future 
mathematicians will find the need of co-operaiioii of this other kind, which consists 
in sharing a great piece of work among several workers for the sake of comfort and 
rapidity, and so may profit by our example, as we formerly profited by that of 
the Spitalfields weavers. And there are indications that iu another science, 
that of Zoology, the time may be close at hand when co-operation between 
worke^ of a type very similar to that in full swing in Astronomy, will bo a 
boon, if not a necessity. Professor Karl Pearson, Professor Weldon, and others 
are introducing into zoology numerical operations on a large scMe, which 
promise further and further increase; and they would no doubt be ready to 
innate even now enterprises of a valuable kind which they are only deter^ 
from undertaking by their magnitude, and which a suitable scheme of co-operation 
might bring within the range of practical politics. Hence we should look to our 
methods of work in A.Htronoray with th(5 responsibility attaching to those who are 
leading where others may follow ; and above all things take care to make clear 
any mistakes we have made, so that others may [lerhaps profit by our experience. 

If it seems invidious thus to emphasise our* mistakes, 1 would remind you that 
astronomical co-operation has not always been succe-ssfiil ; indeed, it has very 
often ended in failure. I do not mean simply failure to attain its object. The 
^nd of astroDomera who divided the sky between them at the end of the eighteenth 
century to look for a minor planet met with tlua kind of failure, for the first dis- 
covery fell by the irony of Fate to another, who woe not engaged in any 
search of the kind. This unlucky accidtiot must not, however, make us forget that 
the co-operators worked diligfjntly side by side for several years. Failure of a 
more real kind has overtaken enterjirises to chart the stars or to map the Moon, 
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which have proceeded very little further than the preliminary organisation. Some 
workers have dropped out early in the history of the scheme, some have not even 
started, and the blanks have not been filled up ; sooner or later — ^generally sooner — 
the scheme has been abandoned. The curious may read of some of these schemes in 
back numbers of the * Monthly Notices/ thoujrh some of them never got into print, 
and are ev.lA[ to be traced in tlie Minutes of the Koyal Astronomical iSociety. And 
yet of many bUtliem, if not all, it may safely be said that a little more energy on the 
part of nomphody would have produced an assured success ; somebody to see that 
the gaps were filled up, and dilatory workers liastened or superseded ; somebody to 
be a sort of foreman of the works. It does nut seem unlikely that this general 
supervision is best performed by one not actually engaged in the work himself— a 
man of adairs. One of our great London schoolmasters declares that a nominally 
idle man should be at the head of all entei^rises ; that be never knew any good 
come of any work where there was not ' a man with his hands in his podsets 
looking after it/ We have scarcely found this to be a necessity in Astronomy ; 
for the men who have* looked after tne eighteen observatories, taking part in the 
Astrographic Cha ;t, have been Directors of the Paris Observatory — men with many 
things to claim their attention. To the individual energy of the late Admiral 
Mouebez and his successors the work owes a great deal. It fell to their lot to 
overcome the difticulties I have indicated ; to undertake the voluminous corre- 
spondence necessary at the start ; and to fill up gaps in the ranks of workers. 
Last July it was found that of the eighteen observatories which had promised to 
take part, three had made no start ; and M. Ixewy forthwith superseded them and 
found three others. Thus the risk of incompleteness has been removed ; and we may 
hope that ime danger which threatens such schemes lias been successfully averted^. 

But the removal of this danger draws our attention immediately to another — 
that of taking far too long in finishing the work. The project for making the 
Chart was originally discussed fourteen years ago, in 1887 ; and it was urg^ by 
many of those then present that a reasonable time, say ten years, should m fixed 
for the completion of the whole. In spite of the representations of this prudent 
minority, the programme was made an ambitious instead of a modest one, and 
some stretching been done since, with the result that after fourteen years only 
one or two ob^rvatories aref within sight of the goal, the majority seeing from ten 
to twenty years" work ahead of them ; and, as above remarked, there are three 
which have* not yet started. ^N'ith this experience we may well ask whether the 
limit proposed even by the prudent minority was not too high ; and whether It 
would not be well to fix five years as a limit to any scheme of co-operation which 
is as pt on paper only. 

The danger of attempting too much is illustrated in a somewhat ditTerent way 
by the Eros campaign. It will bn clear from what has been already said that 
the eighteen observatories responsible for the ("hart have their hands quite full ; 
and now comes a special occasion — an opportunity that will not occur again for 
thirty years — to determine the Solar parallax. I-iast winter the iiewlv-diarovered 
planet Eros was known to be coming close to us, and we had an occasion of more 
value than the Transits of V'eiius. What were the eighteen observatories to do ? 
They could not at any rate refuse to take photographs, and this has been done ; 
even this meant a great deal of additional work for some people for a few months ; 
but it is a mere trifle compared with the work that is still to come in measuring 
And reducing the plates, which will be a sensible fraction of the work already 
projected for the Chart. Which is to be done first ? Prudence sugsests 
nnisbing one enterprise before beginning another, putting aside the Eros plates 
nntilthe Chart work is finished. On the other hand there are thirty other observa- 
tories sharing the Eros work with the original eighteen, and they will be more or 
less impatient^ for our results. In this dilemma some rather unsatisfactory 
compromise will no doubt be adopted, but we may heave another sigh thfit the 
aavice of prudent minority in 1887 was not taken, for in that case not one 
^ many of the eighteen observatories might have completed the Chart 

^ork before Eros came. » r 

A iiow pass to a ditferent kind of danger to which co-operation renders us 
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liable. To secure homoj^cneity in the work it is necesaary to bind the asaociaiitigf 
indiTiduals by certain rules, and we run some rbk of checkings that originality 
which is almost vital in scientific work. There is scarcely any scientific operation 
so mechanical that it mav be safely left in entire charge of those without originality 
and the liberty to use it. QuiU) re^ntly a scheme of co-ojperation has been 
adopted in the preparation of the nautical almanacs of the different^jn*^ions. It 
is thought that certain calculations to be performed are so well settTra that inde- 
pendent calculation is a needless waste of labour, and thus certain sections of, say, 
the American Nautical Almanac and our own will be lienceforth identically the 
same, printed from the same manuscript computations. 1 cannot but regard the 
project with some alarm. The risks aga'nst wliich we are guarded by independent 
computation may lie aiiinll, but 1 cannt»t bt^licve them to be evanescent, and 1 
attach some value to the healthy stimulus of compiirisou (or we may pt^rhaps say 
competition) even for nautical almanacs. DitVerences revealed by such com- 
parisons in the past have often been traced to causes wliich were fiy no means 
obvious or iinworthv of attention. 


But without laying too much stress on this case, which is obviously an 
extreme one, we can, 1 think, well nnder.<«tand how the taking |)art in a co-operative 
scheme mav lower the tone of .ooientiiic work. There is a V€*ry real possioility of 
replacing the alert spirit of investigation by a mere tnechanical repilaril^ ; nay, 
even of making one who .should be an astronomer into a mere drudge. This has 
at times been the declared method of great astronomers with their subordinates; 
they have professed themselves quite able to do all the tbinking required, and 
looked for the help, not of inudligent os.Hi.stants, but of mere drudges.^ This was 
Pond s view, and more or les.^ that of Airy in his early years at Greenwich ; and I 
iiee<I not stop in jKiint out the errors into which it led tliem, and from which we 
are still struggling to free ourselves. There are, I am happy to think, few who 
would now dtdibemtely adTi>cate it, and we nei»d not waste words in try ing to 
convince these. Hut it* we acknowledge the crushing out of intelligent independ- 
ence in subordinates to be a mistake, how much greater is the evil if it spreads 
through the whole staff of an obsorratory, including tho Director himself P And this 
is at least a ptjmb/f* result of co-operation. We can only too^ easily imagine a 
scheme of work in which the rules are laid down so completely and so 8trinjp?ntly 
by the central bo<ly that nothing is left to the initiative or orinnality 
of the individual observatories; and the l)ir»*ctor of such a one might find 
himself with nothing to do but see that the rules were adhered to. If the 


work were at the same time planned to extend over a period of ten or 
twenty years, as is quite pos.«ilile in Astronomy, we can well understand 
that his efficiency as an iiitelligimt scientific worker might become 
seriously affected. We must not shut our «»ve8 to this danger. Astronomical 
work is terribly linhh? to settle down into routine ns we nil know ; and the exist- 
ence of so many small observatories where nothing is done beyond routine 
observations witli the transit circle is not a credit to us. It is reassuring to find 
that many of them are ready to use opportunities which present themselves. 
For instance, when the Eros work was planned, fifty observatories responded to 
the call for volunteers. But is there not even here another point of view? 
What were all these observatories doing before, that they are able so readily to 
take up a new projf.*ct Y 8ome of them we know had enough on hand already, 
and only added the Eros work with reluctance; but it is to be fuared that others 
hailed it as a welcome onnortunitv to do snmetliincr of some use. not having been 


be a real step in advance. Some fortunate men find it comparatively simple, but 
to the majority it is a labour and toil, and only through much tribumion do they 
entei^ their kingdom — their own domain in which tliey recognise thdr ofrn true 
work. It is much easier for such to turn aside and follow some king who 
come to his crown more easily ; to take a share in a great piece of work oigfanisea 
by some master-mind. But is not this a serious loss to them and to 

ler workoi 


removing the incentive to independent thought P 
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Here, however, I end, for the present at any rate, my list of the risks and 
danf^ers which co-operation britigH in its train. It is time to turn to the other and 
brighter side of the matter; for there is a brighter side, which [iresents itself, 
as It should to experimental philosophers, when we come to practical working 
AS opposed to forecasting ; and it is because the great scheme of the Astrographic 
Chart illMctrates vividly both the dark side and the bright, both the possible evils 
of such schenlhs and the actual benefits which may replace them under certain 
circumstances, that 1 have ventured to select it so often for reference in these 
remarks. We have seen how it has escaped the premature decease which has 
befallen other such schemes, owing in great measure to the energy of the central 
authority. The mistake of attempting too much is unfortunately now irreme- 
diable in this particular case : but it may serve as a warning on future occasions. 
It remains to show how the danger of crippling individuality has been averted in 
an unexpected, almost a comical, manner. 

At tne oiit8«*t this danger was distinctly threatening. At the earlier confer- 
t?nces there was manifest anxiety, chietly on the part of those who were not going 
to do the work, to bind down the workers rather stringently by rules of proewure. 
The. anxiety seemed to be intensified rather than diminished by the circumstance 
that it was not very clear what these rules ought to bt». Where several courses 
were open, each found its champion, and the discussion was perhaps most 
animated in the coses where the teaching of actual experience was least 
available. On several occasions a decision was only arrived at by on expedient 
which seems to be familiar in Continental mt^tings, but is little known in 
Kngland ; perhaps it deserves a wider recognition. When formal discussion 
w'axes warm, the Pn^nident declares the meeting dissolved, for ten minutes 
of informal conversation. The meeting forthwith breaks up into animated 
knots of eager talkers; opponents who have been addressing one another 
with the meeting between them rush across the room to each other and put their 
points with renewed emphasis and unfettered gesture, and for ten minutes there 
IS apparent confusion and some noise. Hut when the President's bell again rings, 
the effect of the outburst is manifested in a restoration of sobriety and the passing 
of a resolution : and so tlio number of resolutions mounts up, and by the end of the 
Conference a respectable list of them is ready for the printer; a list quite long 
enough to quench any spark of originality in * the individuals taking part in the 
work. But now comes the unforeseen feature of the enterprise. The participating 
workers go off to their observatories with a copy of these rules their pockets, 
and do not observe them. Such as they find convenient they adhere to closely ; 
but when they find by experience that a rule will not work, they do not hesitate 
to prefer their experience, as good and faithful experimental philosophers should. 
And their individual experiences were by no means similar, so that the sheet of 
rules was torn .across in all sorts of directions; the original copy would be now 
barely recognisable by those who subscribed to it. 

But then is anything left ? Is not this the practical failure of the scheme P 
On the contrary it was its salvation. The diversity of experience was not funda- 
mental, but to a groat extent apparent only. The rules which were broken were 
those which experience proved non-essential, and which ought never to have been 
made ; and when tho.se who had actually carried out a considerable portion of the 
work met last year, they found that they had arrived at practically the same con- 
clusions by a diversity of routes. It was inevitable that they should, rules or no 
rules, if they went to work honestly and perseveringly ; and if some went a longer 
way and some a shorter to the same goal this was, after all, an unimportant 
matter beside the fact that they all arrived at last. Had they not thrown oft 
the needless constraints they might never have arrived at all. 

The r^ity of this happy consummation was illustrated by two minor inci- 
dents, which I will mention. At this last Conference several points were brdught 
up for discussion which had not been previously considered. Guided by expe- 
nence, no attempt was made in general to frame new rules of procedure : the 
obje^ was tacitiy assumed to be t£at the different workers ^ould compare notes 
for their own guidance. But there were some present, especially among those not 
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participatiiij^ in tho work^ who had not profited by the lessons of the ; and one of 

them read out a rather elaborate resolution for decidiopfone of the points in question 
on a uniform plan. It was just such a n^solulioii as would have led to an excited 
debate at the earlier ( 'Onferences and ultimatelv to a ciit-and>dried rule. It was 
now received iu embarrassed silence. Then one who had p^auged the opinion of 
the meeting mort^ adequately rose to point out how retrogressive it^^s. With 
the utmost courtesy to his collengue and iu the most genifd mnnntyr^pointed out 
that such a resolution was both dangerous and useless, and was better let alone, 
which was accordingly done. 

Again, one of the co-operating directors rose tonsk for guidance on a doubtful 
point. There were certain plates whicli might or might not bo considered pro- 
perly falling to his share, according to tlie definition of his boitndaiy. In this case 
individual opinion was dtdilierately subordinated to the dt^cision of the meeting. 
Would the meeting plea.se decide the pointy Surely hero the meeting might give 
a decision without danger. Hut the meeting had been humbled, ond was no longer 
in the mood to give decisions. Proposals to direct the questumer to take the 
doubtful plates, to recommend him to do it, and to encourage him to do it, were 
successively considered and rejected as being dictatorial ; and it was finally 
decided that the im*eting wottld not forbid him to take the extra plates if he so 
wished ! 

Hut the comedy of this restiU has a very serious significance. We may heartily 
congratulate ourselves that the time is not yet come when astronomers are pre- 
par^ to lose their individuality in a co-operative scheme of work ; and still more 
that such schemes can be found where sucli loss of individuality is unnecessary. 
May it not be said that something very similar has lieen realised in the case of t£e 
other scheme of co-operation referred to by the Pr(*flident of tlie Association 
yesterday, the scheme for a Catalogue of Scientific Literature ? The original 
proposals were of a kind which left too little sco|h^ for tlie individuality of the 
different sciences. Fortunately the mistake was rectitied promptly, and the present 
plan leaves much more to individual judgment. Some such compromise would 
seem to be es.«ential (if we are not generalising too hastily) to the success of 
co-operative enterpris«*a in science. \\'e must, above all things, take care not to 
crusn individuality. I would even go so far us to say that so much of the element 
of as can )>e prr>served without endangering uniformity in essentials 

should be diligently cultivated. .\dd that the original scheme should be as modest 
as possible, and that an energetic, man Hlioiild be put in a position to wake up the 
dilatory and to'ensiirt* that tlie pace, which is niH^essarily that of the slowest, be 
not funereal, and 1 venture to think that we may eliminate failure from co- operative 
scientific enterprises. 

The following Papers were n^ad : 

1. (hi the Poifsibilily of Syntematic Error in Photoyrajihs of a Mo^nny 
Ohject. Jhj A. R. Kinks, M.A, 

An li priori objection to the method of obtaining the position of a planet from 
photograph.^ is the alleg€;d possibility of systematic error due to the fact that the 
images either of the stars or the planet must be short trails, and the ends of 
these trails may not be symmetrical with respect to the mean epoch of 
exposure. In photographing lOros at Cambridge last winter for the determination 
of the solar parallax the exposures w'ere made following alternately the stars and 
the planet. A comparison of the two series will not show the existence of a 
systematic error constant for stars of all magnitudes, but it would show an 
error which was a function of the magnitude. Forty exposures each of eightoen 
selected stars have been measured, and show no trace of such an error. The 
author concludes, from the absence of a differential effect between 
different magnitudes, that the absolute systematic error due to trail is probably 
insensible. 
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2. Thd Eeaentials of a Mtzchim for the Accurate Meamremenl of Celestial 
Photographs. By A. 11. Hinks, M.A. 

It is now within the power of amateur astronomers to do work of the highest 
value by measuring photographs made by the existing telescopes of the public 
otorvator^ in such nurntx^rs that tliey cannot all be measured and discussed at 
the obser^^atotii^ themselves. When this is more fully realised there will be some 
demand for a suitable measuring machine at a not extravagant price. The author 
attempts to define the essentials of the simplest machine which will do work of 
the highest accuracy. 

The machine shall measure <inp coordinate at a time on plates impressed with 
a standard 5 mm. r^seau. 

To ensure that the error in the iiiea.sure due to the machine and the observer 
shall not he w large part of the w*hole error, the machine must read to 0*0001 of a 
Tcaeau interval It. 

The object glass of the microsco^ should project the image of a INsquare with 
magnification unity on to a divided glns.s scale in the eyepiece, to divide it into 
one hundred parts. This scale should have the spaces numbered, not the divisions. 
K-lines and star discs are then referred to the centre of the scale space nearest 
each by a micrometer screw, which may lie applied (1) to the plate carriage, (2) to 
the scale, (3) to the objective. The last has not b^ii done, but it promises the 
advantage over the others that it brings the micrometer head at a convenient 
distance from the eye ; and since the range of motion required is small (0*5 mm. 
is ample) the objective could be carried in the centre of an arm pivoted at one end 
and jpres^ against the screw at the other, which would be simple to make. 

The objective nuist give a flat held over at least 5 mm. The tube carrying 
the eyepiece and scale must liave a focussing movement, preferably independent of 
the (mjective, which should have a £mall independent range of adjustment to 
make the It-square fit the scale and reduce errors of run. This does not disturb 
the focus if the objective is midway Ijetween plate and scale. 

The plate carriage must move on two rectangular slides, which need not be 
really true. It may be moved by hand, but a quick rack and pinion motion is 
much better. Clamps are noC necessary if the carriage is counterpoised. Kough 
setting scales with adjustable pointers are necessary. The plate should be 
brought up by springs under three studs, and an orientating screw at one comer 
is re(]^uiTed. 

Unitbrm illumination is given by a simple convex lens below ibe plate and a 
concave mirror. It is most important that the observer should be shielded from 
direct light by black curtains and screens, that he may be able to keep both eyes 
open. 

The essentials are ; (I) objective giving a flat field, mid (2) divided scale in 
the eyepiece, good optical work ; (3) micrometer screw motion to subdivide the 
Male spaces, the only part which wants really good mechanical work ; (4) simple 
focussing movement ; and (o) orientating screw ifor the plate. 

Semi-essentials, which quickly pay for themselves in time 8nve<l and fatigue 
avoided, are 

b adjustment of objective independent of microscope tube by a divided 

nwd ; rack and pinion motion for the plate carriage ; (8) lens and concave 
mirror iliumination ; (0) light screens. 

of most oi these imints reference is made to a paper by the 
utlior, Monthly Notices of the iloyal Astronomical Society,’ 1001 Alny. 


3. Eote on the Singkep Commutator. By David P. Todd. 

a meeting of the iVssociation I described the Tripoli commutator, 

onerAf* which I employed at that station on May 28, 1000, for 

• eclipse instruments automatically. The fortunate accident of 
the instruments on the roof or terrace of the British Consulate made it 
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possible to drive the cords from the commutator barrel by gravity. The method 
could not be conveniently used except under like circumstances of elevation. 

To operate the instruments at Singkep, Netherlands Indies, was a very different 
problem, and led to the devising of two improvements in this type of mechanical 
commutator which make it universally adaptable to the needs of noth astronomers 
and physicists : — ,, 00 ^ 

{a) Instead of a single barrel or drum I listed as many dntfns as there were 
instruments to lx* operated. Each dniiu was provided with a collar and aefnscraw, 
so that the process of adjusting one instrument and its automatic movements did 
not disturb the adjustments of others already made. 

Instead of gravity as a power to turn tlie drums, they were turned by 
hand, timed accurately to the motion of a iiendiilum ; and the commutator cords, 
after unwinding from the several drums ami doing their work in tripping the 
escapements, were returned over pulleys, each to its individual drum, where they 
wound up on one side just us fast ns they unreeled from the other. This simple 
arrangement easily gave accommodation for the 80 feet of cord required by the 
Om. I’Os. duration* of totality. 


4. The Drift in Longitnd*' of (rronps of Farnfat on thr Stoics SurfcLce, 
By the Rev. A. L. Coktik, 

From a discussion uf the Potsdam photngraplis for the year 1884, Wilsing con- 
rduded that faculm did not show the drift in longitude with decrease in latitude 
exhibited by sun-spots. An opposite conclusion was derived from plates covering 
the period 1801-04 at Piilkowa, by Statonoff’. On these plates no facula was 
followed for more than three days, and the measures were made on selected points 
in the facnlous groups. From the study of selected groups of faculm in the year 
188tb Father hiidgreaves showed that groups considered as a whole during long 
periods of time drifted with t ho spots. The present paper is supplementary to 
that of Father Sidgreaves, and while traversing the same groima, mvee a more 
detailed discussion of the observations. Moreover, it is illustrated ny diagrams 
which .•‘how the drift in a very convincing way. The periods of time during which 
the faculne were followed ranged from Pd to ISO days. The year 1^9 was 
selected as being a minimum year of sidar activity, and therefore presenting less 
ditticiilty for the identitication ami following of the several groups of faculie than 
in a maximum year. Moreover, to make identitication certain, of 121 groups 
drawn and inea.siired during that year, all but thirteen were excluded. Thest^ 
lattc^r groups were all connected with siin-spots, and passed through the various 
phases of growth which cliaraci<*risf? such groups. In the study of the drift, 
Carrington\'4 m#‘i hod, JM^t forth in his ^Oliservation.s of Solar Spots,' was exactly 
followed. A centre of each group was chosen w’hich appeared to give the most 
trustworthy re.sult for diurnal motion. Rut every member of each group bad pre- 
viously been put down in its true holiographic position on a set of charts, one to 
each solar rotation. The positions were determined from the original drawings by 
means of a series of accurate heliographic projections. The Table gives the 
results from the measurements. 


i^tuiy Aiiguiar xuoiiuu 


I^atitodu 

Number of Ci roups 

Fiicuin? Groiii>8 
(Stoiiyhiirst) 

1 Spot Groups 

(CarrinKton) 


. . ™ 

0 

0 


1 

M-5 

14*3 


1 

J4-.3 

14*7 

- 2 

1 

M-6 

13*9 

- .3 

1 

14*4 

14*2 

- 8 

4 

14*8 

14*3 

9 

3 

; 14-4 

14*4 

-24 

1 

14*0 

18-8 

-26 

1 

18*9 

13*7 
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The Table shows that, at least in the cases discussed, there is a real drift in 
oniptude with reduction of latitude. This is especially noticeable in the cases 
)etween — 26° and —8° The diagrams in which the facuhe are set down in position 
Lt successive periods show the drift in a most striking and convincing manner. 
Vn apparent lagging of faculse bt^hind the leading spot of a group is accounted 
or by the dtscppearance of the following members of the spot groups, and not by 
i retrograde drittfV)f the fociilic. 


j. Oil an Exceptional Case in ike deter tninalion of the Constantit of a 

Photographic Plate from knoivn Stars. Jig I^rofessor H. H. Turner, 
J\K,S. 

At the University Observatory, Oxford, the places of stars on about 800 
photographic plates, each 2^ x 2°, have already been measured ; the whole number 
of plates to be measured as the share of this observatory in the International 
Astro^aphic Survey leing 1,180. Hach plate contains on an average about 350 
stars, but the number varies coii.siderably (from 100 to 2,000). Of these a certain 
number (from 10 to 30 per cent.) have already been obst^rved on the meridian, so 
that their places are known ; and from these known places the ‘plate constants’ 
are determined (scale value, orientation, &c.), .so that th»* places of the remaining 
stars in the sky can bo inferred from the measures of the plate. The constants 
are found by two set.s of linear equations, one set from measures of the x 
coordinates, another from g: and the correctness of the solution Is checked (a) by 
the agreement of the resuU.s from the two sets, which are solved independently ; 
(A) by the accordance of the residuals for the known stars with those found from 
other plates. 

The equations are solved, not by the method of least squares, but by n 
proce^ in many ways equivalent to it.* To avoid the heavy work of squarlmr and 
multiplying numerous cocHieients, the stars are grouped so that by mere addition 
we can form three equations presenting the chief features of the normal equations 
which arise in the work by least spiares, viz., that the coefficient of each 
unknown quantity should be rolativtdy large in one equation. In almost all cases 
hitherto this process, which is comparatively simple and expeditious has 1>een 
found quite satisfactoi^'. 

A plate with centre 13'* -f 27°, taken on May 5, presents a carious 
e.\ceptiou. There are only fifteen ‘known’ stars on it, and these are so arran^d 
(all near the line .r« //) that th»^ usual method of grouping failed to give a solution 
at all. A deliberate regrouping was tlien made with special attention to the 
characteristics of the plate, out the solution obtained was unsatisfactory when 
jnclged by either of the criterions («) and {b) abovi* mentioned. 

The machioery of ‘ Iea,st squares * was then set in motion, with the result that a 
satisfactory solution was obtaiiie<i. It seems worthy of note that this machinery 
.P*’*^cticaUy give satisfactory results in coses where simpler methods fail. 
Ikis instance is of some importance as representing an extreme case out of 800 


On thc'Position of a Planet hegoud J^cplnnc. Bg G. Forres, F.K.S, 


SATUJinAV, SEPTEMBEll U. 
■Ibo Section wns divided into two Departments. 


Dkpautm ENT I. — Mathematics. 

A joint Siaeumion with iiection Lon t/w. Teaching of M<ahen\atie8t opened 
by Professor John Pkrry, FJt^S. 
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Department II. — Physics. 

Tho following Koport ami Papers wero read : — 

1. Rejmrt on Radiation in a Matjnt^tic /’iV/:/.-- See Reports, p. 39. 

2. XoO* on a ^M^nd of dt'tcnnininff Sfwnjic Ifeats of Metah at Loto 
Temi^eratare^, Hi/ T, G. Bedfoiu), JI.A., and C. F. Gukkn, M.A, 

I 

Tho specific heats of solids at temperatures below 0° ( '. have hitherto generally 
been determined by an obvious slight modification of the method of mixtures as 
generally used for temperatures betwetm 0® aud UKJ® (*. 

It was suggested to us by Mr. IC. 11. GrifKths that better results might be 
obtained by adopting a method which <*im be regarded ns analogous with one 
which has already been used with >uccess for tho 0® C. to 100® C. range, vi*., that 
of Joly 8 steam calorimeter. 'Fhe metal, whose specific heat is required, having 
been previnnslv weighed in water kept at O-^l’., is cooled to a low temperature and 
then again imimTsed in tho ice-cold w'ater. The metal, with the coating of ice 
thus formed on it, is again weighed in the water. From the difference in the two 
weights the mass of ice formed is calculated, the density of ice being known, and 
thence the specific heat of the metal is obtained in terms of the latent heat of 
ice. 

The experiments have been merely of a preliminary character, but they have 
served to suggest the following as an appropriate form t»f apparatus. 

The metal to be investigated should be enclosed in a cylindrical box, and 
experiments pt^rformed first with the box empty and then when it contains the 
metal. Then if the Avails of the box lie of sufficient thickness, this differential 
method would eliminate to a great extent corrections for the suspension wure, 
for the gain of heat by the metal and the deposition of hoar-frost upon it during its 
transit through the air, i'tc. Die essential feature of such a box is that its volume 
should not lie altered by opening and closing it. 

The * cooler’ used by us consisU'd of tliree 'coaxial cylinders. The metal 
experimented upon avjvs suspendt^d in the inner of the three chambers thus formed, 
the middle chamber contained the cooling agent and the outer chamber formed an 
air-jacket. 

It appeared that the Ixjst iiietho<l of determining the temperature of the box 
would be to bring it into direct metallic connexion with the thick walls of the 
inner part of the cooler aud to insert a platinum resistance thermometer in the 
walls. 

Ill the method briefly sketched above, the accurate determination of the rise in 
temperature of the water in a calorimeter in experiments by the method of 
mixtures is replaced by two Aveighings. These weighings must, however, bo 
performed Avith great accuracy^ since the difference in the observed weights caused 
by the formation of ice is only /^th of the weight of ice formed. 

The chief difficulties of the method are : — 

(1) Uncertainty as to the density of the ice owing to the presence, of air in the 

water. ^ . 

(2) The fact that the Avater cannot be stirred during the process of weighmKi 
and that therefore its temperature begins to rise above 0® C. and the ice gradually 
melts. 

3. A New Gauge for Small Pressures, 

P>y Professor Edward W. Moklky and Ciiarlks F. Brush. 

The paper describes two forms of gauge for the measurement of 
of a gas. It was especially devised in order to measure the pressure 
vapour. For this purpose McLeod’s gauge cannot easily be omployedi owi s 
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chiefly to the fact that tho amount of absorption by the walls of the gauge 
changes slowly when the volume of the vapour is changed by the compression 
utilised in that inatrumeiit. 

In both forms of our gauges, a mercurial siphon gauge, having tubes of five 
centimetres diameter, is mounted on an instrument lik^t a level-trier, and differ- 
ences of IdW- in the two sides are measured by determining the inclination of the 
whole gauge whiih is required to bring the two surfaces to coincide with two 
fiducial points in the axes of the two arms of the gauge. From the measured 
inclinutioii, together with the known linear distanccf of the two fiducial points, is 
computed the difference of level of the two surfaces of mercury. 

This principle (duo to M.) has lx‘eii carried out in two ways. In the first, the 
siphon gauge is carried on a kind of bridge, supported at one end by two points 
which rest on a horizontal plate on a solid pier ; and, at the other, by the point of 
a micrometer screw, which itself r«*sts on the same horizontal plate. In the axes 
of the two limbs of this gauge are two platinum points, at the same level. The 
amount of mercury in the gauge can 1 k^ changed by a fine adjustment. 

When the pressures in the two arms of the gauge are the same, we determine 
the zero reading. Tlie amount of mercury in the gauge is altered till one fiducial 
point barely touches the inercurv, wliile the other creates a depression. Then the 
inclination of the bridge is changed till the two depressions become equal. .Mer- 
cury is now rmnoved from the gauge, when one depression will commonly disap- 
pear before the other. The adjustment is re|M*ated fill both depressions disappear 
together, or till both are apparently ecjiial when made .as small as can he seen. The 
reading of the micrometer screw now is tht‘ zero rending, and marks when the two 
points are in the same horizontal plane. 

If now tho pressures in the two pnrt.s of the gauge become unequal, their 
difference can be measured by determining what ni^w inclination must be ^ven 
to the bridge and gauge in order to bring the two fiducial points into coincidence 
with the mercury surfaces again. Knowing the linear distance between the 
fiducial point.s, we can compute their difference of lev<d in their new position, and 
80 measim? the difference of pressure between the two sides of the gauge. 

No optical appliances are needed in the use of this form of gauge. The ob- 
server, moving liis eye up and down, causes the image of a window bar to move 
across the depression iu tiie mercury made by the fiducial points. From the ap- 
pearance of this image, he can, even without tlu^ aid of a magnifying glass, equalise 
the depressions with a mean error less than the five-thousandth part of a milli- 
metre ; after some practice, of course. But an observation requires two, three, or 
four minutes. 

We have therefore constructed tw^o gauges of a second form, employing the 
same general principle, but also utilising an optical appliance (due to B.) by which 
a reading is made ns speedily as is an ordinary micrometric reading, while the 
aaurwy attained is even increased. Between the two arms of the siphon gaupie 
with its wide tubes is placed a pair of mirrors, so adjusted that the two fiducial 
points, as well as the two images of these in tlio mercury, ai'e seen side by side in 
the field of a microscope carried on the apparatus aifd moving with the tubes and 
mirrors. The surface of the mercury is not seen ; the two pairs of images of the 
points, one belonging to the right arm of the gauge, and one to the left, are par- 
tially superposed, so that the extreme ends of the points are perhaps a tenth of a 
millimetre apart. If now the two real points are equidistant from the surfaces of 
tlie mercury, the two pairs of imi^es will seem equidistant ; if not, the inclination 
ot the whole system of gauge, mirrors, and microscope is changed till the distance 
etween the left-hand pair seems equal to that between the right-hand pair. This 
^ bisection of a point with the wire of a micrometer, 
fac found it necessary to grind and polish the external and internal sur- 

refrA tubes of his gauges, in order to eliminate errors due to irregular 

throui»i?*' irregular surfaces. In our apparatus the poiuts of the tul^ 

^thereSr fiducial points are viewed are always rigorously the same. We 

cientlir^^ secure an area in each tube through which we can get sufli- 

y gooa definition ; it is easy to select such an area in the tube which is about 
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ix> be worked at the lamp, and then to secure tliat the selected area shall occupy 
the desired position in the completed apparatus. 

To secure precision many precautions were taken. The construction and 
mounting: of the instrument is much like that of an astronomical instrument. A 
massive cast-iron standard, desig^ned so as not to be distorted by changes of tem- 
perature, rests on an isolated stone pier; on it, moving on trunnions^ *.u V-shaped 
supports like those of a transit instrument, is carried the plate on which siphon 
gauge, mirrors, and micro8CO|>e are fixed. The free surface of the mercury in each 
arm of the gauge is five centimetres in diameter. I'iie tube connecting them is two 
centimet res in diameter, and is but two centimetres below the free surface ; so that 
tlie teraporatui*e of the two columns of mercury shall be equalised rapidly. Good 
illumination is provided, with care to minimise the access of heat to the mercury. 
The pair of mirrors is provided with every motion required to bring the two fidu- 
cial points into focus at once. nu<l to give the imagers of the points any desirable 
position in the field of the microscope. The ends of the points are wrought into 
small hemispheres. With all these precautions, as well as many others, we have 
been able to make measurements in which the mean error of a single reading is not 
very much greater than a ten-thousandth of a millimetre. 


f. Tht’ l^'amnnisslnii of llmt throuyh WaU^r Va/)ffUt\ 

Bij Ohaules R Bierisii and IVufossor Edward W. Morlev. 

In the discussion which was tlicited by the paper of Mr. Brush on a new gas 
whose power of tran.siuitting heat i.s vastly greater than that of hydrogen, Sir 
William Crookes suggested that the observed phenomena might perhaps be due to 
water vapour, and d(*scribed ex[)eriments which swmed to < show that, at high 
vacua, water-gas is a better conductor of heat than either air or hydrogen at similar 
pressures.’ 

Being able now to measure small pressures directly, we have determined the 
rate of transmbsion oflieat through water vapour at pressures from that of satura- 
tion at 0^ to less than a millionth of an atmosphere. The three gaugt^s described 
before have lieen used in three series of experiments with three diuerent apparatus. 

At low pressures, water vapour transmits heat more rapidly than air, but not 
80 rapidly as hydrogen. The superiority over air is a maximum at twenty or thirty 
millionths of an atmosphere, and is not far from «K) per cent. At sixty^ or 
eighty millionths, air and water vapour transmit iieat at the same rate ; at higher 
pressures, water vapour transmits heat less rapidly than air at the same pressures. 
Statements more precise^ than these cannot now be made, because the form and 
dimensions of the apparatus used modify slightly' the curves which represent the 
relations between pres.«>ure and rate of transmitting beat, and the place of intersec- 
tion of the curves is thi»rcfore uncertain. 


5. CompfirtHon oj the ConMant Volume and Constant Pressuire Scales for 
Hydrogen between O*’ C. and — 1 90*^ C. By Mr»RKr8 W. Travers, D.>S'c., 
and George Senter, tLSc. 

The authors describe a modified form of constant volume gas thermometer in 
which the average temperature of the stem — the part connecting the bulb with 
the so-called dead space ’ — is determined from the readings of a secondary gas 
thermometer the buln of which lies side by side with tne stem of the main 
thermometer. The relation between the two scales was deduced from the expan- 
sion of hydrogen at constant pressure between — 190® O. and 0® C. The arrange- 
ments used to determine this expansion were as follows:— ;The bulb of the 
constant volume thermometer was immersed in liquid air side bjr side witii 
another bulb, which we may call the constant pressure bulb, filled with 
of ail® hnown pressure, the temperature being deduced from the readings of tw 
ygpQ^tant volume thermometer. The gas in the constant pressure bulb was then 
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pumped off and meaaured in a constant volume burette at a known temperature 
near that of the atmosphere, the relative volumes of bulb and burette being such 
that the pressure on the gas in the constant volume burette was as nearly as 
possible that under which the gus w^as contined in the constant pressure bulb at 
the lower temperature. By tlie above arrangement errors dm^ to uncertainty in 
the temperature of connections, &c., are eliminated. 

The results ns follows : — 


! T<»n»iK)raturfiR from cnnKtant 
I voUimo therinoiiM'l<?r 

II Hcalo ! Cent. hchIo 


Prc'HKurc* on 
gas ill bull) of 
coiiHiaiit prt's- 
Kuro appaniltiH 
in iiiilliinotroH 


Vnluint* f»f bulb 
of f’Oiistaiil 
pi-fcs.^urL* ap- 
]>aratUK in ( .i*. 


'oluine coefticieni 
of H botwcon 
- llSj^ C. and 
0' C. 


i 83*50 I - 180-54 642*85 


8.3-15 -180-80 683*70 

-100*04 710*70 

83*07 -I SO 07 700 85 

86*85 ' -186*10 704*.")5 


16-140 

*0036690 

12 930 

•r)03C710 

12-990 

•0036714 

16 140 

•oo:u;730 

13*908 

*(K)3ti730 


These results indicate that the volume coetHcient varies with the pressure on 
the gas at the lower temperature, and if tliese valiie.s an* plotted it will )je seen 
that the value of the coefficient approach«.*s *003060 when the pressure becomes 
small. This result is in agreement with theory. The value of the coefficient at 
normal pressure is *003667, and if we apply this result to the calculation ol 
corresponding temperatures on the two scales we find : — 

Temperature on constant volume scale . . . — 100® C. 

Temperature on constant pressure scale . . - ls»(f*5 C. 


G. Note. Oil tli^ Varintioii of th** Specifu' Heat of Waf^r, By Professor 
n. L. Callexdar, — See Reports, p. 31. 


7. Laws of Efertroiysis of Alkali Salt Vapours, By Harold A. 
Wilson, D,Sc,, M,Sc,, B,A,^ Cferk-MainvtU ^^fudeut, Camhridye 
University, 


The method employiMl in the experiments described in this paper was the 
following: — A current of air, containing a small amount of salt solution in 
suspension in the form of snray, was nossed between two concentric cylinders of 

S latinum heated in a gas furnace. These cylinders were maintained at a large 
ifference of potential by means of a storage battery, and the current between 
them through the stream of air and suit vapour wae measured at various tempera- 
tures and with different E.M.F.’s. 


It was found that above 1360® C, and with more than 800 volts P.D. the 
current through the salt vapour became * saturated/ that is, it was not increased 
Appreciably either by raising the temperature or increasing the E.M.F. applied. 

This saturation current was measured for a number of different alkali metal 
salts. The table on the next page contains the results obtained. 

It will be seen from the above results that the product EC is approximately a 
constant for solutions of the same concentration. Also EC is ten times greater 
^ith solutions of 10 grams in a litre than with solutions of 1 gram in a litre. 

. loUows therefore that the saturation current througli un alkali salt vapour 
J^y)^Jw>portional to the amount of any one salt passing between the electrodes, 

equivalent of the salt 


^ proportional to ^e electrochemic 

^hese results are exactly analogous to Faraday’s Laws of Electrolysis for 
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Liquid £lectrol;rtra, and cou»:\quently they establish the analogy between con- 
duction of electricity by salt solutions and that by salt vapours. 


Salt in the 
Solution 
HprayiHl 

Coiio. of 
Solution 
(Grins, per 
litre) 

j KlecirO' 
chemical 
i Equivalent ‘ 

1 of Salt 

I (E) i 

Saturation 

l*un*ent 

oLmerveil 

(C) 

i 

SO ^ 

1* 

CsCI 

10 

ir.s 

in i X io~* 

2-r.4 X 10“ ' 

UbI 

10 


13 .5 

2-S« 

K1 

10 

lliO 

1«4 „ 

2-72 

Nal 

10 

150 

lti-4 

! 2-46 „ 

CsCl 

1 

168 ! 

l*<il „ 

2-70 X 10“ ’ 

CR.CO, 

1 

I6:t 

1-61 

2 «2 „ 

Kbl 

1 

212 

1-25 „ 

2*65 

RbCl 

1 

121 

^*21 .. 

2'7l „ 

Ub.CO, 

1 

115 

2 44 .. 

2-80 

Kf 

1 

166 

1 ‘66 ,, 

1 2-7S „ 

KBr 

1 

no 

2 i:i .. 

1 2-63 

KK 

1 

58 

4 42 

2-67 

K,CO, 

1 

61) 

4-00 „ 

2-76 „ 

Xal 

1 

1.50 

182 ,» 

2-73 

NaBr 

1 

103 

2-44 

■ If 

2-62 

NaCl i 

1 

50 : 

4*73 „ 

2-7» 

Na.,CO, ! 

1 

' 53 

4*73 „ 

2-51 

Lil ■ 

1 

134 

2 03 

2-72 .. 

LiBr i 

1 

’ 87 

312 „ 

2-72 

LiCl 

1 

4;i 

6-25 „ 

2 6!> 

LiXO, 

1 

• :i7 

7-48 „ 

2-77 

1 


I 1. 

iMcan . 

2*67 


8. Prelimhiary Note on the Theory of the JA^jrinann Electrometer and 
related Phenomena. By F. G. Cottrell. 

In the paper it is pointed out that in the determinations of single potential 
diilercDces between metals and solutions of their salts by means of either the 
capillary electrometer or dropping electrodes the assumption has up to the 
present been made that the presence of a large amount of * indifferent* and gooc 
conducting electrolyte in uniform concentration throughout effectually prevents 
the differences of conc^entration of the metallic ions within the- solution from 
producing any measurable electromotive forces. This is shown to be the case 
only — 

(1) When the total quantity of depolarising agent (usually a meroury salt) in 
the dilute portion of the solution (layer next the mercury in the capillary) is large 
in comparison to that used up at the electrode during the measurements; or 
(2) when the depolarising agent can diffuse from the concentrated to the dilute 
portion in a practically undissociated state. 

In none of the forms of capillary electrometer or dropping electrode ^ 
employed for quantitative measurement is the first of these alternatives satisfied 
for such electrolytes as dilute sulphuric or hydrochloric acids or potassium 
chloride. It is, however, for those (such as certain strengths of alkaline sulphide 
or Rankle solutions) in which the unpolarised mercury is already at Its maximum 
surface tension. Tlie second alternative is also not satisfied by solutions of the. 
strong mineral acids or their salts, but probably is by cyanides, and to some 
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extent by iodides. Whether the sulphides also belong here is harder to say, but 
is not unlikely. 

It has long been admitted as one of the most vulnerable points in the theories 
of dissociation and the capillary electric phenomena that the values computed for 
such ceU^as Hg | K.CI | KajS | Ilg bv the use of these methods for the terminal 
K-M.F.'s and Planck's equations for the liquid contact (KCl | Na^S) do not 
with the valueS obtained by direct measurement of the cell as a whole. Tho 
tendency seems to have been to regard the contact Na^S | Hg as the disturb- 
ing element; but the views here presented jpoint to the discrepancy really lying 
in the determination of the valua lor Hg | KOI. This, of course, has a direct and 
important bearing on the value for the standard electrodes now in common use. 

The same considerations serve to clear up some of the discrepancies between 
theory and experiment in the phenomena of galvanic polarisation in general. 

The present paper is merely intended to indicate the line of reasoning which 
has led up to, and act as a preliminary notice for, a series of experiments aimed at 
a clearer separation and measurement of the individual components of these 
phenomena which the author has at present in hand, and expects soon to bring 
forward as basis for a more thorough and conclusive treatment of the whole 
subject. 

9. Efft^ct of Non- Electrolytes on the Ltppmnnn Electrometer Curve, 

By J. A. Craw. 

10. Determination of the Surface Tension of Mercury by the 
Method of Ripples. By J, A. Craw. 

11. 7'he Potential Differences of Allot ropic Silver, 

By a. A. Craw. 


MOXBA r, SEPTE^fBER IG. 

The Section was divided into two Departments. 

Department I. — Mathematics. 

The following Report and Papers were read : — 

1. Report on Tables of certain Mathematical Functions, 
See Reports, p. 54. 


2. A Criterion for the Recognition of the Irregular Points of Analytic 
Functions, By Professor MiTTAG-LEPFbF.R, Foreign Me^nber R.S. 

+ + ... be a lower series, and let us make the 

analytical continuation of this series along the line L, which starts from a. The 
paper dealt with the problem of finding a criterion which will determine the 
point .r upon L, which is found on proceeding from a towards 

The condition found was as follows : — 

- by ff and b two positive quantities less than unity, and by 


# "a > • • • 


1901. 
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constants defined hy tho formula 

-f 1 1 • (^A + w — 1) ■»X*” + *Cj X" ' + , , , j ^ 


Then the necessary and sufiicient condition that r be tiu* iirst singular point on 
L as we go from a to intlnitv is that the inequality ' 



holds independently of n. however small r may he, for an infinite number of values 
of n ; while tht‘ inciiuality 


* i i\ loiT ’ ■* - A h)ir * / 


/ (./ —//>( 1 —t’l) 

V lo- ‘ 


log 

1 -f ' 




holds for all SJitliciently large \ nines of n where we take a first and tlnui t 
sullicientlv small. 


3 . r‘>thaff il Fit/nrt* nj Ei/fti/Utrium liofnflitf/ LIf/uii/. 

yv/<J. if. !>.\rwin, F.tWS. 

Kllipsoidal harmonic analysis has iiMially been presenttsi in such a form as to 
make numerical calculation almost iuipossibfe, but. the nurlir>r helievt^s that he lui> 
succeeded in removing this defoet in a pa])er for the * lMnloHr>phical 'transactions/ 
now in the press. Ify aid of the metliods of that paper the limit of stability 
of Jacobi s ellipsohl becomes calculable. According to tho principles establi.shed 
by M. PoincanS stability ceases when we arrive at a stage where a coefficient «»f 
stability vanishes, and where tluTo i.s interchange of stabilities fwtween two 
coalescent series of figures. Tin* figure which coa*lc.s(’e,s with tho Jacobian at 
this point is tho jx^ar-shajied tigure sketched by Poiiican*. Xo atte mpt is raado 
in this paper to indicate tin* methods pursued, but results will merely ho given.' 

If CO denotes the angular vehicity of an ellipsoid of liquid, and /> tin? density, it 

is well known that hifurcaiion of the Maclniirin eHip.soid occiira when “ - ‘lx?!, 

and when a number /z to which the moment of momentum is proportional is 
•30;f7o.^ 

One (»f the ffquatorial a-xes then Wgins to elongate, and the other to shorten, as 
the angular velocity diminishc'^ and the m<itnent of momentum incrensi»fl. Thest* 
ellipsoidal figures with three iine<(ual a.\os are tho Jacobian ellipsoids. 

The problein to ho .solved i.s to find when a coefficient of stability in the 
Jacobian seritis fir.'*! vani.she.«, and to dftennine the nature of the figure which 
coaleM:es w*ith the Jacobian. 

If the phraseology of .spherical harmonic analysi.s b«* adopted, it is found con- 
venient to take as the principal a.vis of c)ua.vi-.syinmetry for the ellipsoidal 
harmonics the longest axis of the Jacobian ellip.soid. Then if appears that t lie 
first to vanish of the coefficients of .stability is that com^spoiiding to the third 
zonal harmonic. 

Tber following short table givc.s fhc5 leading facts concoriiing the Jacobian 
ellipsoids as far as just beyond their in.Htubilitv. The lost line in the table gives 
the correspiinding facts as to the critical Jacobian, which is a figun^ of bifurcation. 
The axes of the ellipsoids <y, />, c are gii'cii in such n form that their product 

* A paper giving the details of the investigation was iiresented to tho Boyal 
Society in October 1001. 

* .See P^rttc. U.S., vol, xli. p. 319. 
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equal to unity. The function fi was referred to alx)ve, and exhibits the increa.se of 
moment of moineiitum, whilst the atij^ular velocity fall.M. 



h 

c. 

Uf 

Unp 







697r 

11972 

11972 

•1871 

•30.875 

G96 

1128 

1*279 

•180 

•306 

ft916 

i 10154 

i:i8:u 

•1812 

•3131 

6765 

’ -9235 

1 iUm 

•10.59 

•3407 

6494 

•Hill 

1-H99 

•1109 

•3920 

'65066 

•81498 

1-8S5S3 

•11200 

-.38957 


I'.i the tif^ure the dotted line shows the three principal section.s of the critical 
Jacobian and the fuU line shows the pear-shaped tijrure, the amount of departure 
from the ellipsoid being, of course, drawn on an arbitrary scale. 

The reader who compares the iigun? of the critical Jacobian defined in the 
last line of the table and shown in the lignre with 1‘oincare’s sketch will perceive 
that it is considerably longer than he haxi supposed. The resemblance of the new 
lijruro to ft pear is also much less remarkable tlian in the conjectural .sketch. 



4. 2*hfi Simple Pendulum tvithont Approximation. 
By Profos.s<>r A. G. Grkkxiiill, F.B.S. 


j 5. Sphe.rical Trigonometry. 

By Professor A. G. Gukknuii.i., F.B.S.^ and C. Vkhnon Boys, F.R.S. 


On the. Partition of Series eacii Term of wh ich is a Product oj 
Qwntics. By Major P. A. MacjMahon, F.R.S. 
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7. On lilonml A^uinitertt. 

By Lt.-Col. Allan CrNNiNtni am, R,E.^ and the Rov. .1. Ci^llkn, S,J, 

About tho year 1778 Kuler dit^c^ovt^rtnl tlie existence of a class of positive 
numbers (mn\ such that if an tM nuiuber N 1 h« expressible in only one-way in the 
form (fn. 1 ' + wy*) [witli wi,r prime to wy] or (r* tnny-) [wither prime to 7 ;i»y], 
then N is either a prime or the ^//nare of n prime. Thesis numlMirs he styled numeri 
idonei from their spe('ial fitness ti> aid in the deteefii>n of hijjrh primes. lie gave 
rules for their dis<*overy. and aetiially disco ve re I sixty-live of them, the largest 
being 1848, and stated that tht*re are n«) more > 1,848 hut < 10, ()()(). The joint 
authors have n^ceiitly extend»‘d their seandi up to by a sort of graphic 

piAKVssof solving simultaneous linear eongruenees (inventtsl by the llev. J. Culh»n), 
with the result that no more >u».*h numbers exi>i > 1,848, but < l()l,:;}20. (The 
whole of the work ending in this result has been done itulependently by each of 
the joint authors.) 

As to the forms • -x. m/’ *, ( '* wi;iy*‘ nuTe automorphs of the same form, 
t.e., products of the form by its unit-form t* — mnv' - 1. are not tv Im considered 
as iliMtinet forms. With this proviso it is iVamd that negative idoiieals(~ mn) 
are very numerous, (taii.ss's tables show that, excluding wiuan^s, all but thirtv- 
tive of the nunil>*rs < yield n»‘gativt* idon»*al.s. Also the authors find that all 
the known po.titire idoneals (except d7 ' are also neyntive idoiieals. 

.Sevt?ral new theorems <in <puidratic tbnns whose det<*rminaut is an idoneal 
were announced. 

As an application all tie* <>ld numbt'rvS i»f form(.< ' I848y^», wdierein .< is 

prime to l848y, from HhOfKVXK) to 10,U)0.(HX). have been examined; the 180 
numbers .diown b«4ow were found to be expressible in only one way in that form, 
and (squares having l>‘en excluded) are therefort» all Primes. 

TThis work was done by two computers indrpendently under Colonel Cunning- 
ham^a supervision.] 


10,00 

10,01 

10,0*2 

10,08 

10,01 

10,0.5 

10,06 

10,07 

• 10,08 

10, Oil 

0,878 

0,118 

O.HlT 

0.057 

0,809 

0.019 

0,009 

0.877 

• i,(»3 

0.809 

1,200 

0,401 

2,497 

0,777 

0,8h1 

<».2l7 

0,587 

0,449 

! 1.681 

0,141 

1,101 

l,4r,7 

8.r»49 

1,118 

1.529 

0,709 

0.801 

1,097 

1.801 

0.009 

4,017 

1.901 

8.(»78 

1,288 

1.H17 

l.f41 

1.041 

1,438 

2,718 

1,953 

0,241 

■l.t)97 

8,558 

2,7i»8 

2.821 

l.sol 

1,209 

1.601 

2,857 

2,457 

0,861 

4,181 

4,249 

8,821 

2,998 

2,958 

1,8,53 

1,889 

.8,049 

8,561 

5,r,oi 

4,078 

4.81*8 

8,7 .58 

8,718 

8.289 

1,178 

2.129 

. 8,217 

4,187 

6,417 

4,987 

5,288 

t.lfU 

6,689 

8,481 

1,881 

2.297 

4,869 

4,473 

8.558 

6,<)09 

5,569 

i 4,809 

7.078 

8,649 

2,193 

2.898 

4,5.87 

i 6,4(>‘) 

N,769 

; 6,657 

6.(K17 

: 4,929 

7,r»77 

1 8,918 

2,801 

2,561 

4,561 

6.457 

9,60*t 

6.829 

6,198 

5,169 

8.278 

8.901 

2,889 

2,969 

4,897 

6.649 

9,729 

, 6.521 

0,241 

5,601 

'.*,4 19 

5.829 

1,569 

8.2M1 

5,161 

6,417 

ti.958 

7,081 

7.4 49 

9,598 

5.197 

5,553 

3.149 

5.829 

6,9ti9 


7,529 

7,249 

. 8.887 

9,718 

0,887 

.5,811 

3.737 

. 6,217 

7.4»7 ! 


7.811 

8,041 

8.697 

9,1153 

6.601 

5.889 

4,241 

■ 6,918 

8,169 1 

1 

8,083 
8,297 ' 
8,683 

1 8,969 ; 
9,689 

1 

j 

! 

8,209 

8,881 

: 9.177 
' 9,297 
‘ 9,969 

j 

! 

i 

1 

i 

i 

6.811 
7,5 1 8 = 
7,777 

1 9,198 

j 

i 

j 

j 

6.081 : 
6,681 ; 
6,753 
8,198 
9,537 

4,409 

5,129 

5,297 

5,657 

5.921 

7,433 

7,937 

8,489 

8,613 

8,993 

9.353 

9,833 

' 7,009 
7.177 
8,017 
8,761 
9,073 

8.201 

8,813 

8.483 

9,153 

9,821 

9.681 



8 . DetermintUion of Siur*iH«ive Hujh Priuves, (Second Paper.) 

By Lt.-Col. Allan Cunningham, R.E., and H. J. Woodall, A.K.C.Sc. 

A general metliod woe previoinly explainer! of defermining, In a compendious 
manner, the %ohoh f)f the ])rime8 within a given range. Tables have now been 
prepared showing the lowft^t factors ( >5) of alt the numbers between (2- * t 1020), 
t.e.f beUg^een 2 and *!3,505,4o2, thus bringing them n// within the power 

of the existing large factor- tables. Hereby are detected the vhfAf of the High 
IMmes (128 in AiimlK?r) within that range, and aUo the irhtAt‘ of the Secondary 
High Primes (46 in number) contained as factors of the numbr^rs within that 
range. [The v'hoU of the work requirc*d has b<ien done by eacli of the joint 
authors independently.] 

Tht^re is a long wqiienco of 73 ccmipo.site numbers between 33,564,303 and 
33,664,407, ami one of 61 composites between 1 1,184,880 and 11,184,041. 

Lii^t uf 128 Uiyh Primva hvtirf rn (2- ‘ T 1020). 
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511 

051 

771 

000 

201 

383 

5m 

830 

010 

107 

287 

421 

— 

517 i 

057 

7«7 

Oil 

221 

303 

030 

840 

037 

i:a 

2S9 

430 

— 

610 i 

001 

700 

(»21 

230 

107 

Oil 

807 

001 

100 

203 

440 

— 

637 

070 

837 

051 

240 

173 

003 

801 

07.3 

200 

317 

— 

.... 

647 

00.3 

870 

077 

207 

.601 

000 

003 

077 . 
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9. 77or Equation of S^cidar In*'quaUtir.'9, 

By T. J. I’A. Buomwich, St. John's Cotleyfy Canihridye. 

The theory of the mean motion of the perihelion and node of a planet s orbit 
^as proved by Laplace to depend on a certain determinantnl equation of degree 
equal to the numlK'r of planets considered. A paper ha*» recently been published 
^ Charlier (‘ Ofver.sigt af kongl. Vet.-Aknd. Fiirhaiidlingar/ Stockholm, 
idOO, p. 1083) ill w'hich he considers the question of etpuil roots in this equation ; 
, pf equal roots was regarded by Laplace as unstable. Charlier remarks 
\V 1 ? . ®^**1*^®®* proved (* Berliner Monatsbericlite,* 1858, p. 207, or ‘Ges. 
Werke, Jld. i, p. 233) that the CMpiatioii (of the same form) which appeara in the 
neorv of small oscillations about a position of eouilibrium doe.<» ?wt lead to 
instability if equal roots are pn^sent ; but apparently he regards Weierstrass s 
piJ as not autUcient to apply in the niori* general problem of astronomy, 
eoifai ^ considers the astronomical case, in Weierstrass’s way, supposing that 
oqnai roots do appear in J.aplacos equation; but the astronomical case may be 



considered as covered by Koiith s ‘ and Weierstrnss’s'^ investigations as to tho 
stability of a state of stejidy motion. 

Amongst other result.^, Charlii'r Hiids a method for reducing the disturbing 
function to a canonical form. Aa i have recently indicated ‘ a process for tho 
reduction in the more general ease of any steady motion, it may bo worth while to 
show how ray method is simplified in (imrliors case, t'sing the notation of ray 
<^wn paper, Charlier’s disturbing function is given by writing - 
sn that 

II. Ai'r/, . r, .r, h AL Y, f (r, s - 1 , 1?, . . w) 

where 


and the equations of motion are 

th. Ml. rll, 
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where -f ,r/ . -i- . . . r so that It follows by a 

tiieorera due to br<»))eniii> ’ that ti e \alues of g’ are equal to those (»f "A*, where 
A is a root of the equation 

^/,,---A, f/,., . . -0 

".o • • •» 

Ou ,, rr . .. - A 

15y anothrr theorem due to Frobenins, the invariant far.ioi'H of the equation 
in fi are litaurj as a coii.sequence of the linearity of those of tho ec^iiation in A 
That tin- latter are linear was proved by Weierstrass (/.r.) (‘ Jlerliuer Monats- 
berichte,’ p. lMO; p. d;i6). Jt follows that if A un 

the (real) root.s of the equation in A ; then /x +fap i i;f«» are the 

roots of the equation in /x (of which any numlxT may be equal); and so the 
method of § ‘1 of my paper already quot«jd" can be applied to bring to the form 

the canonical equations of motion being unaltered. In this form tho reality of 

' Adams Prize lusay, 1877, Stahilitij nf Motion ; rf, Thomson and Tail, Aatiffnl 
Philosophy, art .'M.'t w. 

Brdinrr MonatsherivhtCy 1870, p. 1I»0. 

’ Pro(\ Lond. Math, iSr;c., vol. xxxii, 1000, j». 197 (see also p. 1125). ^ 

‘ Crelle’s Journal /. d. Math., i3d. Ixxxiv. 1878, p. 1 (sec p. 11, iii. and p* 
Satz V.) 
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th«' r«*8iilt« is not easily soen, and so wo may use the equivalent form (jrivcn on 
j). i3lt» of iHV papor) 

f',0 

wliii^h is Cljnrlior’s form. It is porbaps worth wliiJo to roinark that Jordan's 
im*tho«^‘ can lx; a}»j)rud in this case, and without tin; iiwi of iiua^dnary quan* 
tities. 

• 

10. 7Vi(i (iiui Thjxinfionsi.'^ 

JUf 11. W. If. T. UlTD.SoN, y/.d, Ftitttnr (ij St. (JnllpifP^ CcVulhr'idifP. 

'Dio l»a|« r coiiciTrn’d with tin* approximate >ulution f>l* «)rJinary dlflTereiitial 
equations in fin* neie-hlHmrhond of simjultn' point and commences with a brief 
description of the nietho<l of iisiiie' a diaijram of unit points fsqijar».*d paper) 
similar to that, introduced hv Ihiiseiix for the case of alff«.‘hraic functions. This 
luethoil, whicli was first applied to diflerential equations hv Briot and Botiquct, 
and extended by rine, is shown to be cajtuble of supplying information as to the 
existence <»f iiitiiiit iide>; of noil-regular integrals which are usually obtained by 
pure], analytical proco.^ses. The es>ential thing to notice is that a first approxi- 
mation to a .'•olution may be obtaim‘(l, not only from a sif/r of the * polygon,’ hut also 
from a <'onirt\ pro\ ided that the C“rner arise as a marked point from two or more 
terms ill the differential e(|uation. and twr) inequalitio be satisfied, expr**ssing a cer- 
tain geometrical condition. Tlie c:im» of a ditfe rent ial equation of the first order 
and a ]»oiut on the rliscrimiiiant locus at which the int«*gral curves have twt a cusp 
i> u good «*.\ample, and .shoW" the existence of a /c/ W may ho predicted from an 
inspection td’ the diagram. The ea>e of >olutij>ns in series which at somi' stage 
introduce logarithms is shown al.'x* to d<*peiid on corner points ari.sing from more 
Ilian one term. 


11 . Thr Fourier Fmid* m nf th*' Sfpivhj I'tnnpf vuiurets in a thin Rod. 
11 p Jamk.s W. Pkck. 


The solution r = A’ «*x]> ^ — .r ^ coirsidered from the point of view of the 

i.'^othermals and tubes of tlow. T'he result so got appears to contradict the initial 
hypothesis of lateral radiation ; and it is pointed out that the difficulty cannot be 
evaded by considering the radiation negligible, for this nullities the initially chos».*n 
• quation of heat-flow. Explanation is found in the approximate nature of the 
>elution, and two necessary conditions of the appn>ximatiou are worked out a.s 
I'ollows : iletiiiiiig- die ratio c : J: as tlie thermal lengtii modulus (D— also 
Npecifieil ])hysically and taking a as the radius and / the length of the rod, wc 

uiuat have (i.) the ratio ; L small ; (ii.) the ratio ' i small. For experi* 

niental purposes the first ratio should not exceed but the second need only 
he. .sinaller than about 1. Illustrations of the neglect of the.s»* conditions are 
drawn from the experiments of Despretz and of Wiedemann and Franz. Nnniericnl 
values of L are given for a range of .substances, and tlu‘ limits between whicli the 
I’onrier result is applicnblo an? pointed out. .V solution having a higher degree 
'»r approximation than the Fourier result is then derived from the liessel function 
•solution, viz. 


-V 


iS 


[ 


X,-’f 




, ' ,!,• .H.ilh. (‘J1. l. xix. IS74, \>. :V> .’> S'). Heferunccs 

•iiv ^*V**^*^^' ^ methods of reduction and lo oihev mciboils will bo found in my paper 
‘^heady (pioted. 

voi’ publUhcd in the Proceedings of the London Mathematical Sonety, 



niul it i« nhown that tli<» iiiav in nniiin t • vi br tiKen .w the 

axinl paralh'IouN *‘f r» v.*lii!ivMi 

I" i V ^ 

aiul the lino.'* i»f i!«»nv ji> llw loirarilbinu* i*ar\* ■* • 

y j .\f ' ■ ■ ' 

PrawiniTS of tho v\\rM» and numorioa! f\ain[»b's aro;;i\.:i in illnslratl*.n ..f 


1:2. iVo/o on th*' i'otentlnf i\j n Snr/itrt^ DistrUottum. 

Ihj T. J. I’A. St. Jnhn^ CoUt'tf^^ Cambriihjt\ 

Tbo problom is tho ilotoniiination of tho discontiniiitios (at tbo aurface) of the 
second ditforentinl cot^Hioiont.s of tho potontial : tho results am* familiar, but tbo 
method eeem.a oasior than any other I am ao<)iiainto<l with. The same method 
has Ijeo't useti by Wein*rHrton <* Acta Mathonmlica/ Ihl. x. 1 js>* 7. p. * Archiv 
d. Math. u. Phys.’ (.‘t), Hd. i, llttH. p 1*7) to find tho di^ccintinuitios in the second 
diffori'ntial twffioionts of tho ]v>tontial of an attractinir luav* at tho boundary of 
tho spaot» which ito<'oupioM; ulso for r^uno kinomatioal coiudiisions in connection 
with vortox motion. 

Take the orijjin i ii tho >nrfaco at an onlinarv jwdnf of tlio snrf)U‘e and l“t the 
axis of normal to tin* surface. If tin- •‘Urfaoo i-* oIo^^imI tho |K>f»itivo direction 

of r will bt? from tho inside lowanU th*« «*utsido nf tho surface; if tin* surface is 
not do.*****! tho diri-oti-'i: of r can !>♦ taken .irhilmrily. Tho side for which r is 
positive will U* dfiiotfil by tie* '.utlix <». tie* other •'irb* by the siiftix I. The 
equation to tie- surface tb' ti tnktH the form {n*ar the oriudnr 

; y it t ■ • iV/T v -f htf I ... 

looter U* the surface d«i*sity at <>. y, support «1 to Ijc tinito, continuous, and 
ditferentiablo, and let « Is* th** value of #r at the (viirin, s., /t beiiijf the tirst 
ditforential coellioieiits fli*T»-. TIo ii w’o may writ** 


where 


fT = y*., C.V If/' 

> ' - y +x '^ 


and # Djny lx? made a> .^mall a** we plcast? by siitliciontly diiiiinishin^ 

The potentials on the two .sides of tin* .**nrfm*o ere dtuiutod by \’,,, V'l, and w'tf 
write 





rV., 
r> i ’ 





r'V, _ /'■Vo 
ricy (Mru/ 


&.c» 


where llie values of the dilVorentml coellicients nr© to ho taken at tho orijrin. 
Thus 


f»V,_cfVo 

r r 

(>J' c.r 


• o + -n * cy, »Vc. 


where the quantities e' may he iiiinle aa small us wu plea.so by sitflicieutly dim*- 
nishin^ /*. 

Jiubat p^ntits on tho given surface 

5 *. Uff.ir f 'Ih.nj + by') + . , . 


and BO wc may write 

<r * s- xn^ + + f"/', 


r/V,_,o*Vo 

f;.c 7)x 




+ yWry + 





S'ow, l)V till*, tlmoi v of tht‘ potential of ii Hurface density, as g^vr-ii in the ordinary 

JOdlvS Oil pot f/ll illl , 


rx 


r\, 

ff.r 


‘iiT(r/f 


nV, 


rVo 

h/ 


infTVif 


rV, 

f'Z 




Irrcr//, 


wlu*r«i /p:':, ;/ iiri? :lio (lireotir)!! cosirn's »f the normal to the surface (drawn from 
the side s<0 towards the sidt? =>0). 

Here w’e may write 

/*- («.r + A^) -1 f,r, m - (Ax * A//) + ?i ~ ^ f /*, 


and so we have 

Us + xUss + yUry + f'^'r ^ 4rr(« + xm^ + lyx.^ + |"/- f - (ax + ////) + f^r] 
Uy + xusy t/Uyy + fJJV ^ 4Tr(^ + xSs + //>».; 4 <"'*)[ - (Ax + At/) + €,jr] 
U‘ + X/frs + J/Uyj: + t"r ~ 4ir(« -f .Mr 4 Iffy + 


As these hold for nil values of .r, y, for which r is less than some assignable 
quantity, we have the results 

u,r “ - 47rflrx , //^ ~ AnUx 

Uy.j »* - inh.< , Uy. - 47r/*y 

4 4 //)X , Mts 

where the value of // . is determined by the fact that 

Wr, 4 4 If ( V*^ I — V ■ V ) at the origin 

0 

Since ft \ b ^ 4 ^ 

Ml P: 

where p,, p. are the principal radii <»f curvature of the surface, it follow’s that 

u - ^ ^ ^ 

VMi Pi ) 

is independent of the directions of the a.\es of y, as might be expected. A 
special case of this, when the surface is an eouipotential, was given iirst by Green, 
(‘ lissay,’ § 8). These reMilts agree with those given by Korn (* Lehrbuch der 
Potentialtheorie,* Lld.i. p. bObnnd Poincare (‘Potentiel New ionien,’ p. ^ol), when 
allowance is made for the simplificalion introduced by using the axes selected 
above. 


13. The ApplkatioHs nj Fmtrirrs Series tn Afathematieal P/ii/sics, 
Jfy II. »S. Carslaw, D,Sr. 

, In the problem of conduction of heat when the solution is given by the 
inhnite scries 

V - 2f/„ sin ?ixc 

where 



’ 01 lue senes wnen 


f he presence of the factor ^ preserves the convergenev 
diflerentiaUMl term by term. 
giveiTby^^ P>*oWeni8 of transverse vibrations of strings w’here the solution is 


V .= sin wo: cos naf 
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this conver^^ncy factor is not present. The paper called attention to two matters 
connected with this solution : — 

(1) The scries which are used — when the string starts from a position of rest 
with sharp corners — is not capable of diirerentiation twice with regard to x and (. 


(:?) The equation 


d\i, 




. being obtained on the assumption that the 
dt- dj- ^ 

string forms a curro without sliarp corners, cannot without discussion ne applied 
to these cases. ' 


Dki'autmkxt If. — P hysics. 

’Flu* follt>wlng lh*|»orts aiul Papers \v«*re read: — 

1. Kvpoi't on Uiidf'nj round 7\nnprrntnrc. — Sec Ilo})orts, p. 

'1. lirpurt on Srlsino^i^f/it'ol Invt alifjafion , — Hco llcports, p. 
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0)! the Srosonnf Varintnnt of the Atmonpherir 7\inperatnre of (hr 
flrdish Istrs ami its Jlrlafion to Wind dirretion, Ittf W, N. StlAW, 
and R. Wai.ky Cohkx, li.AA 

If the twenty-five-year means of temperaluve for each day of the year at the 
four principal stations of the Rrilish Meteorological Ollice be plotted the curves 
do nni exhibit a smooth run, but show a number of irregularities — often of con- 
siderable magnitude. It is tliu.s difHcult to assign any specific number as the 
normal mean temperature I'or a particular day, atul the immediate object of the 
work described below was to obtain a smootli curve to which the octu^ observed 
temperature of any day might be referrcfl ainl to .study its cbaractoristics. Thr 
curves of actual daily means wen? first compared *^vi^h simple harmonic curves 
having an annual |>eriod, a maximum al^oiit July 21, and the same area as the 
im?guiar curve.s. The comparison at once diseloe^ a lag of spring and an 
acceleration of aiitumn, and a corresponding exaggeration of the summer 
maximiini and moderation of the winter minimum. These features^ being 
ess«?ntially characteristic of the combination of a first and second order sine 
curve with a tuaxinium at the same epoch, suggested the i<lea of combining 
twe) such curves to obtain a n<irraal curv»* of refermire. These combme^l curves 
give very sati.'<rn(rtory smoot hed ciirvew for the whole year for each station, and 
show that the periodic? variations of atmosphtu'ic temperature at Kew may be 
very approximately representt-d by llie summation of two effects, one of which 
corresponds to a sine curve witli an annual period and an amplitude of 12®*04 F. 
and the other to a sine curve with a semi-annual p«^riod and an amplitude of 
1®’4 F. Similar statements with similar numerical iiiagnitudea are true of the 
other stations. This result has ls*eii confirmed analyticnlly. 

The curves of daily mean atmospheric temperature nave been harmonically 
analysed for each of the stations, and the values of the harmonic coefficients 
have been determined in the? Meteorological Office by means of Sir tt, Stracheys 
formula.* In each case there is a second order curve wdiose amplitude is about 
one-eighth of that of the first order, and the amplitudes c>f the curves of highc*^ 
order are so .small os to be negligible. The first order curve has a maximum at a 
date which varies at the four stations from J uly 2(1 to August I , and the 
ord6r ctirve has maxima which vary from January 28 to February 3, and July o* 


' 8ce />•«<?. lloijal $StH:. 

* Proc, Uoyal Soc.^ vol. xlii. pp. 61-70. 
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to Au^u8t 6 respectively, and minima about the end of April and October 
respectively. 

Assuming the first order curve to represent the primary solar effect, the 
purpose of this investigation has been to ascertain the nature and cause of the 
second order effect. 

Analysis of the temperature at Vienna shows that it does not exist there either 
to the SRlIiu extent or at tlie same epocli. At A^ra there is a second order eflect 
of considerable qgagnitade, but at an entirely different epoch, and hence in no way 
analogous to the effect in the British Isles. The effect is thus shown to he 
motc^orological and not planetar3'. 

The eirect was first studied for Kew. Its cause was sought in the effects and 
relativts frequency of occurrence of C3''elonic and untic3xlonic weather. For this 
purpose the mean temperatures of cyclonic days for each month throughout the 
year during the five years 187G 1880, and of anticyclonic days during the same 
])criod, were separately calculated, and curves were plotted whose ordinates are 
proj^rtional to the difference betwiHjn these values and the mean of the ordinates 
of the first order curve for each month. Both these curves show the main 
characteristics of the second order curve, and the curve of difference of tempera- 
tiiro between cyclonic and anticyclonic weather shows no sign of it. Moreover, 
b}^ muUipl3'ing the percentage of difference of frequency of cyclonic and 
anticyclonic weather for each month by the difference in temperature, the total 
elfect of type of W€*ather on temperature is obtained, and its curve shows that it 
floes not in anv respect resemble the second Girder efft*ct. It is concluded that 
although the second order effect has a iiietcondogical origin the type of the weather 
plays no part in causing it. 

The effect of wind direction was next examined for the nine-year period 
1876-1884. The mean temperatures of the air during the prevalence of barometric 
gradients towards each of eight points of the compass in each month were 
separately calculated, and curves of divergence from the first harmonic component 
were drawn for each wind ^taken as being at right angles to the gradient) m the 
same way as for the cyclonic and anticyclonic curves. l*3ach of these curves shows 
at least some characteristic of the second order curve ; but on summing them all 
together u curve is obtained which ditiers somewhat from the total curve of 
divergence from first order curve values. 


The effect is largeK* accounted for as the combined effect of the seasonal 
variations iu temperature of the several winds, and when this part is eliminated 
the remainder must be attributiKl to the relative frequency of winds of different 
temperature. To show this moro clearl3’^ the winds were grouped together. The 
mean temperature divergence of east winds is —3®*! F. ; of north-east winds 
'-4®*0F, j aud of north winds — F. These winds were grouped as ‘cold’ 
winds. Similarly the north-west and south-east winds, whose mean diver- 
gences are only F. and - 0®*7 F. respectively, were grouped as * temperate ’ 

winds, and the west, south-west, and south winds, whose mean divergences are 
+ l®*7 F., +2®'2 F., and -f F. respectively, were grouped as * warm ' winds, 
lemperature curves were drawn for each of these grou^xs analogous to the curves 
for the separate winds. Kach curve again show's a general resemblance to the 
J^ond order curve, but it is noticeable that the October-XovembtT minimum is 
especially prominent in the curve for the temperate vvinds. The mean fn»qiiencies 
of occurrence of these groups in each month during the nine years were also 
calculated and expressed as a percent4ige of the total number of days ; the results 
Were plotted on curves whose ordinates are proportional to these percentage 
ireqmencies. 

The frequency curve for *cgld’ winds show's a very remarkable maximum 
nsqmeucy in May and a small maximum in November. 

Ihe m?quency curve for w'arm winds show's minima at these times and 
August, and the frequency curve for temperate wiiids, 
at tf distinctly colder in October-November, show's a very high maximum 

no end of October. At that time the temperature of these winas is much below 
® average relative value, and thus the small maximum of the curve of the cold 
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winds at that time is reinforced by the seasonal coldness of the more prevalent 
winds. 

As an example of the results derived from the inquiry it may be mentioned 
that the minimum of the second order eifect at the end of Anril may be attributed 
to the relative frequency of ‘cold * winds and the relative coldness of all winds at 
that period, while the corresponding miniiiuim at the end of October must be 
assigned to the relative frequency of ‘ temperate * winds and the coni(.arative 
coldness of those winds at that tinie of the year. 

The second order effect is apparent in a single year's observations, and bas, with 
few exceptions, a larger iimphtiule in the analysis of the temperature curve of a 
single year than in that of a mean curve of a number of years. The amplitude for 
a single year may be as much as or a quarter of the amplitude of the whole 
annual vaViation. « 

A similar effect is found in the variation of magnitude of the barometric 
gradient between London and \'alencia, and I^iidon and Aberdeen. It is 
probable that this periotiic variation in pressure plays some part in causing the 
similar variation in temperature. 

A similar eifect is also found in the temperature variation of the sea water at 
stations surrounding tht^se islands, and the atmospheric effect is probably con- 
nected with this. 


4. On the Effect of Sea l^emptn^atH re. upon the Sea^oyial Variation of Ait 
Temperature of the British I ales. B\j W. N. SiiAW, 

The paper desoril>es an attempt to utilise the mode of geometrical composition 
and resolution of sine curves of the same period to resolve the principal seasonal 
variatioms of temperature at a .station into constituents, which may be called the 
primary solar constituent, and the con.nituent due to the surroundings of land 
and sea respectively. 

The analysis of atmospheric temiK'rature shows that there is a considerable 
lag In the occurrence of the seasonal variations of temperature at coast stations as 
compared with inland station.^, and a still greater lag in the variations of 
temperature in the sea it.self. 

The variation in .sea temperature is regarded ad a periodic cause of varwtion 
of atmospheric temperature at coast stations, the eifect of which is periodic in the 
same period, and may be compounded with the primary solar effect to give the 
resultant seasonal variation. 

The efiects of these curves of equal period may be represented in magnitude by 
the numerical value of the amplitudes of the first order curves of the respective 
temperature variations, and they may be compounded geometrically by means of a 
triangle whose sides are proportional to these amplitudes, and are inclined at angles 
corresponding to the relative epochs of the curves. In such a triangle the following 
elements are known : — 

1. A side proportional to the observed amplitude at the station. 

2. The difference in epoch between the primary solar cause and the resultant, 
t.e., the angle between the sides proportional to the amplitudes of the primary 
solar and of the resultant effects. 

3. The angle between the sides proportional to the marine and ^he primary 
solar effect. 

By assuming the primary solar effect to be the same for places in the same 
latitude it would thus be possible to analyse seasonal variation of temperature 
at any place into its elements, and an example is given of this analysis in the case 
of Kew, A point of some interest arising out of this is the lag in the seasons at 
aeorcoast stations, showing that not only the autumn and winter are late at tne 
sea-coast, but also the spring, so that an early spring is to be sought inlano* 


* Sec Proe, Royal Soe, 



TRANSACTIONS OF SECTION A. 


561 


Another point of interest is the effect of the sea, which is not, as is generally 
supposed, actually to decrease the amplitude of annual temperature oscillation, 
but to increase it, although to a less extent than a corresponding surrounding area 
of land], Thus at Nortchinski-Zavod, in Siberia, the effect (calculated as above) of 
the secondary cause, t.c., the surrounding land, on annual temperature variation 
has an amplitudes of 65® F. ; whilst at Kew, in the same latitude, the effect of the 
surrounding land and sea has only an iimplitude of F. The figures for sea 
temperature are inadequate for effective numerical analysis, but they suggest a 
possiUlity of arriving on these lines at a definite comparison of inland and marine 
climates. 


6. A Nett) Point of View aifjout Gramtatlon^ and a proposed ExperimenL 

By Dr. V. Cr^mieu. 

We know perfbctly well the quantitative law of gravitation, but we fiave no 
idea of the mechanism of the attraction. 

Several attempts have been made to explain gravitation by the presence of a 
medium, but, I nelieve, all without success. Some learned men, too, had the 
idea of finding by experiment whether the propagation of attraction was in* 
stantaneous or not ; but, as far as 1 know, no pliysical t^xperiment vras ever tried. 

Whenever a system is in equilibrium every attempt to disturb that equi- 
librium will introduce new forces into the system, which will act against this 
disturbance of equilibrium. 

There are many examples: heating of gases by compression, increase of 
resistance of metals with temperature, and consequently, when they are sub- 
mitted to an electromotive force ; and, moreover, the law of I^nz in induction. 

I thought that gravitation must very likely follow that universal law. 

If, for instance, we consider the two bodies A and B in equilibrium, we can 
imagine that theni is a * flux of attraction * between them, l^et us move A very 
qui^ly : this motion will produce a sudden variation in that flux, and a reaction 
will take place in the system at that moment which will work against the motion 
communicated to A. 

A few months ago 1 described in the * Comptes Kendus * a new very sensitive 
kind of balance which gives us an eas^ aud direct way of verifying that idea. 

This balance is made in the following manner : a very light tube of aluminium 
is horizontally suspended by a silk thread, the two bent parts of which form an 
angle of about 120®. 

At one end of this tube is fixed a small sphere of platinum weighing about 
three grammes. At the other end is a permanent magnet suspended by a silk 
thread ; the weight of this magnet is three or four milligrammes lighter than that 
of the sphere. 

A coil is fixed on the support of the apparatus, and the silk thread hearing 
thejMrmanent magnet coincides with the axis of that coil. 

On sending a current through it in the proper direction a repulsion between 
the fixed coil and the permanent magnet will oe established. That is the n^pulsion 
which will be used instead of weights. 

1 have constructed several of these balances for use as galvanometers or 
electrometers. The measured accuracy of one was as follows : 

It gives, at a distance of two metres, a deviation of 12 millimetres for a 
current of lO*"* amperes, which corresponds on the movable magnet to a force 
^ dynes. This is the maximum obtained as yet. But I cab easily 

obtain ^e 10*“^ of a dyne ; and I hope, with the long arm constructed for 

^^itation experiment, to each about the 10 of a dyne. • 

Wow, with a convenient current, let us produce equilibrium between the 
sphere. We will record it by the position of a spot of light 
renected by a mirror. If, then, we bring near to the sphere a heavy sphere 
5nn!! ^ ^ attraction between them ; we can equilibrate it by 

increasing conveniently the current in the toil. 
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If now we drop the heavy sphere of lead we shall have the sudden variation 
required for the experiment. 

If my idea is ri^ht we shall observe at that same moment an impulsion of the 
snot of light oil the scale in the direction of the motion — that is to say, in a direc- 
tmu coiitrar}' to that which would be observed if the assumed elfect does nod exist. 

The apparatus for making the experiment is now ready, and 1 hope to obtain 
results before long. 

1 will point out that astronomical observations cannot answer this ques- 
tion because in the motions of the planets there are only very small changes 
of the * flux of gravitation ’ ; and, I'esides, the distances are enormous. Moreover, 
as these changes would he always reversi^d in the course of a complete 
revolution, their very small etlects would neutralise one another. 


6. lIis€us.^io7i on the proposed New Unit of Presmre^ opened by a Paper 
by Dr. C. E. Gu ill ait me. — For Dr. Guillaume's Paper see Reports, 
p. 71. 


7. ^nehehon^^forfey EjfWt. By \V. M. Hicks, F.n,S\ 

In the theory of this experimi^nt, as usually prt‘st*nted, no account is taken of 
the alteration in wave length produced by retlection from a moving surface, nor 
of the alteration in the directirtn of incidiWe as the drift alters, when the source 
of light is fixed to the apimratus. AVhen this is done it follows that the pheno- 
mena to be expected are not precisely the same as those usually supposed, and in 
certain cases the displacement of the fringes is subject to a quite different law. 
The two sets of interfering waves, when thei'e is drift, have not the same wave 
length in space, although their apparent freqiioncies at any point moving with the 
apparatus are equal. Consequently Liitt»rference fringes are produced on a screen 
which is fixed to the apparatus, and these fringes are displaced a certain number of 
bands when the apparatus drifts. Usually, however, the fringe is observed by an 
optical apparatus which produces nn image on the retina. Rut the two inter- 
fering pencils from any point of the actual fringe, when they arrive at the retina, 
have a different phaMT-difierence from that at the original point (consequently 
the image of the central bright line will not itsidf a bright line. The central bright 
band on the retina will be the optical image of another point on the original, and 
the fringt'-image shows the original one displaced by a certain amount which 
alters with the drift. The observed displacement is therefore the resultant of 
two others, one of which may in certain circumstances ^uLte mask the other. 
Supposing the drift of the apparatus to be comparable with that of the earth’s 
orbital motion — say 10~* times that of light — it was shown to be possible that 
in Michelsoa’s actual experiment the arrangements were such that the effect he 
expected was quite marked by tlie other. 


8. The Law of Radiniioa, By Dr, .1. Laumok, FJR.S. 


f). Radiation of Ueat and Light from a Ilealexl Solid Body* 

By Dr. .1. T, F>ottomlky, F,R*S. 

In this |>Rper an account is given of recent experiments on radiation of 
heat and light from a hf!ated solid body commencing with tho very lowest 
temperature at which a heated body becomes visible and proceeding to ^ tern* 
peratures approaching white heat. The experiments were made on pairs ol 
platinum stnps specially prepared for the author by Messrs. Johnson & Matthey* 
The strips were mm. broad, and extremely thin. One of each pair was 
highly polished, and the other was coated with lampblack. The pairs of strips 
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were contained in iimilar glass tulkis, which were connected together by end 
tubes one of which was connected to a Sprengel pump, and by means of the 
Sprengel pump a very high vacuum was obtained, so that the energy lost was 
entirely due to radiation; the amount of heat lost by convection being negligible. 
The lovijgst temperature at which the strip becomes visilile in a darkened chamber 
to an observer who has remained in the dark for some time in order that his eyes 
may attain perfect sensitiveness is about 400"^ C. At this temperature tlie 
blackened strip loses nearly seven times as much energy as the polished strip. 
As the temperature rises the ratio seems to fall, while the light given oil 
passes to dull red, then to cherry red, and finally to bright red approaching white 
heat* 

Experiments are also referred to, of an older date, in whicli pairs of wires, 
one polished and the other swioted, were compartHl at the same temperature 
(inferred from the resistance of the wires). 

It is concluded from all these experiments tliat the production of light is 
vastly more economical when the surface of the light-giving body is bright and 
highly policed than v ben it is dull or coated with lampblack. 


TUESDAY, SEPTEMBER 17. 

The Section was divided into two Departments. 


Dkpartmext I. — Pnvsics. 

The following Paper.** were read : — 

1 . On thfi Cln^iteTinf/ of iiravitntional Mnttn* in ant/ part of the Universe. 
Jh/ljord Kklvin, O.C.V.O., F.B.S. 

Gravitational matter, according to our ideas of universal gravitation, would be 
all matter. Now, is there any matter whicli is not subject ti» the law of gravita- 
tion? I think I may say witli absolute decision that thiTt* i.s. We are all 
convinced, with our President, that ether is matter, but we are forced to say that 
the properties of molar matter art» not to be looked for in ether as generally 
known to us by action resulting from force Ix^tween atoms and matter, ether anil 
ether, and atoms of matter and etli<*r. Here 1 am illogical when I say between 
matter and ether, us if ether were not inutttT. It is to avoid an illogical pliraseo- 
logy that I use the title < gravitational matter.’ Many years ago I ga^e strong 
reason to fi^el certain that ether was outside the law of gravitatioji. We need 
not absolutely exclude, os nii idea, the possibility of there being a portion of space 
occupied by ether beyond wliich thert‘ is absolute vacuum — no ether and no 
matter. AVe admit that that is something that one could tliink of; hut I do 
not believe any living scientific man considers it in the slightest dt'gree probable 
that there is a bouiidorv' arouml our universe beyond which tliere is no ether 
and no matter. Well," if ether extends through all space, tlnui it is certain 
tliat ether cannot be subjiKst to the law of mutual gravitation betwt'eii its 
parts, because if it were subject to imit mil attraction between its parts its eqni- 
hbrium would be unstable, unless it Avert* infinitely incomprt'ssibh*. But here, 
again, I am reminded of the critical character of the ground on which we stand hi 
waking of properties of matter beyond what wt* see or fet*l by experiment. 
1 am afraid I must here expre.s8 a view' differeut from that which lhx)fes|»or 
Atucker announced in his Addn^ss, when he said tJuit continuity of matter implied 
absolute resistance to condensation. Wo have no right to bar condensation ns 
a property of ether. While admitting ether not to have any atomic struc- 
v'* P^^^'tlated as a material w'hich perfonns functions of which we know' 
•^omething, and which may have properties alloAving it to perform other functions 
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of which wc arc not yet cognisant. If we consider ether to be matter, ^we 
postulate that it has rigidity enoiigli for tlie vibrations of light, but we have no 
right to say that it is absolutely incompressible. \\\i must admit that sufficiently 
great pressure all round could eondenso the etlmr in a given space, allowing the 
ether 111 surrounding s|mce to eome in towards tlie ideal shrinking 8urface«<i nheii 
I say that ether must be outside the law of gravitation, I assume that it is not 
infinitely incompn\ssible. 1 admit that, if it were infiniudy incompressible 
it might he subj^M^t to the law of mutual gravitation lietweeii its parts; but to 
my mind it seems infinittdy improbable that ether is infinitely inoompn^ssible, 
and it appears more consistent with the anaiogie.s of the known properties of molar 
matter, which should be our guides, to suppose tliat ether has not the quality 
of exerting an iiifiiiitely gn^t force agaiiint compressing action of gravitation. 
Hence, if we assume that it extends through all spaiM^, ether must be outside 
the Iqw of gravitation — that is to say, truly impondi^rable. 1 remember the 
s^df-oomplacent coiufiassion with which sixty years ago — I myself, I am afraid- - 
and most of the teachers of that time looked upon the ideas of the elderlv 
people who went ladbre us, who s]>oke of ‘the imponderables.* 1 fear that in 
this, as ill a great many other things in scMcnee, we have to hark back to the 
dark ages of fifty, sixty, or a hundred years ago, and that we must admit there 
is something which we cannot refuse to call matter, but which is not subject 
to the Newtonian law of gravitation. That the sun, stars, planets, and meteoric 
stones are all of them ponderable matter is true, but the title of my paper implies 
that there is something else. Ether is not any part of the sub]ect of tJiis p^r ; 
what we are concerned with is gravitationai matter, ponderable matter. EUier 
we relegate, not to a limbo of imponderables, but to distinct species of matter 
which have inertia, rigidity, elasticity, compressibility, but not heaviness. In a 
paper I have already published 1 gave strong reasons for limiting to a definite 
amount the quantity of matter in space known to astronomers. 1 can scan^ly avoid 
using the word ‘ universe,’ but 1 mean our universe, which mny lx» a very small 
affair after all, occupying a very small portion of all the space in which there is 
ponderable matter. 

Siippomng a sphere of radius ,*1*00.10'*' kilometres (Indiig the distance at which 
a star must he to have parallax O'^'OOl ) to have within it, uniformly distributed 
through it, a quantity of mutter equal to one thousand million times the sun’s 
mass, the velocity acquired by a ckkIv placed originally at rest at the surface 
would, in five million years, Ije aliout ^ Kilometres ))er second, and in twenty-five 
million years would lie H)8 kilometres per second (if the acceleration remained 
sensibly constant for so long a time). Ileticq, if the thousand million suns had 
been given at rest twenty-five million years ago, unifonnly distributed throughout 
the supposed sphere, mnny of them would now have velfx;itie8 of 20 or 60 kilo- 
metres per second, while some would liave less and some probably greater velo- 
cities than 108 kilometres per second ; or, if they had bi*en given thousands of 
million years ago at re.Ht fwi distributed that now thev lyere equally spaced 
throughout the suppo^^d sphere, their mean velocity would now be about 60 kilo- 
metres per second.' This is not unlike the measured velocities of stars, and hence 
It seems probable that there might be as much matter as one thousand million 
SUDS wiehin the distance 3*00.10'^ kilometres. The same reasoning shows thaf^ ten 
thousand million suns in the same sphere would produce velocities far greater than 
the known star velocities, and hence there is probably much less than ten thousand 
million times the sun s mass in the sphere consider^. A general theorem dis- 
covered by Green seventy-three years ago regarding force at a surface of any 
shape, due* to matter (gravitational, or ideal electric, or ideal magnetic) acting 
according to the Newtonian law of the inverse square of the distance, show? that 
a fion-uniform distribution of the same total quantity^ of matter would give 
greater velocities than would the uniform distribution. Hence we cannot, ^ 
non-uniform distribution of matter within the supposed sphere of 3*00.10 
metres radius, escape from the conclusion limiting the total amount of the ibatter 
within it to something like one thousand million times the sun’s^mass. 

' Phil. Ufag.^ August 1901, pp. 169, 170. 
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If wo compaxe the Munlight with the from the thousand million 

8tarS| each being supposed to be of the same size and brightness, as our sui^ wo 
iind that the ratio of the ap^rent brightness of the star- lit sky to the bright- 
ness of our siiVs disc woiud bo 3*87.10- This ratio' varies directly with 
the radius of the containing sphere, the number of t^qual globes per equal volume 
boinj^l^upposed constant ; and lieiUM.* to make the sum of tbe apparent area of discs 
3*87 per cent, of the whole sky, tin* radius must be 3*09.10'^^ kilometres. With 
this radius light would take 3:i.l0'‘' years to travel from the outlying stars to 
the centre. Irrefragable dynamics pro^'es that the life of our sun as a luminary 
is probably between fifty and 100 nitllion years ; but Uy be liberal, suppose each of 
our.stars to have a life of 100 inillioii years as a luminary, and it is found tliat 
the time taken by light to travel from the outlying star.s to the centre of the 
gpnere Kthroe and a quarter millioii times llm lifts of a star. Hence it follows 
that to xnMeliie whole sky aglow with the light of all the stars at the same time 
the commencements of tlie. stars must bt* timed earlier and earlier for the more and 
more distant ones, so that the time of the arrival of the light of everjf one of 
them at the earth may fall within the durations of the lights of ail the others at 
the earth. My sujl|K)6itioii as to uniform density is quite arbitrary; but never- 
tlieless I think it highly improbable that there cun be enough of stars (bright or 
dark) to make a total of star-disc area mon* than 10“' - or 10 ” of the whole skv. 

To kelp to understand the density of the supposed distribution of 1,000 million 
suns ill a sphere of 3‘0lbl0"‘ kiiometr(^s radius, imuL'^ine them arranged exactly in 
cubic order, and the vokiiue |x*r sun is found to be 12-3’o. 10^'^ cubic kilometres, 
and the distance from otio star to any one of its six nearest neighbours would be 
4*08.10'^ kilometres. The sun seen at this distance would probably lie seen as a 
star of between the first and second magnitude ; but sup[)osiiig our 1,000 milUoa 
Htiiis to be all ot' such brightness as to be stars of the first magnitude at distance 
correroonding to paralla.x l''*0, the brightness at distance 3*09. 10'*' kilometres 
woula be one one-millionth of this ; and th(* most distant of our stars would be 
seen through powerful telescopes os stars of the sixteenth magnitude. Newcomb 
estimated from thirty to fifty million as the number of stars visible in modem 
telescopes. Young estimated at 100 million the number visible through the Lick 
telescope. This larger estiniate is only one tenth of our assumed 1,0(X) million 
masses equal to the sun, of which, however, tKX) million might be either non- 
luininous, or, though luminous, too distant to be seen by us at their actual 
distances from the earth, llemark, also, that it is only for facility of counting 
that we have reckoned our universe us 1,000 million suns ; and that the meaning 
of our reckoning is that the total amount of matter within a sphere of 3*00.10' * 
kilometres radius is 1,000 million times the sun's mass. The sun's mass is 
1*09.10^^ metric tons, or 1*90.10” gi*ummes. Hence our reckoning of our sup- 
posed spherical universe is that the ponderable part of it amounts to 1*99.10** 
gramme.M, or that its averugi* density is 1*01. 10“’''' of the density of water. 

Let us now return to the question of sum of apparent art^os. Tlie ratio of 
this Slim to 4v, the total apparent area of the sky viewed in all directions, is given 


by the formula * : a « ^ , provided its amount is so small a fraction of 

tliat its diminution by eclipses, total or partial, may bo neglected. In 
this formula, N is a number of globes of radius a uniformly distributed within a 
spherical surface of radius r. Ft>r the same quantity of matter in N' globes of the 
^nio density, uniformly distributed through the same sphen* of radius r, we have 

Valid therefore " With N-Ur, r = 3*09.10“^ kilometrt's ; and 

^ y 1 ^ a « , 

Itho suns radius) **7.10’ kilometres; wo had a ~ 3*87.10“*®. Hence 
kilometres gives a' « 3*87.1 O’"® ; and a" = 1 centimetre gives a" « 1/36*9. 
Uence if the whole mass of our supposed universe were i*educM to globides of 
tte^ity (being the sun's, meaia density), and of 2 centimetres diameter, dia- 
wibuted imiformly through a sphere of 3*00.10"* kilometres radius, an eye at the 


> Phil, Mag.^ August 1901, p. 175. 
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centre of this sphere would lose only of the light of a luminary outside it I 
The smallness of this loss is easily understoml when we consider that there is only 
one globule of 2 centimetres diameter per 06(),(KX),000 cubic kilometres of space, in 
our supposed universe reduced to globules of 2 centimetres diameter. Contrast with 
the total eclipse of the sun by n natural cloud of water spherules, or by the cloud 
of smoke from the funnel of a steamer. 

Let now all the matter in our supposed universe be reduced to atoms (literally 
brought back to its probable earliest condition). Through a sphere of radius r let 
atoms he distributed uniformly in respect to gravitational quality. It is to be 
understood that the condition * uniformly * is fullilled if oquivoluminal globular or 
cubic portions, small in comparison with the whole sphere, but large enough to 
contain large numbt*rs of the atoms, contain equal total masses, reckoned gravita- 
tionally, whether the atoms themselves are of equal or une(|ual masses, or of 
similar or dissimilar chemical qualities. As long as this condition is fulfilled, each 
atom experiences very approximately the same forci5 as if the whole matter were 
infinitely fine-grained, that is to say, utterly homogeneous. 

I^'t us therefoiT l>egin with a unifiirm spheric of mutter of density p, gravita- 
tional reckoning, with no mutual forces except gravitation between its parts, given 
with ever)' part at rest at the initial instant ; and let it be rinjiiired to find the 
sul>sequt*nt motion. Imagining the whole dividiHl into iiifinitfdy thin concentric 
spherical shtdls, we 8»‘e that every one of them falls inwards, as if attracted by the 
whole maa«» within it collected at the centn*. Hence our problem is reduced to 
the well-known .students’ exorcise of finding the re(*tilinenr motion of a particle 
attructod according to the inverse square of the distance from a fixed point. I^et 

lie the initial distant', the attracting mas.'i, v and x the velocity and 

distance from the centn^ at time t. The solution of the problem for the time 
during which the particle is falling towards the centre is 


ic-. 


47rp 


and 


\.r .I-,/ 


“ ViC; - * * *■>" ' ”/)] 

where 0 denotes the acute angle whost* sine is shows that the time 

of falling thnuigh any proiKirtiou of the initial distance is the same whatever be 
the initial distance ; and that the time (which we shall denote by T) of falling to 

the centre i> / *^ . llenci* in our jiroblein of homogeneous gravitational 
V nTTp 

matter given at rest within a spherical surface and left to fall inwards, the 
augmenting density reraain.s homogeneous, and iJie time of shrinkage to any 
stated proiKjrtion of tlu? initial radiits Is inversely as the square root of tin* 
density. ^ 

To apply this result to the supjioscd spherical universe of radius #3*09.10 ’ 
kilometn.'H, and mass equal to a thrmsand million times the mass of our sun, 
find the gravitational attraction on a body «t its surface gives acceleration of 
1*37.1C *‘^ kilometres i)er st^cond jier second. This theremre is the value of 

Xn$ with one second as the unit of time and one kilometre as the unit of 

distance; and we find T^^52'y.l0*‘ seconds •* 10*8 million years. Thus oui 
formulas become 




gWing 
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and 

whence, when sin 6 is very small, 

Let now, lor example, a;,-- il'OO.lO* * kilometre.-, and -10'; and, therefore, 

sind=ad.r*3*10J0" ‘ ; whence, i;=«25>l,000 kilometre.^ per second, and 
f • X - TjOSUlpeconds « T — 2 hours upproximatel v. 

By these results it is inf»st interesting to know that our supposed sphere of 
perfectly compressible fluid, beginning at rest with density 1*61. of that of 
water, and of any magnitude large or small, and left unclogged by ether to shrink 
under tbednfluence mutual gravitation of its parts, would take nearly seventeen 
million years to reach *0161 ot tht* density of water, and about tivo hours longer 
to shrink to iiiflnite density at its centre. It is interesting also to know that if 
the initial radius is 3*00.10'“ kilometres, th<^ inw*arcl velocity of the surface i.s 
201,000 kilometres per second at the iii.stant when its radius is 3*09.10^ and its 
density *0161 of that of water. If now, instead of an ideal compn>8sible fluid, we 
go back to atoms of <»rdinarv' matter of all kinds as the primitive occupants of 
our sphere of 3 00.10*“ kilometres radius, all these conclusioii.s provided all the 
velocities are less than the velocity of light, would still hold, notAvithstanding the 
ether occupying tin? space through which the atoms move. This ivould, I believe,* 
exercise no r<?sistttnce whateviT to uniform motion of an atom through it; but it 
would certainly add quasi-inertia to the intrinsic Newtonian inertia of the atom 
itself moving through ideal space void of ether; Avhicb, according to the New- 
tonian law, would be exactly in pro{K>rtion to the amount of its gravitational 
quality. The additional quasi-inertia roust be exceedingly small in comj>ari.son 
with fhe Newtonian inertia, as is demonstrated hy the NeAvtonian proofs, includ- 
ing that founded cm Kepler’s laws for the groups of atoms constituting the xdanets, 
and movable bodies experimented on at the earth’s surface. 

In one thousand seconds of time after the density *0)61 of the density of water 
is reached, the inward surface velocity w'ould be 305,000 kilonietrfc»s per second, 
or greater than the velocity of light ; and the whole surface of our condensing 
glol^ of gas or vapour or crowd of atoms avouUI begin to glow, shedding light 
imyards and outwards. All this is absolutely realistic, except the assumption of 
uniform distribution through a sphere of the enormous radius of 3*09.10*“ kilo- 
metres, AvhicU we ado^ited temporarily for illnstrational purpose. The enoniiously 
great velocity (291,000 kilometres pi*r second) and rate of acceleration (13*7 kilo- 
metres per second per second) of the boiuidarv* inwards, which we found at the 
instant of density *0161 of that of water, are due to greatness of the primitive 
radius, and the uniformity of density in the primitive distribution. 

To come to reality, imcording to the most probable judgment prc'seiit know- 
ledge alloAvs us to fom, suppose at many millions, or tliousaiids of millions, or 
uaillions of millions of years ago, all the matter in the universe to have hsen 
atoms very nearly at rest or quite at rest ; more densely distributed in some 
places than in others, of infinitely small average density through the whole of 
infinite space. In rt^gioiis where the density was then greater than in neighbour* 
nig regions, the density would become greater still; in places of less density, the 

the Motion produced in an Infinite Ela.stio Solid by the Motion throvg^ 
tne Space oooupied by it of a Body acting on it only by Attraction or Bepulsfion,’ 
^ng.^ International do Physique, Paris, Volume of Reports {Phil Ma^., August 1900). 
Vn 4 . Mechanical Antecedents of Motion, Heat, and Light,’ Brit. Aswe, Jlep.^ 
K 1 ISSi; AWm. Mw Phil, Jbi/r., vol. i, 1855; Comptes Jtendus, vo\, xl, 1855; 
'^eivin s Collected 3Jath, and Pkys, Papers, vol. ii. art. Ixix. 
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density will become less ; and large regions will quickly become void or nearly 
void of atoms. These large void regions would extend so as to completely sur- 
round regions of greater density. In some part or parts of each cluster of atoms 
thus isolated, condensation would go on by motions m all directions not generally 
convergent to points, and with no perceptible mutual influence between tue atoms 
until the density becomes something like 10"'* of our ordinary atmospheric density, 
when mutual influence by collisions would begin to become practically eflective. 
Each collision would give rise to a train of waves in ether. These waves would 
carry away energy, spreading it out through the void ether of infinite space. The 
loss of energy, thus taken away from the atoms, would reduce large condensing 
clusters to the condition of gas in equilibrium^ under the influence of its own 
gravity only, or rotating like our sun or moving at moderate speeds as in spiral 
nebulas, &c. Gravitational condensation would at first produce rise of tempera- 
ture, followed later by cooling and ultimately freezing, giving solid bodies; 
collisions between which will produce meteoric stones sudi as we sec them. We 
camiot regard as probable that these lumps of broken-looking solid matter (some- 
thing like the broken stones used on our macadamised roads) are primitive forms 
in which matter was created. Ifenco we are forced, in this twentieth century, to 
views regarding the atomic origin of all thin^ closely resembling those presented 
by Democritus, Epicurus, and their majestic Komaii poetic expositor, Lucretius. 


2. A D iscussion on Glass used for Scientific Purposes, 
Opened hy a Paper by Dr. R. T. Glazebrook, F,R,S, 


3. The Brush Gratiny and the Law of its Optical Action, 

By John Kerb, LL,D,y F.R.S. 

Pure water is rendered slightly hazy by holding in suspension a small quantity 
of chemically precipitated and invisibly fine particles of Fe-Pi 5 liquid placed 
in a uniform and moderately strong magnetic field gives the best known example 
of the Brush grating. The water is understood t© be traversed tliroughout its 
mass by a set of invisibly fine filaments of solid particles, all straight and paralleh 
When this medium is examined in the polariscope the vibrations transmitted are 
alw^s perpendicular to the filaments. 

The action of the Brush grating comes out in experiment as twofold ; (1) a 
negative double refraction with filament for optic axis ; (2) a selective absorption 
of the ext^rdinary ray. The phenomena are quite regular, and as pure as any 
that are given by good crystals, but upon a comparatively small scale of intensity. 
The sim^est statement of the law of the action is that when light passes through 
the Brush grating the Fresnel vibrations parallel to the filaments are the most 
absorbed, and those perpendicular to the filaments the most retarded. 

It is interesting, and may be useful, to compare the new medium with the 
numerous media known in optics as the coloured birefringent ciystals ; and also 
with Hertz’s grating of parallel wires, used as a transmitter and absorber of 
electric waves. 

4. The Effect of Errors in Ruling on the Ajypearance of a Diffraction 
Gratiny. By H. «. Allen, M.A.^ B.Sc. 

If a sp^troscope is adjusted to view a single spectral line, and the eye-pisce ot 
the observing telescope is removed, the diffraction grating is seen illuminated by 
monochromatic light ; but in general the image is crossed by a number of dark 
bands parallel to the rulings on the grating. The bands may he better studied by 
focussing the observing telescope on the surface of the grating instead of on the 

* Homer Lane, Aweriomi Journal of Science. 1870, p. 67: Sir W. Thomson, 
Phil. Mag,^ March 1887, p. 287. 
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elit of tlie collimator. The object of the paper is to explain the mode of formation 
of these bands. 

In an absolutely perfect grating all the light going to form the spectral line 
of any particular order is brought to a single focus by the objective of the telescope, 
and ^e emergent cone of light is bounded by the image of the j^ratin^^ formed by 
the omective (the distance between the grating and the objective being ^ater 
than tne focal li^ngth). In the case of a grating containing two rulings differing 
by a small amount the light from each portion will te brought to its own 
appropriate focus, and the two emergent cones of light will be bounded b^ the 
comsponding parts of the image of the grating. A screen placed in the position 
of this image would be uniformly illuminated, but if it were moved nearer to the 
lens the boundary between the two rulings would receive light from both the cones 
or from neither of them, according to the relative positions of the foci. If the 
screen wera inoved further from the lens the effect would be exactly reversed, so 
that a light band in one case becomes a dark band in the other. 

The theoretical results, which have been verified by observation, may be 
summarised as follows : — 

Orders on the right of the central image (the observer is supposed to be facing 
the grating). — Case 1. In passing from a wide to a narrow ruling in going from 
left to right. Focus in, light band. Focus out, dark band. 

Case 2. In passing from a narrow to a wide ruling in going from left to right. 
Focus in, dark band. Focus out, light band. 

Orders on the left of the ce^itral image » — The results just given must bo 
reversed. 

The hands disappear when the telescope is focussed exactly on the grating. 


5. On a new Electromagnet a'nd an Echelon Spectroscope for Magneto-optic 
Obsei^vations. By Professor A. Gray, F,Jl,S,y and Dr. W. Stewart. 


6. On Eesolvi'tu/ Power in the Microscope and Telescope, 

By Professor J. D. Everett, F,R,S. 

The author maintains, in opposition to the view put forward in standard books 
on the microscope, that resolving power, whether in the microscope or the tele- 
B^e, depends simply on keeping down the size of the disc which, owing to 
diffrMtion, is the image formea by the objective of a luminous point of the object. 
The illumination of the disc diminishes trom the centre outwards according to a 
well-known law, first worked out by Airy, becoming zero at a definite distance ; 
hut for a considerable distance within this limit the illumination is too faint to he 
appreciable, and the visible size of the disc therefore increases with the brightness 
of the luminous point which is imaged. The radius of the disc, reckoned up to 
the theoretical limit of zero illumination, is directly as the wave-length of the 
light employed, and inversely as the sine of the eemivertical angle of the cone of 
rays which emerges from the objective. The effect of large aperture in the tele- 
scope, or of large N.A. in the microscope, is to increase the sine of this angle, and 
m the same proportion to increase the fineness of representation. ^ 

Dawes* results for the closeness of double stars which can be just separated by 
a given objective lead to the conclusion that the two discs, corresponding to •the 
two nearly equal components of the star, can be just recognised as two lyhen the 
lUummation due to one at the centre of’ the other is about ^ of the cenigal 
illumination ; and Abbe’s determinations of the resolving powers of microscopical 
objectives, as dependent on N.A., lead to exactly the same conclusion fcftr the 
an agreement which seems to have hitherto escaped attention. 

1 view, as stated in the concluding sentence of his Paper to the 

Koyri Microscopical Society (vol. i. 1881, p. 423), is: — 

I he very first step of every understanding of the microscope is to abandon 
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the gratuitous assumption of our ancestors that microscopical viidon is an imitation 
of macToscopical, and to become familiar with the idea that it is a thing sui 
peneriit/ 

This view has since been somewhat toned down ; but he still maintains that, 

" “ of 


in the case of such an object as a diatom, there is practically a sup 
two images, one depicting the coarse outlines and the other the fine d€ 

It is of course legitimate to mentally divide phenomena into two classes for 
convenience of treatment ; but Huygens’ principle applies equally to the fine and 
the coarse parts of an object; and there is no way of (mtaining true representation 
of tine details; except by giving smallness to the discs which are the images of 
points, seeing tlmt the whole image, coarse and fine parts alike, is built up of these 
discs. 


An important point, which is merely presented as an empirical fact in books on 
the microscope, is the enormous benefit derived, in fine work, from employing a 
sub-stage condenser of liigh quality to throw upon the object the sharpest possible 
achromatic image of a limited portion of the source of illumination, an iris dia- 
phragm, close to the condenser, being employed to assist in the limitation. ^ The 
reason of the benefit is that the iiifiuence of large aperture in reducing the size of 
the discs which build up the image depends on the capability of mutual inter- 
ference between all points of a wave-surface sent by a point of the object to the 
focus. Two distant portions of the surface cannot interfere, if they are derived 
from distinctly different parts of the source of illumination. For purposes of 
resolution, aperture counts only so far as it receives illumination from one and 
the same source. If the four quadrants of an apertuie are illuminated by four 
separate sources, they will give, instead of a single small round spot, four larger 
spots partially overlapping. 

A subsidiary benefit conferred by accurate focussing of the source on the 
object is the prevention of the spurious patterns which are formed by the inter- 
ference of light sent from a single point of the source to different markings on an 
object. 


7. On tlie Interference of Light Jronx Independent Sources, 

Jiy G. JoHNHTONE Stoney, AT.A., D,Sc,y F,R,S, 

In the course of an inquiry into the distribution of light by visible objects the 
fact has emerged that lights from independent sources can be made to interfere, 
whatever be their phases and states of polarisation. 

^ The present abstract is in reference to this point. To make it sufficiently brief, 
it is limited to explaining the method of proof and giving one application to a 
case which is easily dealt with, and where the result can be verified experimentally. 

The investigation starts from the admitted fact that in a transparent isotropic 
medium the undulation spreading outwards from each punctum, or visible point, is 
a train of waves of altenating electro-magnetic stresses of which the wave-fronts are 
surfaces that are nearly spheres, or portions of spheres, concentric witli the 
punctum, and enlarging with the speed of light in the medium. 

Electro-magnetic stresses require an expenditure of energy to produce them or 
to alter them, and in other respects there are analogies between the electrical 
events with which we shall have to deal and dynamical events. Accoii^ngly, as 
we have a fuller nomenclature of dynamical than of electrical events it will be 
convenient to speak of changes of electro-magnetic stress as motions in the medium, 
of the cause of an alteration of the rate of change as a force, and so on, for ^is 
purpose employing these and other dynamical terms in a sufficiently generalised 
sense. 

^Ye shall also have to assume that it is legitimate to apply the principle of 
reversal to electrical as to dynamical events. 

Let us take a definite case, and suppose that P; a punctum or small source of 
light, is situated at a point /in the open selher, from which it radiates light of wave 

* Carjffenter m the Microscope^ 8th edition, p. 64. 
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length X in some or in all directions. P probably acts somewhat like a Hertzian 
vibrator ; but whatever be its nwdm operandi it is an agent which makes a disturbance 
in the fether and sets up what we may call turmoil in its immediate neighbour^ 
hood. This turmoil is of a special kind, its action on the (ether beyond adding 
wave after wave to an undulation of regular waves, which advances outwards. 

iris this undulation of regular waves beyond the region of turmoil that is the 
light radiated ^om P. 

The fether is competent to propagate these waves forward without external aid 
and by reason of forces developed within itself when strained ; but the turmoil in 
Ihe vicinity of P requires that forces supplied by P shall co-operate with the forces 
developed in the medium to keep it going. If P ceased to maintain it, the 
turmoil would quickly disappear after expending whatever energy had been stored 
up in it in adding a few additional waves to the inner fringe of the great undula- 
tion trave$ii«g-outwards. 

Let us draw round / a tiny sphere with radius p, which we may call sphere p, 
just Bufhciently large to include the region of turmoil. In the case of light, one or 
two wave lengths is a suiBcient radius for this sphere, since beyond that short 
distance the events in the scther do not differ sensibly from regular wave-motion. 

P, which emits the light, is a portion of the non-»ther. It is a ‘source’ 
through which energy is transferred from the non-mther to the aether. By reason 
of its presence the aether is not a ‘ self-contained system ’ of the kind which is 
necessary to justify an application t<yt of the principle of reversal. But we can 
bring about this requisite state of Rolation by supposing that P, after having 
emitted light for a definite time, say for one minute, not only ceases to emit light, 
but ceases to exist. This total suppression of P cuts off the communication 
between the mther and the non-aether, and thenceforward the aether is a self- 
contained system in which we may investigate the/wrf^er progress of events by 
employing the principle of reversal. It will be convenient to divide time into 
equal intervals — say into minutes — and the definite supposition we shall make is 
that P emits light of wave length X from the epoch till the epoch t = one 
minute, and that at the close of this period all the contents of the sphere p, including 
P and the disturbed asther near it, are suddenly annihilated, and quiescent aether 
put in their place. • 

By the end of the first minute, when these events are supposed to take place, 
the undulation beyond sphere p has extended to a distance from /, which is about 
forty-seven times the distance from the earth to the moon. After those events 
take place, the undulation continues to advance outwards; and we may now 
employ upon it the principle of reversal, with the advantage of being at liberty 
to confine the reversal to the reversal of motions in the (ether. This provides us 
with the means of investigating events after the first minute. 

We may also include the events of the first minute by introducing two 
reversals ; since by this contrivance we can succeed in reproducing under the new 
conditions, t.e., within a self-contained aether, precisely the same undulation as 
existed during the first minute while P was emitting light. To this end let us 
imagine the undulation to continue its outward jouNiey for any convenient period 
^ay for two minutes after the annihilation of the contents of sphere p. This 
brings us to the epoch three minutes. At this instant let reversal of all 
motions in the aether take place. The outflowing waves then retrace their stens, 
so that after the reversal the undulation becomes light converging towards tne 
focus/. When the lime t = eight minutes arrives the undulation has not only con- 
verged upon /, but after passing that focus it has become an undulation* of 
divergent spherical waves, each part of the undulation when passing the focus 
having crossed to the opposite side of /. At the instant t = eight minut*es let a 
second reversal of all motions in the cether take place. The light which, im- 
mediately before this second reversal, was diverging from f again becomes 
convergent, and within the period from ^s^ten minutes to eleven minutes 
each spherical wave for the second time passes the focus and becomes divergent, 
and each of these divergent waves now finds itself under such circumstances that 
^ soon as it gets beyond little sphere p it becomes for all future time an exact 
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repetition of what the corresponding actual wave emitted by P in the first 
minute was, and what it would have continued to be if neither reversal had taken 
place. 

Hitherto we have only dealt with the undulation as an undulation of spherical 
waves. Ijet us now go again over the same ground, and avail ourselves of its 
l^ing legitimate to resolve the light into wavelets by Huygens’s theorem. 

In addition to little sphere /j, let us draw round f two otljer spheres with 
radii r and R, r being some moderate length such as a metre, and R a much 
greater length, such as two or three metro-tens.^ We shall find it convenient to 
imagine other spheres to be also described rounc) /, viz., the series with radii 
M, 2M, 3M, &c., where M is the length of the journey which light describes 
each minute, which in the open fether is a distance of 1*8 metro-tens. Let us 
now make it our special aim to consider in what way the process we are going to 
apply 2 cill resolne the part of the undulation of sjiherical weaves which lie$ within 
ftphere r. 

As before, let P for the first minute emit light of wave length X. This light 
consists of the spherical waves which travel outwards through the space beyond 
sphere p. At the close of the first minute the foremost wave has reached 
sphere M. Throughout almost the whole of this minute a portion of the 
undulation has been within sphere r, which (if r is a metre) is large enough to 
include from 13 to 25 hundred thousand (according to the colour) of the expanding 
light waves. ^ 

At the end of the minute P and the rKt of the contents of sphere p are to 
be annihilated, and quiescent (ether is to be substituted for them within that 
little sphere. 

Two minutes latter, when t ^ '6 minutes, the immense undulation of 
spherical waves has got beyond the great sphere K, and has advanced into the 
spherical shell between spheres 2M and 3M, leaving quiescent (ether behind it. 

At this instant — ».e., when f « 3 minutes — the first reversal is to take place, 
whereupon the waves that have been hitherto outward bound become inflowing. 

Let them pursue their new course after this first reversal until the time 
f s 8 minutes. By that time the undulation has converged upon the focus, has 
pas^ it, and has again become divergent light, each part of the undulation 
having crossed to the opposite side of f When the epoch t « 8 minutes 
arrives the undulation of spherical waves is travelling outwards, and has reached 
the space between spheres 2Ai and 3M, and sphere K lies in the quiescent space 
within the undulation. 

At this instant — 1 >., when t » 8 minutes — let the second reversal take place. 
The undulation for the second time travels inwards, and on their inward journey 
the spherical waves come successively to coincide with sphere R. Accordingly 
if we divide the surface of sphere R into its elements dcro, &c., then by 
Huygens’s theorem we may substitute undulations of hemispherical wavelets 
radiating inwards from the innumerable centres (/o’,, dor»f &c., to take the place of 
the further progress of the inward-bound undulation of spherical waves. As 
these innumerable undulations of wavelets advance, they sweep over the space 
occupied by sphere r, which is two metres across, and within the limiU of that 
space the wavelets differ but very little from wavelets that are accurately flat and 
accurately uniform. In this way the converging spherical waves within sphere r 
succeeded by the same waves diverging after they pass the centre of the sphere, 
produce identically the same motion within sphere r as would develop itself if 
the innumerable undulations of nearly plane wavelets described above were 
made to sweep across it simultaneously. It can further be proved that the 
equation of energy is fulfilled in this resolution, and that in every respect the 
resolution is a true physical resolution. 

The next step is an easy one. It is legitimate by an application of the method 
of limits to make the wavelets where they cross sphere r accurately plane wavelets 

' A metro-ten is the tenth of the metros or decimal multiples of the mptip, 
In other words, it is 10** metres, 
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and accurately uniform, and at the same time to increase the size of 8{)here r 
to any desired extent. When this has been done we obtain the following im« 
portant theorem : — 


«. Theoben I. 

The undulation of spherical waves emitted by a luminous punctum F situated 
at a point / of a transparent isotropic medium, together with that nreceding 
system of waves converging upon f, which would have been followed by this 
same radiation from f it* P had been absent — the complete undulation of 
spherical waves which embraces an entire past history as well as the entire 
future history of the undulation — can be completely resolved into undulations 
of plane wavelets, each wavelet being of unlimited extent in its own plane, and 
uniform thj^^i]^s»ut that extent. And this resolution is a true physical resolution 
and not merely kinematical. 

An adequate conception of these plane-wavelet components can perhaps be 
best acquired by making temporary use of the hypothesis that the light emitted 
by P consists of rays, of the kind with which we are familiar w^hen tlie useful 
hypothesis that light consists of rays is made the. basis of the science of 
geometrical optics. Here, however, we are to obliterate these hypothetical rays 
and to substitute for each hypothetical ray a real undulation of plane wavelets, 
each wavelet having < its wave-front perpendicular to the ray, and being of 
unlimited extent in the plane of the Wavelet as well as uniform throughout that 
extent. To complete the picture the intensity of each undulation (f.e., the 
square of the transversal of each of its wavelets) is to be proportional to the 
intensity which we have to attribute to the corresponding hypothetical ray of 
geometrical optics. As the number of rays is unlimited, so is the number of the 
undulations or plane wavelets that take their place. 

The investigation requires one other fundamental thereom, of which, ns it is 
a well-known theorem, we need only give the enunciation, premising that the 
direction in which an undulation of plane wave.s travels is in an isotropic medium 
perpendicular to the wave fronts. 


Theorem II. 

Any number of undulations of uniform plane waves, of wave length X, 
advancing in the same direction in an isotropic medium, may be united into a 
single resultant undulation of uniform plane waves travelling in that direction. 
(If the undulations to be combined are variously polarised, the resultant undu- 
lation will in general be clliptically polarised.) 

From these fundamental theorems several useful inferences may be drawn; 
such as— 


Theorem III. 

The whole of the light of wave length X emitted by any visible object, 
"Whether self-luminous or requiring incident light to render it visible, may be 
xesolved info undulations of uniform plane wavelets, of which there need be only 
one such undulation provided for each direction towards which light is propa- 
the visible object. 

This is an immediate corollary from Theorems I. and II. 


Theorem IV. 

. The light of wave length X traversing any portion of space may he resolved 
nto undulations of uniform plane wavelets sweeping over that space, of which 
only one such undulation in each direction. 

•Hus aisp is p, corollary upon Theorems I. and II. 
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Theobeh y. 

The light of wave length X which reaches the image of an object formed by 
an optical instrument may be resolved into undulations of uniform plane wave- 
lets, of which only one undulation need be provided for each of the directions 
along which light reaches the image. « 

This theorem is a particular case of Theorem IV. 

Light may be resolved into wavelets in innumerable ways/ Amongst these 
the analysis into undulations of uniform plane wavelets possesses the unique 
advantage that as each unduiation advances through space neither it nor any of 
its parts undergoes change. Hence * 


Theorem VI. 

To estimate the effect produced within a closed space or by the light that has 
reached a given image, it will suilice to draw cylinders enveloping this space or 
image, in all the directions from which light comes to it, and to confine our 
attention to the portion of each undulation of uniform plane wavelets which lies 
within that one of the cylinders which is perpendicular to its wave fronts. 

From this group of theorems others of much interest follow ; but to describe 
the method by which they are derived would necessitate entering upon new ground, 
and would unduly prolong the present abstract. It must therefore suflice to say 
that by some of these further propositions a beam or pencil of light is resolved into 
its plane-wavelet components, each of indefinite extent laterally ; and that this 
resolution renders po.s8ible a study of the phenomena of ditiraction gratings when 
the portions of light that reach the individual reflecting strips come from inde- 
pendent sources. 


Some of tjce Results Obtained. 

These theorems have made it possible to investigate the distribution of the light 
which is thrown oft’ by visible objects, and they explain the experimental eft’ects 
seen by Professor Abbe when light was incident upon microscopical objects under 
various limitations as to direction. In the course of the inquiry the total light 
incident on an object, or else the total light which emerges from it, has to be 
resolved into its plane-wavelet components; and it appears on applying this 
method of analysis, either to the incident or to the emergent light, that the por- 
tions of light thrown off' by diflereni parts of the object are cap^le of interfering, 
whether those portion.s of light had reached the object from the same or from 
independent sources. 


Verification by Experiment. 

After confirming these results by a repetition of Abbe’s observations aiid by a 
large range of otlier experiments with the microscope, it appeared to the writer to 
be desirable to contrive a test experiment which could be carried out with more 
precision than is possible when employing the microscope. 

A ruling of parallel equidistant lines seems from the theoretical point of view 
to be the simplest kind of visible object with detail upon it to be seen^ Accord- 
ingly the object chosen for experiment was a Rowland’s diffraction grating with 
a* ruling a little more than 4^ centimetre^ long, and containing about 26,000 
reftect^Dg strips. 

The theoretical investigation indicated that the light thrown off by the graticg 
should be in the same Erections and have the same intensities, whether the 
incident light which has reached the several reflecting strips have come from the 
same or from different sources, provided that, if they come from different sources, 
equal intensity of light has reached the several strips. 

To test this Miss E. A. Stoney proposed to bring light from independent sources 
to the various parts of the grating by throwing an image of the sun upon it ; 
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and the experiment which resulted has most satisfactorily confirmed the prediction 
of theory. 

The light from the sun was reflected from a heliostat furnished with a 4-inch 
optically flat mirror, worked by Sir Ploward Grubb, F.R.S. The mirror is silvered 
on the front, and may be relied on to furnish reflected light capable of forming a 
good ifhage. The reflected beam was received by a horizontal telescope furnished 
with a 2-inch objective by Cook and an eyepiece by Watson. By this apparatus 
an image of the sun was formed in a vertical plane at a distance of a little more 
than a metre from the telescope, and of a size somewhat larger than the Rowland 
grating. Whenever there happened to be minute spots on the sun at the time of 
observation, the image was good enough to show them satisfactorily. 

The surface of the grating was made to coincide with this image, so that the 
light reaching different parts of the gi-ating came from different parts of the sun. 
At the same '^iaae, in consequence of the arrangements described above, all light 
reached the grating from nearly ' the same direction, viz., from the direction in 
which the eye-stop of the telescope was seen from the grating. 

WTieu the apparatus was set up in this way, the same full series of bright 
impure spectra were \ reduced as are seen when the portions of light reaching the 
several reflecting strips come from identical sources. 


Still further to test the predicted result, a spectroscope slit was placed near 
the telescope, in the position of tlie eye-stop of tne telescope. This reduced the 
light forming the image of the sun and impaired its definition, but still left the 
image good enough to ensure that the light reaching reflecting strips of the 
grating which are somewhat distant from one another came from different 
parts of the sun.* The spectrum of the second order on one side was then 
viewed through the telescope of the spectrometer, when the Fraunhofer lines 
were well seen in large numbers. The E group in the green was carefully 
examined, and the definition was so good that all but one - of the 30 lines in 
Rowland’s great map were seen. The closest doubles that were observed to be 
revived were at 5265*8 in the E group, and the corona line with the iron line 
adjoining it at 5316*9. The spacing of these doubles is about J of an Angstrom 
unit, which in that part of the spectrum would, according to Lord Rayleigh’s 
formula (X/dX==2w), require grating of 16,000 lines to resolve them "in the 
second spectrum if the grating and the adjustments Avere perfect. 

The performance as seen was regarded' as good, considering the impossibility in 
some respects, and the difficulty in others, of getting the adjustments more than 
approximately made : 16,000 lines occupy 28 mm. on the grating, which is more 
than an inch. It therefore extended over a considerable part of the image of the 
sun which illuminated the grating. Moreover, having regard to the fact that 
the brightness of the light reaching the diflbrent reflecting strips was not. quite the 
same, and to the other shortcomings mentioned above, it seems not unlikely that 
the whole of the 26,000 reflecting strips of the grating were actually in operation 
to produce such definition as was observed. If so, light was made use of from 
parts of the image of the sun as far asunder as 1 J- inch. 

, [iVofe added October 1001. — ^The experiment is very much improved by 
mtroducing a collimating lens between the slit and the grating. The lens employed 
js a lens of 73 cm. focus, and was set up at a distance of about 12 cm. in front of 
^no grating. ^ It does not sensibly impair the image of the sun formed on the 
grating, and it enables the adjustments to be fully made which had to be left 
uuperlect before. When the adjustments were carefully made the spectrum of 
sun in the second spectrum did not appreciably fall short in either definition, 


' light reaches all parts of the grating from exactly, and not only nearly, the 
g^p^^^®ctions when the collimating lens described in Note above is added to the 

not seen is the faint chromium line of wave length 5276*34 and* of 
whioi* * ^ ^ Rowland’s scale. It is between two stronger lines, the nearer of 
This 5 intensity 1 and at a distance of about a fifteenth of an Angstrom unit. 
The if • resolution by a grating of 26,000 lines in its second spectrum, 

spectrum widely separated by the grating that was used in its fiftli 
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res<>lviDg power, or puritjr of the best speotrum that can be obtidned when the 
spMtrometer is employed in its usual way, with the image of the sun thrown 
on the slit. No doubt, the light being now derived from a large extent of the 
sun’s disc, sharp lines must have been fringed with faint and narrow wipgs owing 
to the rotation of the sun ; but the wings were too faint and too narrow to be 
visible in the second spectrum.] 

On the whole, the verification of the effect predicted by the new analysis 
appears to be satisfactory. 

A modification of the experiment can be made in the absence of sunshine bv 
throwing the image of a fiat sodium flame upon the grating, when the D lines will 
be seen beautifully defined, and may be reversed if suitable arrangements are mode in 
the fiame. But a sodium flame cannot be made truly flat or truly steady so as to 
furnish an image the puritv of which ma^ be relied on like that of the sun. The 
solar arrangement for making the experiment is therefore to be preferred when 
sunshine and sufliciently good apparatus are available. 


8. A Long Period Solar Variation} By William J. S. Lookyer. 

This paper consists of a discussion of the observations of the measurement of 
sunspot areas made since the year 1833, this year being the epoch when Schwabe 
commenced his series of sunspot observations" on a systematic basis.. The actual 
dates of the epochs of maxima and minima of sunspot area used in this investi- 
gation were those given by Dr. Wolf and Dr. Wolfer. As a check on the work 
the important results of Mr. William Ellis* discussion of the Greenwich 
Observations of the Magnetic Elements were utilised, as be has shown that the 
curves representing the magnetic elements are in almost exact accord with that 
representing the solar spotted area. 

In dealing with the sunspot curve the first result of the investigation was 
to indicate ^at the intervals between a minimum and a follotoing maximum 
varied regularly, the length of this period of variation amounting to a little more 
than three eleven-year periods, or about thirty-five years. The magnetic curves 
examined in the same way indicated precisely a similar variation. 

An inquiry into the amount of spotted area included in each interval between 
consecutive sunspot minima indicated also a regular variation, the period being 
similar to that mentioned above — namely, about thirty -five years. 

Further, it was found that the interval in time between consecutive minima 
was not constant but varied, as far as could be judged, regularly, the length of 
the period increasing and decreasing in alternate eleven-year period from a mean 
value. 

The paper then indicated that as the sun may be considered as a ' variable ’ 
star, it may be likened to the well-known variable ri Aquilee, the light of which 
changes rather similarly— t.e., the interval between a minimum and a following 
maximum has a short-period variability, and the period from minimum to minimum 
alters. 

In conclusion the author referred to the important work of Frofemr Ed. 
Bruckner, who had indicated that the changes of climate were periodical, and 
that the mean length of the period was about thirty-five years ; to Mr. Caries 
Egeson’s investigations on territorial meteorology for South Australia; and to 
Professor Ed. Richter’s results on his researches on the movements of glaciers. 

‘ All these investigations indicated clearly a periodical change in the meteoroid 
of the earth’s atmosphere, which were the result of this thirty-five yearly solar 
period, as shown by the correspondence of the respective epochs, , 

The paper then indicated that the next * greaV maximum of sunspots, similar 
to* that of 1870 and 1836, should occur at the approaching maximum, and jc 
would he interesting to see whether all the solar, meteorological, and magnetic 
phenomena of those two periods were repeated. 


* See Proc. Royal Soo. vol. Ixviii. p. 285. 
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The conclusions drawn from the whole investigation were as follows 

^ 1. There is an alternate increase and decrease in the length of a sunspot period, 
beckoning from minimum to minimum. 

2. The epoch of maximum varies regularly with respect to the preceding 
minimum. 

The amplitude of this variation about the mean position is about 
± 0*8 year. 

The cycle of this variation is about thirty>fivo years. 

8. The total spotted area included between any two consecutive minima 
varies regularly. 

The cycle of this variation is about thirty-five years. 

4. There miRD indication of the fifty-five-year period as suggested by Dr. Wolf. 

5. The climate variations indicated by Professor Briickner are generally in 
accordance with the thirty-five-year period. 

6. The frequency of auroras and magnetic storms shows indications of a secular 
period of thirty-five years. 


Department II. — Meteorology. 

The following Report and Papers 'were read : — 

1. Report on Meteorological Observations on Ben Nevis* 
See Reports, p. 54. 


2. The Seismograph as a Sensitive Baronietei\ 

By P. Napier Denison, Meteorological Office^ Victoria, li,C* 

» 

Since the installation of a ' Milne ’ Seismograph in connection with the Meteoro- 
logical Ofiice at Victoria, B.C., in SeptemW 1898, the author has taken up the 
study of the various movements of the horizontal pendulum apart from those 
caused by earthquakes. 

In Older to make a thorough investigation of this phenomenon, the author has 
taken the photographic records from this instrument for the years 1899 and 1900, 
amounting to over 3,000 feet of paper, and with a millimetre and time scale has 
measured the amounts and times of occurrence of all changes, including the diurnal 
and longer period deflections. These observations have been entered in a specially 
design^ register, and as these observations are often of sufficient amplitude to 
necesritate the resetting of the boom by altering the levelling adjustment, it has 
been necessary to correct the above readings in order that the true and continuous 
movement be^ obtained during these years. 

By studying these corrected observations in conjunction with the Victoria 
Synoptic Weather Charts, the author became convinced that most of , these move- 
ments were due to meteorological causes. In order therefore to be able to pursue 
this study further, he has plotted these observations upon *1 inch squared paper : 

tioie scale used was 2*4 inches per day, and •! inch to equal one millimetre, 
this curve for each month was plotted the Victoria barometer from the tri- 
aaily observations, and surmounting this was entered the tri-daily record of the 
airecbon and velocity of the winds and precipitation. 

Ihe results from the plottings for the year 1899 when studied in conjunction 
with the corresponding weather charts proved so interesting that a brief paper 
^on this subject was read before the last meeting of the Royal Meteorologimil 
^ciety. Since then the author has completed the plottings for 1000, and, in order 
0 increase their value, has added the Victoria tidal curve also. 
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The following* notes have been deduced from these observations : — 

(1) The crust of the earth is depressed under areas of high barometric pressure, 
and elevated under areas of low pressure. 

(2) When the barometer is high over the Pacific slope from British Columbia 
to California and low over the adjacent ocean^ the horizontal iiendulum is defected 
tOAvards the east. 

rS) When the barometer is high off the coast and low over 'the Pacific slope, 
the liorizontal pendiiluin is defiected towards the west. 

(4) The horizontal pendulum tends to move ejwt during the winter months and 
west throughout the summer. 

(6) The total westerly movement (signifying a depression of the coast) ex- 
ceeds the easterly swing for the year 1800 by 04*0 millimetres and by. 20*7 for 
1000. 

(6) When an extensive ocean storm area is approaching the coast of Van- 
couver Island, wlnh> the barometer is high over the Pacific slope, the pendulum will 
steadily travel eastward before the coast barometers begin to fall, or its presence 
is noticeable upon the synoptic weather chart. 

(7) Should such a storm be followed by an extensive high pressure area, the 
pendulum will turn and move steadily toward the westward, sometime before the 
focal barometer begins to rise and before the winds have shifted to the westward. 

(8) Should au important storm area move down the coast from Alaska and 
be followed by an extensive one of high pressure and a cold wave extending from 
the Yukon south-eastward, the pendulum swings to the westward, usually before the 
storm has reached this latitude. These are termed abnormal winter movements, 
and cause the few cold days experienced in this vicinity. 

(0) The greatest monthly range occurs during the stormy winter months, and 
the smallest range takes place during the summer type of almost continuous fine 
weather. 

(10) The diurnal range is most pronounced during the summer months, when 
the greatest amount of sunshine is recorded, and the least amount of rain. 

(11) Fine weather is usually preceded by a westerly movement of the pendu- 
lum, due to an approaching ocean high area which spreads inland over the province, 
while further south the barometer is comparatively low. 

(12) A careful perusal of the two years' plottings proves that during the 
normal type of summer and winter barometric distribution the barometer and 
pendulum curves tend to come together as areas of low pressure approach the coast, 
and diverge when high, areas follow the same course. 

The above brief and incomplete summary of deductions derived from these two 
years' observations is respectfully submitted with a strong desire that this investi- 
gation bo taken up by a special committee, and if this study of the pendulum's 
warnings tends to aid the forecasting of ocean storms upon this distant seaboard of 
the empire, may not a similar study at home lead to the adoption of simple 
seismographs t.hroughout the kingdom to be used as sensitive barometers, as an aid 
in warning the advent of the great Atlantic storms before they reach the western 
coast Y 

3. On Meteorological Phenomena in Relation to Changes in the . Vertical* 
By Professor J. Milnk, F.R,S. 


WISDNUSDAY, SEPTEMBER 18 . 

The following Report and Papers were read : — 

1. Report on the Determination of Magnetic Force on Board Ship* 
See Reports, p. 29. 
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2, Ow iVew Form oj Instrument for Observing the Magnetic Dip and 
Intensity on Board Ship at Sea. By Captain E. W. Creak, C.B., 
F.B.S, See Reports, p. 29. 


3. JHote on some Results obtcdned with the Self recording Instruments 
for the Ant(^rctic Expedition. By Dr. R. T. Glazebrook, F.R.S. 


4. On a Determination by a Thermal Mellmd of the Variation of the 
Critical Velocity of Water loith Temperature. By H. T. Barnes, 
M.A.Sc.^ D.Sc.f Lecturer in Physics^ andFi. G. Coker, M.A.^ D.Sc.<, 
AssistdnC^rofessor of Civil Engineering ^ McGill University y 
Montreal, 

The critical velocity, or point at wliicli the flow of water through a pipe 
changes from stream-line to eddy motion, lias been the subject of a series of 
experiments by Osborne Reynolds from the philosophical as well as the practical 
aspect. Two methods, which are too well known to require description, were 
adopted in his experiments— the method of colour bands and the determination of 
the law of resistance governing the flow at velocities above and below the critical 
velocity. From the results of liis work Reynolds was able to verify certain mathe- 
matical deductions as to the elfect of viscosity and diameter, which led to exceed- 
ingly simple expressions for determining the change in the flow. The effect of 
temperature was, however, less completely verified. In so far as the critical 
velocity is dependent on the viscosity, the temperature coefficient of the viscosity 
was taken as representing this temperature change. General experimental results 
indicated, at least approximately, that the law of Poiseuille for the flow through 
capillary tubes held for the critical velocity between 4® and 22® C. It was deemed 
desirable by the authors, on account of the large ettect produced by temperature, 
to determine this coefficient directly by a new method, and more especially as the 
law of Poiseuille itself was deduced from experiments ranging only as high as 
46® 0. 

In the present paper a new thermal method of measurement is described, and 
also experiments by this method with a brass pipe 0*414 inch in diameter at 
different temperatures between 16® and 86° C., together with the general results 
80 fp os it is yet possible to communicate them, showing the reformation under 
perfectly steady and uniform conditions of the stream-line flow at velocities very 
much above the critical point measured by Reynolds. 


Thermal Method of Pleasuring Critical Velocity. 

If water be heated while flowing through tubes in stream-line motion, the distri- 
bution of heat throughout the water column is not uniform. In the case where the 
beat is applied at the outside of the tube, as in the experiments of L. Graetz, only 
the few layers which are almost stationary in direct contact with the tube will hie 
heated, while the inflow water, which passes directly tlirough the central portion 
a much greater velocity, will remain almost entirely unheated. In the case 
where the heat is received from a central wire, the heat is carried off by the 
quickly moving water in a cloak as it were around the wire, leaving the sides of 
tbe tube miheated. At and beyond the point where eddies make their appearance 
the flow, the entire column of water is mixed and stirred^ and the temperature 
Jistribution becomes uniform. The point of change, or the critical velocity, may 
of clearly defined by observing the sudden increase in the temperature 

w the llowmg water. In some of the first experiments this change of tempera- 
ure was observed by noting the increase in resistance of a platinum wire threaded 
sh 4 the centie of the tube heated on the outside, and the preliminary results 
Aowed that the presence of a wire of 6 mils’ thickness in a tnoe of about i inch 
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in diameter lind apparently no mensurable Influeiico in causing an earlier breaking 
up of the stream-line flow. Although the electrothermal method of measuremeni 
was quite satisfactory, it was found that the point of change was determined mon 
simply by placing the bulb of a sensitive mercury thermometer in the path of thi 
water as it emerged from the tube, and this had also the additional advantage o; 
showing the true temperature of the water. A glass prolongation, of lli^tlj 
greater diameter and connected carefully to the brass pipe by a specially con- 
structed cone or adapter, enabled the reading of the thermomet!er to be ob^rVed 
It was a matter of considerable suqmse to the authors to see the very sudden way in 
which the reading of the thennometer indicated the point of change in the charactei 
of the flow by an almost instantaneous change of reading. That the change in 
the reading indicates the critical point was shown by introducing a colour baflS in 
the ordinary way, in which cose the band disappeared at the same moment the jump 
in the thermometer thread took place. 

Since in the experiments the tube was heated on the outside, it^ might at first 
sight appear that the temperature diflerence between the layers of water in direct 
contact and the central column might produce a disturbing action on the flow, but 
as this temperature difference was ulwa 3 *s small, the total jump in the thermometer 
being seldom over a few tenths of a degree, the disturbance, if any, was reduced 
to a minimum. Moreover, special experiments wei*e repeatedly made to determine 
a possible disturbing effect by maintaining the temperature of the walls of the 
tube at difierent points above and below the water in the tube, but none could be 
detected. 

It was necessary to have only a few degrees diflerence in temperature between 
the walls of the tube and inflow water to obtain a measurable reading. 


Description of the Apparatus, 

We were fortunate in having at our disposal, through tlio kindness of Dean 
Bovey, the facilities afforded by the hydraulic laboratory, where the large experi- 
mental tank, 20 feet high and 25 s(piare feet in area, served admirably for a 
reservoir. The tank stood on the bed rock, and was therefore free from vibration 
or disturbance, and after the eddies had died out, occasioned by filling, the water 
was in as completely quiet a state as possible. The water used for the experi- 
ments was supplied from the Montreal mains, and was quite clear. It would not 
have been possible to use distilled water owing to the large quantity required, but 
every precaution was taken in the way of repeated cleaning to have the water 
pare. 

The rest of the apparatus was designed, and for the most part constructed, m 
the laboratory, and served admirably for fulfilling the required conditions for 
carrying out the experiments. Subsequently it was found that by a few simpw 
alterations the method of colour bands could be used as well for the experiments 
with the large pipes. 

Each of the metal x)ipes studied was fitted with a metal trumpet flare to direct 
the flow as it entered, the point of junction being very carefully smoothed so as to 
produce no disturbing action. The walls of these pipes were maintained at a con- 
stant temperature, above or below the temperature of the water flowing througui 
by means of a jacket, through which water was circulated by a centrifugal pump- 
A graduated valve regulated the flow, which was caught and measured in an 
accurately calibrated copper measure. 

Bxpcrinvenlal Results. 

Two tables are 
head of water in 
effect of temperatu 


given, the first showing the eftect produced by increasing t 
slightly increasing the critical velocity; and the second, w 
re between 16® and 86° C. These experiments were made wi 
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to a size of pipe equal to theirs, and the other showing that the observations of 
llevnolds between 4° and 22° (3. give a closer ajipreement with the authors* temper*- 
ature formula than with the formula of Poiseuille. 

The law showing the dependence of the critical velocity on the temperature 
obtained by the authors may be stated thus: — 

P =/ (T) = (1 + '0300T + -OOOrOl-T) ^ ' 
between 15® an& 80"^ C. ; while the law of Poiseuille reads 
(1 ^ -033081 + -002211^) - ' 

between 0® and 45® 0. 

'A^'^vperintents on Streanv-line Flow at Hiffh Velociiiest 

It was found further that the unusually steady conditions obtained in the large 
tank conduced to some interesting results in regard to stream-line flow at high 
velocities. For certain sizes of pipes, over half an inch to as large as the authors 
have yet used, 2 .e., inches, the flow re-formed again to stream-line above the 
critical point of Reynolds, and persisted apparently as the stable flow to velocities 
ranging from 12 to 20 feet per second. Beyond these velocities they were unable 
to go, but in some instances no sign of breaking down occurred at these points. 

Two experiments wore tried, which illustrate clearly that water flowing with 
a perfectly smooth, unruffled surface is in stream-line motion. A circular orifice 
was inserted in the side of the tank, which gave a clear rod-like jet of water that 
issued horizontally under a high head and curved in a parabolic arc under gpravity* 
After allinitial disturbances had died out in the tank a colour band was intro- 
duced by bringing the colour tube to within about 3 inches of the centre of 
the orifice. A clearly defined and sharp line of colour threaded its way through 
the jet of water, shifting slowly from centre to side and back to centre again, 
afieCved probably by slight moVements in the tank. This thread of colour was 
distinctly visible down to the point where the jet of water impinged against the 
waste weir, a distance of 1 5 feet. By introducing an excess of colour a similar 
phenomenon to the breaking down of the stream-line flow in a tube was noted, 
-and the jet became sufiTused wdth colour, broken, and unsteady up to within a foot 
or two of the orifice. On reducing the quantity of colour the stream-lines 
re-formed and the water became smooth, clear, and steady, threaded by the diarp 
line of colour as before. Two sharp-edged orifices were tried, J and inches 
diameter respectively, with coefficients of discharge equal to 0-970. With the 
heads used the highest velocity reached by the outflowing water, calculated in 
tln^usual way from the formula 

V» 0-970 

was 30 feet per second. 


5^ The Interference and Polarimtion of Electric Waves* 
ify Professor G. Quincke. — See Reports, p. 39. 


6. On the Effects of Magnetisation on the Electrical Conductivity of li'on 
and MckeL By Guy Barlow, B,Sc. 

. object of the experiments was to determine whether any simple relation 
exists between the change of electrical resistance and the iiiteusit 3 r df ma^eti^tion 
ju amj uicjjei when magnetised longitudinally. The effects of hysteresis 
magnetic cliange of resistance were also examined. 

Wheatstone Bridge method was employed, with a bridge wire of low 
<?si8tance. The experimental wire was wound longitudinally on a thin rod of 
1901. Q Q 
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wood| tbe * comparison ’ coil being of copper, and wound close to it on the sams 
tebbin. These coib were enclo^ in a gloss tube and placed within the 
magnetising coil which was provided with a water-jacket. 

. Auiiliary coils of German silver were connected in the other, two arms of the 
bridge so os to increase the sensibility of the arrangement. The magneti^tion 
was determined by the ballistic method. Wires of iron, steel, and nickel were 
examined. The curves of * ascending reversals * were obtained for the change of 
resistance and for the magnetisation. A comparison of these curv^ shows the 
manner in which the change of resistance depends on the magnetisation. The 
results obtained by this method showed that the change of resistance is not 
proportional to any single power of the magnetisation, but can be represented by a 
function of the type «I- + AI* + 

Hysteresis loops wore also obtained showing the effect of cyclic variations 
of field on the change of resistance and on the magnetisation in the same 
specimens. Those curves show that the change of resistance vanishes in the cycle 
'when the magnetisation vanishes, but the change of resistance shows considerable 
hysteresis with regard to the magnetisation. 


7. Tlie Injitience of a Maijnetic Field on the Viscosity of Magnctisable 
Liquids, By Professor A. Gray, F.R,S, 


8. The Influence of a Magnetic Field on the Viscosity of Mcujnetisahle 
Solids. By Professor A. Gray, F,B,S. 


9. Mag'netisation of Electrolytic Nickel. 

By James W. Peck arvd Hobert A. Houstoun. 

An account is given of experiments in progress to determine the magnetic 
quality of electrolytically deposited nickel. I’he method of deposition is described, 
and the difficulty of getting adherent deposits of sufficient thickness is pointed 
out. Magnetic measurements (by tlio ballistic step-by-step method) made upon 
the nickel are given, and for purposes of comparison similar measurements for 
specially pure nickel wires are made. These wires contained only from 0*25 per 
Cent, to 0-42 per cent, of impurity (chiefly iron). Values for II, I, B, A;, ft are 
given ; and hysteresis cycles and permeability curves are drawn out. A moving 
coil galvanometer (m recommended by Ewing) is used for many of the ballistic 
measurements, and is found to he very convenient. 


10. A New Form of Permeameter. By Professor F. G. Baily, M.A. 

The apparatus depends on the measurement of the ratio of B to 11 in the 
sample. A complete magnetic circuit i.s formed by two lengths of the sample 
joined by short iron blocks at the ends. Magnetising coils are placed round the 
sample. In one of the blocks is a narrow gap per^iendiculur to the direction of the 
lines of force. Above this is pivoted a pair of astatic magnets. The lower 
mfignet is influenced by the diflerence of magnetic potential between the two sides 
of me gap, the force being proportional to B. Bound the upper magnet is placed 
a small coil in series with the main magnetising coils, which acts on the magnet 
with a force proportional to H. Using the principle of the sine galvanometer, the 
CoU is rotated until the two forces are balanced, the position of the magnet system 

being along the line of the gap. Then fi » ® = f{ff). The coil is shaped to give 

an almost uniform scale through some of arc, and the permeability i» read 
directly on the scale. 
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The scale is calibrated for a standard size of specimen, and tlie talne for anj 
other size is obtaMM by multiplying b^ the ratio. A wide range is obtained by 
using only a part of the magnetising coils when the permeability is high* ^ 

The magnetising force is read on a separate instrument, such as a suitable 
ami^remeter. Regulating resistances, a reversing switch for demagnetising, and 
a switch for altering the range are added. 


11. N’ote on live Coherer, By Professor James fiLYfri, Jf. J., LL,D, 


The object of this note is to draw attention to some experimental results con- 
nected with- ‘‘ordinary filings-coherer, which I can hardly think are new, but 
which I have not seen specially noticed. 

When a coherer is placed in circuit with a battery, and when no current 
passes through it, it is obvious tliat its terminals must correspond to the charged 
plates of a condenser, and that the P.D. between them 
must be equal to the E.M.F. of th<» battery. Eet AB 
be the coherer and C the battery, then the IM). between 
A and B is equal to the E.M.F. of 0. If now A and B be 
connected for an instant by a circuit containing a coil E 
having self-induction, the coherer AB will be found to 
have assumed the conducting instead of the insulating 
condition. This can be tested by switching a galvano- 
meter into the battery circuit and observing the deflec- 
tion. If, however, the coherer AB be short-circuited 
for an instant by a coil having the same resistance as E, 
but wound so as to have no self-induction, the coherer 
does not become a conductor. 

This would seem to show that the discharge of the 
condenser-coherer must be of a distinctly oscillatory nature before the well-known 
effect of coherence is produced. 

The next result I have to refer to depends essentially on the same cause. 

Ijet two coherers AB land CD be included in the same circuit with a 
battery F and a galvanometer or bell G. Also let a Voss machine be placed 
near AB so as to produce an 

oscillatory spark near AB, but F. 

let CD be placed so far away 

as to be beyond the direct ^ 

action of the spark ; then in 
general it will be found that 
when AB becomes a conductor 
suddenly the jerk given to CD 
is sufiicient to make it also a 





conductor, and the galvanometer will deflect or the bell ring. If CD be now 
lapped, the bell stops, although AB has been left untouched. This shows that 
if one coherer in a circuit suddenly assumes the conducting condition all other 
coherers in the same circuit tend to do the same. 


QQ2 
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Skctios B.— chemistry. 

pRBSiDBNX OP TUB Sectiox- Professor l^ERcr F. Fbankland, Ph.D., F.R.S. 


TIlUnSDAY, SKPTEMBmi 12. 

The President delivered the following Address: — 

The Position of British Chemistry at the Dawn of the Twentieth CerUtmj. 

Two circumstances unite in rendering this year especially appropriate for the 
survey and valuation of all departments of British life and organisation — the 
dawn of a new century, the close of the Victorian era. It is a moment when not 
only the nation as a whole, but every group of persons drawn together by what- 
ever bond, and indeed each individual for himself, must involuntarily ask the 
question, Are we progressing or receding, or are wo standing still P Upon us, 
then, who are bound together by the common interest which we have in that 
science to which this Section is devoted there forces itself the question, AVhat is 
the position of British Chemistiy at the present moment, how does this present 
bear comparison with the past, and what are the prospects for the future P 

To bring before you some considerations with respect to the answer which 
should be given to this question, or rather series of questions, will be my 
endeavour in responding to the honour which has been conferred on me of 
inaugurating the work of our Section at this Meeting of the Association. 

it is with no light heart that 1 undertake this task, for there are present hero 
to-day those who.se much longer experience and far more intimate connection with 
the progress of our science render it presumption on my part to address them on 
this subject at all. 

It is v/ell known that the history of British Chemistry, os indeed that ot 
British Science in general, is a very remarkable one : it is almost entirely made up 
of achievements which are the result of private initiative ; and the persons who 
have taken part in the making of this history have, with some notable exceptions, 
not been servants of the State, and have thus differed from the makers of scientific 
history in almost every other country in the world. Thus the opportunities for 
the investigations which are recorded in the ' Transactions ’ of our Chemical 
Society have, for the most part, not been provided out of the public purse, but 
by private individuals or by institutions which have been created by private 
^iieiaction. 

This unique condition of things is well illustrated by taking up a volume of 
the * Chemical Society's Journal ’ and glancing at the table of contents. 

Thus in the volume for 1881, taken at random, we find that, out of the seventy- 
five original communications which it contains, only thii*teen emanate 
Government laboratories, whilst what will surely not a little surprise the scientiiio 
historian of some centuries hence is the circumstance that there are onhr fo^ 
communications from the so-called * ancient seats of learning ’ of the United 
Elingdom, no fewer than three of which are by one and the same investigator. 
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AgaiVf most noteworthy is the fact that as many as five contributions are from 
distinguished amateurs. We have been told, on what many persons regard ns 
high authority, that England is suffering from amateurism in all departments of 
life; and however true this may be as a general proposition, the amateurs of 
British Science, like Gladstone, ^hunck, and Perkin amongst living chemists, are 
assuredly some of the most valued possessions of this country. 

On looking back a quarter of a century into the past it is at once apparent 
how greatly during that short period of time — less than a generation of men — 
have the opportunities for higher chemical training been extended and multiplied 
in our midst. I think I shall not be far wrong in saying that until twenty-five 
years ago practically the only public laboratories in which the higher stuiiy of 
chemistry could be pursued were those of the Royal College of Chemistry, the 
Royal Institution, of University and King’s Colleges, London, the University 
laboratoriefk bf'England, Scotland, and Ireland, as well as those of the Queen’s 
Colleges and of the Royal College of Science in the sister island : to which must 
be added the laboratories of two institutions of a somewhat different type, via., 
Owens College, Manchester, and Anderson’s College, in this great city of the 
north. It is the rajid multiplication of institutions of the Owens College type 
that constitutes probably the most important feature in the higher intellectual 
development of the population of this country during the past quarter of a 
century ; indeed, it may very possibly be found in the futui*e that this constitutes 
the most striking landmark in the history of British intellectual progress during 
recent times. A glance at the following table will show the remarkably rapid 
.growth of these institutions during the last quarter of the nineteeuth century : — 


Opening of University Colleges^ 


University College, London . 1828 

King’s College, London . 1831 

Owens College, Manchester . 1851 

Durham College of Science, New 
castle .... 1871 

University College, Aberystwith 1872 
Yorkshire College, Leeds .* 1876 

University College, Bristol . 1876 


University College, Nottingham 
Firth College, Sheffield 
Mason College, Birmingham 
University College, Liverpool 
University College, Dundee . 
University College, Cardiff . 
University College, Bangor . 


Finsbury Technical College \ . 

Central Institution J ^ ^ 


Guilds 


/1883 

11885 


1877 

1879 

1880 
1882 
1882 

1883 

1884 


Thus the opening of the greater number of these institutions falls within the 
decade 1876-1884. 

The benefits arising from the creation of these numerous institutions have 
not, however, been by any means limited to those persons who have actually taken 
advantage of their instruction, for their existence has stimulated the establish- 
xaent of many other institutions, some of which, like the two Colleges founded 
and mmntained out of the resources of the City and Guilds of London, although 
more limited in their scope, afibrd equal or even greater opportunities for higher 
scientific training in the particular branches which are represented. 

The foundation of these University Colleges and of other institutions for 
mglier education by private initiative, and without a particle of assistance from 
the public exchequer, is quite in keeping with ihe history of a country in which 
It 18 recognised that the Government does not lead, but only follows w^here U is 
drawn or propelled. 

It would certainly be anticipated that such a large addition to the machinery 
Jor higher scientific training as is represented by the creation of these numerous 
Jo^ colleges during the post twenty-five years would have had a marked 
mfluence on the output of scientific discovery in this country. We will endeavour 
Jp ®^ertain whether such a result is discernible in the case of chemical science, 
lurning to the * Transactions of the Cheiqical Society,’ I have compiled the 
roiiowing table in the hope of obtaining some information on this point ; 
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Original Communications in the TransaetionB of the Chemical Society. 


1840 . 

. 29 

1862 . 

. 81 

1850 . 

. 33 

1863 . 

. 51 

1851 . 

. 33 

1861 . 

. 54 

1852 . 

. 28 

1865 . 

. 49 

1863 . 

22 

1866 . 

. 47 

1854 . 

. 23 

1867 . 

. 49 

1856 . 

. 30 

1868 . 

. 47 

1856 . 

. 14 ' 

1869 . 

. 37 

1867 . 

. 14 , 

1870 . 

. 38 

1858 . 

. 30 

1871 . 

. 28 

1869 . 

. 21 

1872 . 

. 32 

1860 . 

. 25 

1873 . 

. 46 

1861 . 

. 32 

1874 . 

. 49 


1875 . 

. 49 

1888 . 

. 75 

1876 . 

. 54 

1889 . 

. 71 

1877 . 

. 58 

1890 . 

. 7? 

1878 . 

. 61 

1891 . 

. 96 

1879 . 

. 84 

189?l . 

. 90 

1880 . 

. 76 

1893 . 

. 104 

1881 . 

. 75 

1894 . 

. 83 

1882 . 

. 65 

1895 . 

. 116 

1883 . 

. 63 

! 1896 . 

. 117 

1884 . 

. 67 

‘ 1897 . 

. 114 

1885 . 

. 86 

1 1898 . 

. 102 

1886 . 

. 85 

i 1899 . 

. 120 

1887 . 

. 88 

' 1900 . 

. 127 


The information furnished by these figures is also presented in a graphic form 
by means of the lower curve in the diagram facing p. 503. 

The activity displayed in chemical research, as measured by the number of 
original communications to the Chemical Society, is, however, best followed by a 
consideration of the aggregate number of papers contributed during the three 
following decades : — 


Decadfi 
1855-1861 
1866-1874 
1876-1884 
1 886-1 8i)4 


Total Number of Papers in 
* Transaetions of Chemical Society * 
362 


422 

641 

847 


From these figures it is manifest, even without the application of any of those 
mathematical processes in which modern chemists are becoming so expert, that 
the most remarkable increase in the number of origipal investigations is indeed 
coincident with that decade, 1875-1884, in which the great majority of the 
institutions to which 1 have referred began to throw their prismatic rays of 
knowledge on many thousands who until then were sitting in shadow or even in 
darkness. 

That these new institutions should have so immediately borne fruit in the 
manner I have indicated cannot fail to be surprising to those who have b^n 
associated with the early years of almost any of these colleges, for when n faithful 
record of the experiences of their first professors is written the extraordinary 
obstacles which these pioneers had to encounter, and which in so many cases they 
successfully overcame, should afibrd material for a most remarkable, instructive, 
and even amusing volume. The worthy founders and their executors or triutees 
appear in general to have supposed that it was only necessary to provide a 
spacious building, and then appoint a staff of professors who were to do the rest, 
whilst the necessity of funds for annual upkeep, for libraries, and for assistantB 
was almost overlooked. 

It has indeed been learnt by bitter experience that the cost of efffciently 
maintaining institutions of this most ambitious character is enormously ffmater 
than was supposed in this country twenty-five years ago, and that founding a 
college, far from resembling the inauguration of a remunerative business, is very 
like entrance into the bond of matrimony, with its attendant annually increasing 
demand upon the pecuniary resources of the paterfamilias. 

It would not indeed be surprising if some of these modem collets had 
long debarred from contributing directly to the progress of scientific investigation 
in this country, for this was often assuredly considered amongst the least of the 
many arduous duties imposed upon their first professors. Ascer^ined capacitv to 
enrich science in some cases almost a presumptive disqualification for tbetf 
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chairBi or at any rate took a back seat beside enthusiasm for eveninfi^ classes and 
faith in the emcacy of that mysterious panacea 'technical instruction.’ It is 
indeed lamentable to think of tue yaluable years of productiye work lost to the 
country through so much of the energy of these early professors having been 
sacrificed to these yeritabie fetishes of our would-be educational reformers. 

jSbtwithstanding the unfavourable conditions under whicli most of these 
university colleges had in the first instance to carry on work, it was not long 
before they showed that they were to become, even during the tenure of office of 
their first professors, important centres for the prosecution of research — at least 
as far as domical science was concerned. Owens College had indeed already 
led the way in this matter before the period witli which I am more especially 
(joncerned to-day, for there the first professor of chemistry had pursued his 
memorable investigations on the organo-metallic comx:>ounds, and had, within the 
first five ye^rs^a^ter the foundation of the College, enunciated that generalisation 
which was subsequently extended into the law of valency ; whilst under his sue-* 
cessors. Sir Henry Koscoe, Schorlemmer, Harold Dixon, and Perkin, jun., the Owens 
College has become perhaps the largest and best equipped school of scientific 
chemistry in the Brit'sh Islands. 

From the Yorkshire College, Leeds, opened in 1875, there proceeded imme« 
diately in rapid succession that whole series of careful investi^tioiis relating 
more especially to specific volume and other physical constants which we associate 
with its first chemical professor, Thorpe, and his coadjutors. 

In the west of England, where the University College of Bristol was opened 
in 1876, the chair of chemistry was first occupied by the man who has so recently, 
once more proved to the world that there are discoveries mode in these islands 
which for striking originality and independence are unsurpassed and hardly 
equalled elsewhere. It was during his tenure of the chair at Bristol that 
llamsay, assisted by his able fellow-worker and successor Sidney Young, carried 
out those important and most laborious investigations on vapour pressure and 
the thermal properties of liquids which not only displayed his extraordinary 
fertility and resource as an experimenter, but also revealed that exceptional 
freshness of mind which has enabled him to discern new methods of attacking 
problems that have already; engaged the attention of many able men before 
him. 

Turning from the west of England to the Midlands, where, in 1880, there was 
founded, through the private munificence of the late Sir Josiah Mason, a college 
bearing his name, which, before even attaining its majority, was transformed at 
the psychological moment, as by the wand of the magician, into the University of 
Birmingham. The first professor of chemistry at the Mason College, my dis- 
tinguished predecessor, Tilden, soon made opportunity there to continue those 
early researches on the terpenes with which liis name will always be associated. 
We find him also further elaborating the important uses as a reagent of nitrosyl 
chloride, which he had a number of years previously shown how to prepare in a 
state of purity, and which has played a somewhat similar part in the exploration 
of the terpene hydrocarbons that phenylhydrazine has done in the elucidation of 
the sugar-group. In addition to these investigations we find Tilden at Birmingr 
ham also turning his attention to some of the phenomena attending the solution of 
salts. The younger men attached to the Mason College also found there the oppoyr 
tunity of enriching chemical science with the results of notable investigations; for 
do we not all remember Thomas Turner’s valuable contributions to our know- 
ledge of the influence of chemical composition on the physical and mechan^al 
properties of cast iron P Whilst early amongst those detailed investigations on 
the phenomena of solution, vhich in recent* years have had such far-rdaching 
effects on the development of our science, must be mentioned Dr. Nicofs experi- 
joents on the volume changes attending the mixture of salt solutions, and on 
the molecular volume, the boiling-point, and expansion of such solutions. 

In the bleak north-east of our island, at Dundee, where a college was founded 
? 1882 with an extremely h^dsome endowment by members of thp Baxter 
amuy, the first professor of phemistry, Cfttnelley, fiTe4 by that rpstle^ and 
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perfervid energy wliicL doubtless hastened his untimely end, soon found oppor- 
tunity to interrogate Nature in various directions, notwithstanding the arduous 
teaching duties which his insatiable love of work had imposed upon himself. Thus, 
already in 1884, we find him, in his quest for material which should throw light 
on the periodic relationship of the elements, continuing his laborious wo^k on 
melting-points and publishing those two ponderous quarto volumes in which every 
known melting-point was recorded, and forming truly one of the most remarkable 
compilations ever attempted in our science. Of these volumes he might indeed 
have said, * Exegi monumentum asre perennius,' for they will assuredly prove a 
record of the boundless energy which characterised the inan, more im^rishable 
even than the memorial tablet erected by bis admiring students and friends in 
the entrance hall of the Dundee laboratory, which he built and loved so well. 

Yet another chemist, whose untimely death we have had to lament during the 
past twenty years, laboured with marked zeal in one of these new colleges, for it 
was at Aberystwith that Humpidge, regardless of his delicate health and in spite 
of the altogether uni'easonable burden of teaching duties imposed upon him by the 
terms of his appointment, contributed to our knowledge of the atomic weight of 
beryllium, and participated in establishing the position occupied by that metal in 
the natural classilication of tlie elements. 

Time does not permit me to further dilate upon the great activity displayed by 
many of the first occupants of the chairs of chemistry iii these provincial University 
Colleges. It is also unnecessary for me to do more than remind you of the work 
accomplished by the two Colleges of the City and Guilds of London, the chemical 
laboratories of which have from their very inception Ijeen under the stimulating 
influences of Dr. Armstrong and Professor Meldola, foci of research from which 
a number of young chemists of distinction have already emanated. 

In recent years we have witnessed the genesis of another class of institution, 
less ambitious in their aspirations than the University Colleges, but indirectly also 
of much importance in their bearing upon the nurture of scientific chemistry in 
this country. I refer to the so-called Polytechnics which have sprung up in several 
parts of the 3Ietropolis, and to some other institutions of similar scope in different 
parts of the country. If research in the University Colleges has been the product 
of their professors rather than of the environment which they affor^, assuredly 
this is even far more so in the case of these Polytechnics, which are primarily 
evening schools for the benefit of those who have other occupations during the 
day. That the young lecturers on chemistry at these places should find time and 
opportunity for original research, and that sometimes of a very high order, is 
indeed a Drilliant testimonial to their indomitable energy and resourcefulness. 
Overburdened with large classes until late hours at night, often in those remote 
and hideous parts of London which suggest to most of us only Slumland and the 
philanthropic eflbrts of Toynbee Hall or of Dr. Barnardo, these young chemists 
awake in tne morning only to return as rapidly as possible to those laboratories 
which exercise on them a fascination as subtle and magnetic as tliat which draws 
the commonplace Englishman to the golf-links, the cricket-field, or the racecourse. 
It was in the laboratory of such a technical school, the Ileriot Watt College, at 
Edinburgh, that my distinguished predecessor in this chair, my friend Profei^or 
Perkin, created his opportunities for devising and carrying out those now classic^ 
methods of building up carbon rings which are the admiration of all organic 
chemists throughout the world ; methods which he has recently brought to such 
a pitch of perfection that he is not only able to forge these rings in great varietVi 
buftto * bridge ’them with links of carbon atoms. It was at the Heriot W^t 
College also that his work on berberin was performed, and it was here that he 
contracted that fertile alliance with Dr. Kipping, his able coadjutor in so many 
valuable investigations. ^ 

At the London Polytechnics, again, more recently, we have had similar 
examples of fertility, for are we not all familiar with the masterly work of Mr* 
W. J. Pope, who by his investigations at the Goldsmiths’ Institute hw^ extewed 
our knowledge of asymmetric atoms, and has shown that optical activity. 
h|^rto ]^a)l oply ll^ep as^opiat^d vdtji carbon, and somewhat doubtfully witu 
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nitrogen^ can certainly be produced, not only by asymmetric pentad nitrogen, but 
also by tetravalent tin and sulphur P Dr. Hewitt, again, whom I am proud to 
number among my former students, has shown that the laboratory of tlie People’s 
Palace, Whitechapel, may be made a centre in which abstruse investigations on 
the arpmatic compounds can be carried on. 

There is, however, perhaps nothing which testifies more strongly to the zeal 
for original investigation amongst llritisli chemists than the manner in which 
some of the scienle masters at our schools have participated in the advancement of 
chemical knowledge. Some of these schools have, indeed, from time to time secured 
the services of men whose name? are indelibly engraved on the records of scientific 
chemistry, and it is from the laboratories of these schools that in some cases 
perhaps their best work has emanated. Of thti chemical investigators who have 
laboured in school laboratories there occur to me, amongst the living, Debus and 
Clowes at Qtt^'dtnyood, Tilden and Shenstone at Clifton, Piirdie at Newcastle- 
under-Lyme, Brereton Baker at Dulwich, Obarles Baker at Shrewsbury. To these 
names might be added many more ; indeed an examination of the list of Fellows 
of the Chemical Society shows at what a number of schools throughout the 
country the chemical teaching is now imparted by men who have themselves 
advanced the science which they profess. 

From the conspicuous instances which I have brought before you — and they 
might, did time allow, be greatly multiplied — it must be obvious that if a chemist 
only possesses the necessary eutliusiasm and qualifications he will, no matter how 
inauspicious his surroundings, succeed in doing sometliing to extend the 
hounaaries of his science, and I think I may go further and say without fear of 


contradiction that in this devotion to research the chemist in tliis country usually 
throws into the shade the representatives of other branches of science. How is 
this pre-eminent zeal of the British chemist to be explained P 1 believe that 
there are two principal causes in operation which have brought about this result. 
Firstly, the great majority of the higher chemiwil teachers in this country have 
been trained in Germany, or have been trained by men who were themselves 
trained there ; and secondly, they have only in exceptional cases been educated at 
the ancient seats of learning. Their inspiration and enthusiasm are almost in* 
vu'iably directly or indirectly* traceable to a German origin, and this fire is kept 
alive by their remaining in constant touch with German chemical literature. 

It is being continually impressed upon us in the newspapers and dinned into 
our ears from every platform that it is imperative for this country to approximate 
more to German ideas and methods, and in general to cast away our insular pre- 
ju^ces, obstinacy, and self-satisfaction. We chemists have already done toeso 
things; we have emancipated ourselves from the mischievous illusions which have 
a tendency to thrive in a country enjoying an isolated geographical position. For» 
during the last half century the academic springs of Germany have been visited 
V. ft stream of young English chemists, a stream which, for the perennial regularity 
of its flow, reminds one indeed of the pilgrimage made by our fashionable invalids 
fo the same country in the hope of correcting the eflects of high living by the 
watew of Ilomburg, Kissingen, and Wiesbaden. There must indeed be few 
chemists who return from the German temples of science without bringing back 
at least a spark of the sacred fire to be kindled on an altar at home ; and altnough 
ftt times it may be stifled by the island fog, or burn low through the scarcity of 
gftneriJly smoulders long before going out altogether. 

The chemist, again, is generally, as I have said, unfettered by an English uni- 
jerwty record: he stands or falls by the work of his life, and not, as somauy othprs 
<to, by the reputation which they have made in three short years of adolescence at 
^ancient seats of learning. 

The spirit of research, which was formerly but a sporadic manifestation within 
wells of these venerable institutions, has, however, now become endemic there 
80, and for number of years past chemical literature has received a continuous 
th ®*'i 8 inal communications Irom Oxford and Cambridge, as well as from 
ti ® ^^^^prsities of Scotland and Ireland. Instead of those occasional contribu- 
“* which were customary in the past, we have now evidence that these centres 
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in several cases yield to none in the em^rgy and success witli which chemical in. 
vi^tigation is being pursued, and that the work of the chemical stall* is beimr 
shared in by advanct*d pupils trained at the>u* univeraitios themselves. In this 
connection it is qiiitf uniiecovssary for me to remind you of the contribiitioiiN to 
British chtunistry within rt'cent years by Crum ISrown and hi ' pupils at EdinhiiigL 
by Japp nt Alx'rdeen, by Puixiie and James Walker at tl»e duplex uni\1}rsity 
now working so harmoniously north and south of the 'fa}, by hhnerson lioyiioldii 
at Dublin, and by Ilaicourt and Harold Dixon, IJveing anil Dilwar, iLubemann, 
lleyeock and Neville, Fenton, Sell, Marsh, and others, who have brought, our 
science into such living prominence on the banks of the Cam and the Isis. 

It is, however, not at home only that British chemists have displayed their 
devotion to research, for witli the world-wdde relations of the empire it has 
naturally fallen to the lot of some of our number to carry the science to the utter* 
most parts of the earth, but it is surely a matter of which we may be justlv proud 
that some of these missionaries, like Mallet t, Liversidge, Podler and lunme, have 
in these distant lands carried out a number of most important scientific investigs- 
tioDs ; whilst to one of them. Dr. Divers, belongs the great distmctiooi not only 
of having carried chemistry to the Far East, but of having reared a most active 
school of chemical research in that fascinating island empire of the rising sun sod 
the chrysanthemum which has won the unfeigned admiration of the West. 

The annals of British Chemistry are, however, by no means an exclusive record 
of the exploits of tliose engaged in the teaching or our science. 1 have already 
referred to the importance of the contributions made by men of leisure, but an 
equally noteworthy feature of Bl'ltish C'hemistry is that its progress has been so 
ofkm furthered by men who have snatched the time for investigation out of a busy 
professional or industrial life. Belonging to this category the names of a long line 
of distinguished chemists of our own time suggest tliemselves : Warren de la Hue, 
Hugo Muller, Sir Jolin Lawes, Sir William Crookes, Sir William Abney, Peter 
Griess, Newlands, (TSullivan, Horace and Adrian Brown, Harris Morris, 
Cross, and Bevan. To this group of chemists belongs also Dr. Ludwig Mond, 
whose technical researches have been of such great value to industrial chemistry, 
whilst his devotion to the pure science is attested by his interesting discovery and 
investigation of the metallic carbonyl compounds, nii^ by his conception and muni- 
ficent endowment of the Davy-Faraday Laboratory, in which such unique oppor- 
tunities for research have been provided by him. 

This would appear to be the most fitting moment also to refer to certain other 
institutions intended for puqioses of research which have been established during 
the past twenty-five years. Of these the first is the Hothamsted Laboratory, so 
celebrated during the last half-century for the memorable investigations of Lawes, 
Gilbert, Pugh, and Warington, but wliich has more recentl}^ through the generosity 
of the late Sir John Lawes, been rendered a permanent homo for the elucidation of 
agricultural problems both by laboratoiy experiments and by trials in the field. 
Secondly, there is the Research Laboratory which the Pharmaceutical Society 
has established with the view of raising to u higher level the chemical education 
of its most promising future members. Tliis laboratory has furnished the 
opportunity for the valuable investigations of its first director, Professor Dun- 
stan, and of his successor, Dr. Collie. Still more recently a chemical rewarch 
laboratQ^ has been established in the Imperial Institute. That noble building 
has within the last few years undergone a process of transverse subdivision, one- 
half having assumed an independent existence aa the nucleus of that still crystal- 
lising bodv, the University of London ; whilst in the remaining half the work of the 
Institute is now carried on in such silence that we have almost forgotten its exist- 
ence. ‘For where is the florid music with which on summer nights the air of 
South Kensington was wont to reverberate ? Gone. Gone also are the tea-tables, 
the gardens with their million fairy lights, and the promenading crowds in gay 
attire. But if the Institute, founded bv public subscription to wat^ over and 
advance the prosperity of tbe British dominions, has been impoverished by 
discontinuance of these revels, it has become enriched and has gained indignity oy 
the creation within its walls of a Research Laboratory in which Professor Dunstan ana 
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his assistants are busily investigating the chemical nature of numerous interesting 
products obtained from all parts of Greater Britain. 

^ There can, in my opinion, be no doubt that this much extehded cultivation of 
scientific chembtry in this country, which is suck a noticeable feature of the con- 
Icluding years of the nineteenth century, has been greatly assisted by a most fortu- 
nate, dha more or less accidental, circumstance, without which the energy and 
[enthusiasm of our chemical teachers would have been seriously restricted in their 
linfluence. I refePto the very substantial surplus, producing an income of 6,000/. 
ito 7,000/. a year, of which the Commissioners of the 1851 Exhibition found thom- 
; selves possessed, and its utilisation on the advice of the late Lord Playfair for 
the purpose of the llesearch Scholarships which have for some ten years past been 
so highly prized by all the educational institutions permitted to participate in 
them. The good wrought by tliese scholarships has been very far-reaching, and it 
would be difficult to praise too highly the wisaom displayed by the Commissioners 
in drawing up the conditions on which they are awarded. Firstly, by not limiting 
them to any one science, they have stimulated a wholesome rivalry between 
departments to bring on their promising students to the level of scientific investi- 
gation. Secondly, they have compelled the governing bodies of educational insti- 
tutions to recognise and make provision for research os part of the regular pro- 
gramme of these places. Thirdly, they have encouraged talented students to 
devote an additional year, or even more, to their education in the hope of securing 
one of these prizes ; and these students have thus provided their teachers with the 
permnnel necessary for carr^jring on scientific work; Fourthly, the scholars them- 
selves have had the inestimable advantage of extending their horizon, and of 
coming in contact with other teachers, other schools of thought, and other views 
of life. Fifthly, these scholars on their return, and before they have obtained 
definite employment, are welcomed as supernumeraries in English colleges, where 
they liave an oppoilunity of continuing their researches, and wliere they assist in 
imliuing the students with the spirit which they have themselves imbibed. Lastly, 
these and other scholarships of a similar character are providing the country with a 
body of highly trained men whose value to the nation is annually becoming more 
appredated, and whose work will continue to bear fruit directly or indirectly for an 
indefinite period of time. Th^se h]xhibition scholarships have now been awarded 
since 1891, and already no fewer than sixty-five chemists, including three women, 
have enjoyed the enormous ijrivilege of extending their education for a period of 
two, and in special cases oven three, years under the most favourable sur- 
roundings. 

Bearing in mind the rooted objection which pervades the people of this country 
to expend any public money on higher education, it is marvellous tbat it should 
have been possible to employ this fund, which after all is of a ^uasi-public character, 
for what may be described as educational use at a high potential, instead of its being 
dissipated in the manner so dear to Englishmen, by ^nefiting to an infinitesimal 
extent a much larger number of persons, ludeed, but for the vertebrate cha- 
racter of the Commissioners in 1877, the fund would have been thus frittered away, 
lor m that year they were waited upon by a deputation of influential persons who 
^ged that the money should he distributed in grants to provincial museums. 
™d that been done what would have been the result ? The masses would 
ft few more glass cases to gaze at on wet days and bank holidays ! 

Inere can, I think, bo little doubt that in this matter of the allocation of 
H ® ^^^fended for the public good we have reached a turning-point in the road 
mch we have been so long pursuing. Until recently it has been the feeling of^a 
^ majority in this country that public money should only be spent in 

tinn f ^ directly benefit very large numbers ; and in the case of dduca- 

it was only their utilisation for the benefit of the masses 
0 at could be entertained. Now-, whilst it is indubitable that the improvement. of 
ftdftcfttion was for many years a crying necessity, it has long been 
I cation^* ^ ft minority that this policy is systematically starving that higher edu- 
which ^ behind those other countries in 
“ greater elaaticity prevmls, and in which the immediate and obvious wants 
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of the community receive prompt attention without regard to the traditions and 
doctrinaire principles of a past generation. In the matter of higher scientific 
education, at any rate, it is becoming more and “ more widely recognised that its 
starvation through attention being exclusivolv directed to the low-level education 
of the masses is defeating the very ends which this policy has in view. Indeed, 
some nractical men, and even a few statesmen, realise that the many are begfinning 
to suiter from the i*esults which this policy has had on o6r manufactures and com- 
merce, without w^hicli the multitude can have no existence at alf. 

The more than princely patronage of higher education by that Scotsman who has 
not forgotten the land of his birth during fifty yoj^rs spent in a country which has 
afibrded the necessary scope for his genius and energies illustrates the change in 
the wind of opinion amongst practical men ; for Mr. Andrew Carnegie’s handsome 
contribution to the funds of the University of Birmingham, and his endowment of 
the universities of Scotland on a scale which is altogether without precedent,, 
clearly show which, in his opinion, are the mugs in the educational ladder of this, 
country that require strengthening in the interest of those very masses which it is. 
his earnest desire to benefit. The still more recent response of the City Council 
of Birmingham to Mr. ( 'harnberlain’s suggestion that a rate should be levied iot 
aid .of the university of that city is further evidence that Mr. Carnegie’s practically 
expressed opinion is shared by the enlightened rulers of that great municipality to 
which I have the privilege of belonging. 

These, ladies and gentlemen, are, 1 believe, no mere sporadic manifestations, but 
unquestionably signs of the times. The opening of the new century is in reality 
a year of very serious awakening to those Englishmen who are not deaf to the 
voices in the air around them. It is rapidly dawning upon many that * the 
greatest empire which the world has ever seen ’ cannot & maintained unless we 
cast oif insular prejudices and traditions, and make a careful study of those points 
in which other nations are our superiors, with a view to the intelligent adaptation 
and development, as distinguished from mere imitation, of their methods to our 
own particular needs. 

The survey of the British chemical world at the dawn of the twentieth century 
afibrds, however, scope for satisfaction in many ways. Not only have the places 
in which higher chemical work can be and actually is carried on been greatlv 
multiplied, but the number of workers has been largely increased ; and although 
tbe enthusiasm of these workers cannot well be greater than that of those wb^ 
laboured so successfully twenty years and more ago, it has not become diminishe< 
and is certainly difiused more widely amongst tbe •personnel of our colleges an 
universities, tn this connection 1 need only remind you of the large number c 
active and independent investigators who are to be found amongst the membei 
of the junior stafi* at almost every college in tbe country, and which is altogethc 
without parallel in the past. 

There are hardly any of the great problems now exercising the minds < 
chemists throughout tbe world which are not being worked at Iry some of oi 
number ; whilst that some chapters in the recent progress of chemical science ai 
more or less specifically British, 1 would only remind you of the isolated labours < 
Dr, Perkin in the field of magnetic rotatory power ; of Sir William Crookes’s exph 
ration of the phenomena occurring in high vacua ; of tlie researches of Ahne^ 
Bussell, and Hartley on the absorption spectra of organic compoupds ; of tl 
investigations by Harold Dixon and Brereton Baker of the behaviour of su^tance 
in the complete absence of moisture; of the extension by Pope and Smiles < 
oqT knowledge of asymmetric atoms ; of the near approach to the absolute zei 
of temperature by Dewar; and of those marvellous discoveries of Baleigh an 
Bamsify which have not only introduced us to five new aerial elements, but hav 
revealed tbe existence of a hitherto unknown type of matter, which is apparent! 
inci^ble of entering into chemical combination at all. 

But whilst we may thus congratulate ourselves on this increased activity i 
chemical investigation, and upon the maintenance of a high standard of quality b 
tbe exceptional brilliancy of the researches of some of our number, we must noi 
carefully consider how we stand with regard to the absolute quantity of our output 
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1 batre called your attention to the evidence of activity in the British chemical 
world which is furnished by the number of original investigations communicated 
to tbe Chemical Society of London. Let me now ask you to turn to the corre- 
epondiog picture, which is furnished by the statistics of the much younger 
Chemical Society of Berlin. 


. Original Communications to the Chemical Society of Berlin. 


1868 . 

. 97 

1877 . 

. 568 

1886 . 

696 

1895 . 

. 636 

1869 . 

. 252 

1878 . 

. 602 

1887 . 

708 

1896 . 

. 566 

1870 . 

. 277 

1879 . 

. <->04 

1888 . 

658 

1897 . 

. 560 * 

1871 . 

. 288 

1^80 . 

. 563 

1889 . 

601 

1898 . 

. 555 

1872 . 

. 303 

1881 . 

. 495 

1890 . 

630 

1899 . 

. 549 

1873 . 

. 420 

1882 . 

. 541 

1891 . 

677 

1900 . 

. 636 

1874 . 

. 516 

1883 , 

. 635 

1892 . 

553 



1875 . 

. 488 

1884 . 

. 646 

1893 . 

587 



1876 . 

. 517 

1885 . 

. 686 

1894 . 

653 


i 


A comparison between these figures and those of the London Chemical Society 
IS best effected by means of the diagram, which speaks for itself, and shows that 
chemical science occupies an entirely different place in Germany from that wliich 
it even now does in this country. The curves in the diagram bear, indeed, some- 
what the same relationship to each other as do the homely elevations of the 
Grampians to the snow-clad peaks of the Andes. 

Is this state of affairs to continue throughout the twentieth century ? Are 
intellectual ambitions to be for ever subordinated to the extension of territory’, to 
the acquisition of that metal which has had its atomic weight so accurately 
determined by Thorpe and Laurie, and to those other problems which fill the 
political horizon P Even the most recent awakening of interest in higher scientific 
■education is not altogether of the breed to satisfy us as men of science ; for the 
interest is assuredly not in tbe pursuit of knowledge for its own sake, but is 
aroused by the desire to secure those material advantages which it Is beginning 
to be realised must inevitably result from the steadfast prosecution of scientific 
research. This is indeed a very different spirit from that which bos led to the 
proud ^sition occupied by science and leariiing of all kinds in Germany. 

Schiller has truly said — 

‘ Knowledge is to one a goddess, to another only an excellent cow.* 

I fear there can he no doubt that here it is the cow, and not the goddess, that is in 
request. Thus, whilst in Germany the love and revemice for knowledge preceded 
the esteem of knowledge for the material benefits which it confers, we must hope 
that in our country the eagerness to secure the material advantages will perhaps 
to a love and reverence for that which confers them, so that in the course of 
time, perhaps, the useful cow will be allotted a stall on Olympus, or be at least 
pastured on the grass of Parnassus. 

From whatever motive, whether utilitarian or otherwise, we wish to see the 
position of science in this country raised, and the qualitative and quantitative 
output of scientific work increased, I imagine that the methods to be immediately 
pursued for attaining this end must be very similar. 

If the higher teaching of science is to be really encouraged the first necessity 
is that this higher teaching shall offer a sufficiently attractive career to the mafi of 
ambition as well as to the enthusiast. We all know that the supply of enthusiasta 
of intellectual power combined with capacity to perform is extremely limited and 
wholly inadequate fbr carrying out the important work of the world, and that the 
groats part of such work is actually done by men of ambition. 

In order that the academic world may attract the ablest men of ambition as 
as that rara .amSy the able enthusiast, it is necessa^ that the highest prizes 
for academic dbtinction should carry similar social prestige, similar remuneration, 
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aiid similar opportunities of exerting public ipRuetice as are enjoyed by the leaders 
of other professional callings: they should be at* least equal to those of the 
Archbishop of Canterbury or of the Lord Chancellor. It is not by any means 
necessary that such prizes should be numerous, as is abundantly demonstrated by 
the Tolume of able ambition which is drawn into the Church and to the Bap by the 
comparatively few opportunities for great success in those professions. The 
enthusiasts already iiiid their way into the academic Vorld ; and, although they 
maintain the quality of British scientific work, they are unable, by virtue of 
their scarcity, to maintain the quantity which is essential for the luxuriant growtli 
of science in our midst, whilst the absence ,of such tan^ble rewards as are 
bestowed in other spheres of intellectual activity prevent the importance of science 
being recognised by a public which has no appreciation of the inward and spiritual 
grace unless guided by the outward and visible sign. 

Precisely the opposite policy, as far as remuneration is concerned, has, however, 
been pursued in the academic world during recent years, the few very moderate 
prizes which formerly existed having been deliberately commandeered to more 
nearly equalise the value of the chairs in all departments. 

The principle of equalising the remuneration of different chairs is as inequitable 
as it is utterly unsound from a business point of view. The principle is unsound 
because equal salaries will not secure men of similar standing in diflerent subjects, 
it is inequitable because the amount of work attaching to the chairs of diflerent 
subjects is necessarily very unequal, as is the order of intellect required for the 
succtrssful discharge of tlieir duties. 

Again, the system which is gaining ground in this country of allocating a 
certain stipend to a chair is unbusinesslike and mischievous. It is as irrational to 
fix the remuneration of a particular chair as it would be to fix the price to be paid 
for one’s portrait, irrespectively of whether it were taken by a photographer or 
painted by a Koyal Academician. If we really want tlie best man lor any 
particular professional service, whether it be to treat us for a disease, to plead our 
cause in a court of law, or to perform on some musical instrument for our delecta- 
tion, we know that we must make up our miuds to pay the price which the best 
man commands in his particular profession, and it is absurd to suppose that the 
same principle does not hold good in the matter of securing the best man for an 
academic appointment. This, again, is intimately connected with the desirability 
of providing a suflicient number of stops in the academic ladder, so that it shall 
not be possible for the ‘ young man of promise ’ to be rushed into a hrst-class 
appointment from which he has no ambition to move for the remainder of his 
days. 

Another matter, again, requires consideration : if we are really in earnest in- 
the attempt to bring our universities abreast of those in other countries, our chairs 
must be systematically thrown open to the whole world, and the best jnen 
obtainable secured, irrespectively of their nationality. Not only have small 
nations adopted this plan, but even the nation which is pre-eminent for its 
academic strength is by no means blind to the importance of drawing into its 
service from the outside men of commanding brilliance and power. I need not 
remind you that England has also exhibited a wise and liroral spirit in ibis 
matter in the past, and that, as fur as our science is concerned, this policy has been 
most fully justified. For, consider only what the English Chemistry of the latter 
half of the nineteenth century owes to the genius and magnetic influence of the 
imported Hofmann. I can imagine the electors to British chairs suggesting that 
there might be linguistic difficulties in the way of carrying out such a pohey^ ^ 
answer to which 1 would appeal to the pupils of Ilofmann to say whether his 
stimulating discourse lost anything of its vigour and inspiration through the 
strong Hessian accent with which every word of it was saturated. It is to be 
hoped that no narrow and short-sighted policy, disguised under that too often mis* 
used word ^ patriotism,’ will seek to close the doors of our universities to the genius 
and ability of other nationalities. 

I believe, however, that one of the most urgent and pressing of University 
reforms is that greater facilities should be afforded for the migration of students 
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from one -univerMty to another, without prejudice to their acquisition of a de<?ree. 
It is the present system, which practically chains an undergraduate with links 
of steel to the university at which he matiiculates, that is at the root of many of 
the evils under which our higher education is labouring. 

The university at which a youth matriculates is often determined by the 
fatuouS, although pathetic, wish of the father that his son should spend his time, 
I will not say work, afhidst the surroundings which awaken such pleasant 
memories in himself ; and the youth once within the magic portals has little or no 
opportunity of rectifying the possible mistake of his fond parent, who has probably 
for a quarter of a century been quite out of touch with university matters, or even 
divorced from the intellectual world altogether. 

This foolish sentiment of loyalty to a university or even college is sometimes 
kept up for generations, and I have met persons who have told me that their 
family had always been Balliol or Trinity men, with the same sort of pride that 
they would doubtless have informed me, had they been able, that their ancestors 
came over with the Conqueror or had charged with the Cavaliers at Xaseby. 

The prevahmce of such a sentiment shows that our universities are principally 
valued for their socia’ attractions, as well as for their past histoiy and ancient 
traditions, in which connection it is always well to remember that a living dog is 
better than a dead lion. 

The possibility of students dissociating themselves from the university of their 
matriculation and freely migrating from one school to another woul^ in my 
opinion, not only be of immense advantage to the students themselves, enabling 
them to obtain the best instruction in each particular subject and greatly 
extending their horizon and knowledge of the world, but it would operate most 
favourably on the universities themselves, minimising the tendency to stagnation, 
and compelling those who hold the purse-strings to provide for the strengthening 
of weak departments. Nor should the possibilities of migration be limited to the 
Universities of the United Kingdom or even of the British ^Empire, but the prospect 
should be kept in view of ultimately ejecting an arrangement whereby students 
could enjoy the advantage of visiting the universities of other countries. 

Such migration is, of course, closely connected with the duration of the period 
of university study, and in ^his matter reform is most urgently needed. The 
traditional three years devoted to the acquisition of a degree is hopelessly 
inadequate for the higher purposes of university training, especially when the very 
immature age at which English students generally begin their university career 
is taken into consideration. The period of academic study should be forthwith 
extended to five years, as it is only in this way that the university can be effec- 
tively made a centre of research. Without a course of study of such duration, 
and of which research forms a part, it is quite impossible that the highly trained 
men who are now so urgently needed for practical avocations should be 
produced. 

In this connection, again, w'e all know that mucli mischief has been going on 
in recent years. Instead of die terms on which degrees are at present obtainable 
being regarded as too lenient and easy, proposals are actually l^ing put forward 
in some quarters to enable persons attending evening classes to thereby qualify for 
university degrees. Now, whilst it is of the utmost importance to provide 
abundant opportunities for the talented poor to obtain a university education by 
reducing the fees and by instituting a sufficient number of bursaries, it is impera- 
tive that those who are to be stamped with the distinctive mark of a university 
should have devoted their whole and undivided attention, over a certain period of 
time, to the courses of study prescribed. Let us beware of introducing the half- 
time system into the univerMty, a system which we know to be a deplorable 
Makeshift even in the elementary school. 

In this matter of the aspirations, scope, and functions of a university we have 
not merely to contend with the ignorance and apathy of the average Philistine, 
hut we are wrestling against principalities, against powers, and against darkness in 
^gh places. Thus onfy four months ago one of our most prominent statesmen, 
'^nose oracular and sporadic utterances inspire amongst millions almost the 
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awe and respect which is felt for the supernatural, is reported In the columns 
of the daily papers to have said at one of the most important educational 
^therin^s of this first year of the now century; — ‘You, Mr. , Vice-Chancellor, 
spoke of the stigma that would rest on the University if it did not annually 
produce some work of original research. I, from another point of view, am 
contented if you do nothing of the kind. 1 am satisfied to think that in a 
large and inoieasing degree you will train men and women fit for the' manifold 
requii'ements of this Empire.’ Thi.^ statesman, who it is not surprising to hnd was 
educated at Eton and Oxford, is thus of the opinion to-day, unless, indeed, his 
views have changed in the interim, that it is possible to train men and women fit 
for the manifold requirements of this Empire without bringing, at any rate, some 
of ihW into contact with the living spirit of research — that spirit which, operating 
through the ages, has enabled man to transform the wilderness in 'which he was 
placed by his Creator into the garden of material and intellectual enjoyments in 
which that statesman was himself born. 

I would ask you to contrast with the views of the distinguished alumnu$ of 
Eton and Oxford the utterance of another statesman who, unhampered by such 
educational antecedents, has formulated the following ideal for the guidance of 
that university which he has himself created : — 

‘The third feature to which 1 sliould call attention, and which, I am inclined 
to say, is of all the most important, is that a university should be a place where 
knowledge is increased, and where the limits of learning are extended. Original 
research, the addition of something to the total sum of human knowledge, must 
always be an essential part of our proposals.’ 

Lastly, we havtJ to consider whether this university w'ork, in which we hope 
for such great developments in the twentieth century, is still to be carried on by 
what is virtually private enterprise and private endowment, or whether it is to be 
provided for by taxation. 

If the reforms and developments which are being preached from so many 
platforms are to be really carried out, if even our higher scientific training alone is 
to be brought into line with that which is provided in many other countries, it is 
indubitable that expenditure will have to be enormously incroa.sed. Now, 
profoundly as wc all admire the enlightened public spirit of the men and women 
who have in the past endeavoured out of their private resources to help forward 
the great movement of higher education, it is, 1 believe, the firm conviction 
of all who have any real knowledge of what this higher education means, 
and a clear conception of what must bo done in order to put it on a proper 
footing in this country, that on private benefaction alone this work cannot be 
accomplished. But even if private endowment could raise this great edifice 
in our midst, it is obvious that wo should have to wait indefinitely for its 
realisation. Voluntary contributions cannot be made to come at the bidding of 
those who stand in need, nor directed into the channels where they will produce 
the most good ; they have to be patiently waited for, with the reslilt that valuable 
time is lost and opportunities pass by never to return. Private benefaction, 
moreover, is almost always retrospective; a hospital is not founded by the chari- 
table until the sick are dying unattended ; almshouses and orphanages are not 
thought of until the widow and the fatherless are either starving in the streets 
or begging on the doorstep. What we so forcibly recognise in this matter, 
however, is that we have not only to make up for leeway in the past, but that we 
must now exercise prevision to prevent similar disastrous lapses in the future. 
The state of afiairs to which -we have been reduced must not be allowed to occur 
again; the warnings of those possessing special knowledge in these matters must 
not be disregarded in the future as they have been in the past, for it is no 
exaggeration that the whole of the learned societies and academic bodies of ^is 
country put together have at present a smaller^ corporate share of political 
influence than a Temperance League or a Trades Union. To what has this state of 
things reduced us ? The humiliating spectacle of ‘ the greatest empire the world 
has ever seen’ at the beginning of the twentieth century without a teaching, 
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university in its Metropolis, and engaged upon the task of tardily patching one 
together put of those hetero^neous elements of uncertain valency which are to 
hand. Is the completion of this structure, on a scale challen^ng comparison with 
the universities which are to be found in the other ^eat capitals of Europe, to be 
delayed until a millionaire, ur rather series of millionaires, can be induced to 
finanbe it P To this work, and to other works like it, is it not fitting that every 
inhabitant of this coiBitry sliould contribute? For these are works which 
HflftiirftHly benefits all classes, not only of this generation, but of those which are to 
come — at least as much as the acquisition of territory at a distance of 8,000 miles 
from home, and for which pui^se the nation is apparently willing to pay at 
the rate of one and a quarter million sterling per week for an indefinite pfriod of 
time. 

It is sometimes ui]^ed that this higher education does not benefit the masses ; 
but could any contention be more erroneous ? The poor have really a far greater 
stake in the prosperity of our home industries and commerce than the rich ; for 
whilst the decay of our producing power will remove the very means of subsist- 
ence from the poor, it matters very little to many of the rich whether their 
dividends are deriv^ from home-enterprises or from those of a Billion Dollar 
Combine or some similar transatlantic Trust or Corporation. 

Higher education and true universities are also amongst the most potent factors 
in breaking down the hereditary stratification of society and in minimising the 
advantages depending upon the accident of birth, so that, with the greatly 
enhanced facilities which must be provided for students without means, they 
should afford in the future, even more than they have done in the past, an avenue 
for the humblest boy of talent to that position which he is by natural endowment 
and by his own exertion best fitted to fill in the interests of the State. 

Is this great work of raising up a worthy system of national higher education, 
and of creating a living interest and widely difiused enthusiasm for knowledge and 
for the increase of knowledge in all its branches, going to be accomplished during 
the century of which we have but crossed the threshold P Even the most sanguine 
among us dare not unhesitatingly say Yes ; but assuredly upon the answer, which 
is hidden by the veil of the inscrutable future, depends in the very highest degree, 
not only the material and intellectual welfare of the rising generations, but also 
the good name and reputation of the Empire in our own time and the gratitude 
which, above all thin^, we should strive to earn from that immortal part of us 
which we cidl Posterity. 


The following Papers and Report were read ; — 

1. Dv^y-free Alcolhol for Chemical Research. By W. T. Lawrence. 

* 7%e presevU oecoiion seems opportune to direct attention to the fact that one of 
the most familiar ^ most readily procurable^ and most cheaply produced of all organie 
material %e placed beyond the reach of many students by the heavy duty levied upon it. 
Ifay J, in the name of teachers of organic chemistry ^ appeal to the Board of Inland 
Mwenve, on behalf of sdentific and technical education^ to provide institutions for 
higher education in science nn*h a limited quantity of pure alcohol free of dvty^ 
thereby placing schools of chemistry in this country in the same position as those 
on the Continent ?' — Dr. Julius B. Cohen, * Practical Organic Chemistry/ Introduc- 
tion, p. vi. 

The remarkable success attained by the Baden Soda and Aniline l^actoxy 
m the modification and commercial adaptation of laboratory syntheses, a 
success which has lately resulted, after some nine years of experimental work, in 
the manufacture of indigo, &c., has demonstrated that organic research work, 
wmeh possessed at the time a merely theoretical interest, may ultimately find 
valuable application in the chemical industry. English manufacturers have 
gi^ually awakened to an appreciation of the value of research, and the chemist 
who has published a considerable amount of original work will conunand a high 
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salary and, having demonstrated his ability to tackle intricate problems, will be 
consulted when difficulties arise. 

To ^ve an example, a large firm of manufacturers in the north of England, 
finding that certain of their comestibles products lost their colour on keeping, 
instead of coiumunicaiiiig with a iirm of analysts, consulted an organic chemist, 
who possessed little or no experience of commercial organic analysis, but 'Whose 
experiments and researches showed that he would consider the question with an 
innate knowledge of the subject, unfettered by rule of thumb. TXe decision of the 
manufacturers proved a wise one. 

The majority of young men engaged in orp^anic research possess restricted 
incomes — £100*- 150 shows a fair average— consequently the expense of materials 
falls heavily on them. Such research frequently demands the use of laine 
quantities of dutiable articles — absolute ethyl and methyl alcohols, methyl iodi£, 
&c. Now the duty on alcohol is a consumption tax the objective of which is 
tersely put in the following sentence from the official Oustoms tariff, ‘ including 
naphtha or methylic alcoliol purified so as to be potable'; but it was certainly 
never the wish of any administration to tax experimental science and the 
industries which result from these experiments. 

A good instance of the absurd length to which the Customs authorities are 
prepared to go appeared a few weeks since in the papers. A collection of 
crustaceans preserved in spirit was sent from India to Mr. Beddard, the eminent 
F.R.S. ; the Custom House wished to charge Mr. Beddard 25s, duty because the 
spirit in which these crabs and crayfish were preserved had not been methylated, 
and was consequently, we can only suppose, considered potable. 1 am glad to say 
the alcohol was poured away, and consequently the duty was not paid. 

The following figures from the Owens College Chcinicul Laboratory show the 
amount of duty paid in the course of one year on methyl and ethyl alcohol alone ; — 

Duty paid in 1896-7 £43 16 0 

„ „ 1897-8 £56 0 0 

„ „ 1898^9 £44 10 0 

The duty represents about 2’16 times the original value of the alcohol. 

Practically the whole of the alcohol purchased by the laboratory used by three 
or four chemists engaged in orgonic research: thus the ledger debits from 
October to April 19(X)-5)1 three chemists with Ilf. 8.s., 6f. 18s., 51, respectively for 
alcohol ; we may therefore consider that these three cliemists pay roughly 501. a 
year for alcohol, of which sum about 16/. lOjf. is the actual value of the alcohol, 
and the rest is made up by the duty. 

The distinct disadvantage at which the English chemist works, as compared to 
his Continental colleagues, is shown by the lollowing statement kindly supplied 
by the Commercial Intelligence Department of the Board of Trade : — 

* So far as the information in the possession of this branch goes, there would 
appear to be no free admission of alcohol from abroad for industri^ purposes in 
eitW of the countries ^ named. There are internal taxes in bo^ countries from 
which alcohol is, under certain circumstances, exempt; but it does not appear that 
the exemptions affect the imported article, unle&s possibly in one instance, as will 
appear later. 

* In France the internal tax of 220 fr. per hectolitre of pure alcohol is a 
consumption tax from which alcohol used for industrial purposes is exempt^ being 
subject only to a statistical tax of 25 centimes per hectolitre of pure alcohoL 

< On imported articles, in which alcohol exists, the consumption tax is leWed 
(in addition to Customs duty) on the amount of pure alcohol which exists in a 
state of simple mixture or chemical combination, and it is not absolutely clear 
whether if such articles are to be used for industrial purposes they would be 
exempt from this tax. The statistical tax on articles in which the alcohol has 
been entirely transformed, eliminated, or evaporated (e.y., ether), plus 80 centimes 
per hectolitre, to compensate for the expenses of surveillance, &c., incurred by 

* France, and Germany. 
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French manufacturers, is, however, levied on the amount of alcohol calculated to 
have been used in their production. In Germany alcohol used for industrial or 
medicinal purposes is exempt from the tax on the production of spirits 
{BrantweinstenerV 

The above remarks apply equally to alcohol used in chemical research. 

One of the objections wliicli will possibly be raised by the Treasury in refusing 
to move in thi% matter is that though a great proportion of the cost of organic 
research in this country is due to the high cost of duty-paid alcohol and ether, yet 
they (the Treasury) pay back to chemical science far more than they receive from 
chemistry as duty. It has been suggested that the organic chemistry department 
of the Owens College has been peculiarly favoured in the administration of the 
Treasury grant. Here are the facts. In the year 1898 the chemical department of 
the Owens College received 176/., and in the year 1899 125/. in Treasury grants ; 
against these items we find that the College in the year 1899-1900, though 
sudering severely from the financial depression, paid 427/. 16^. lOd. for apparatus 
and chemicals used in research, the result being that 20 per cent, of the transac- 
tions of the Chemical Society for 1899 are occupied by contributions from the 
College laboratories. It is well here to point out that the tax falls most heavily 
on students who, having just taken their degrees, are engaged in their first 
researches. Such students, as a rule, receive no pecuniary assistance. 

Does not the Treasury grasp the elementary principle that the advance of 
knowledge, leading, as it does, to the creation of new industries and to the perfec- 
tion of the old, becomes a valuable, if indirect, source of increased income P 

The Board of Inland Kevenue are understood to object that the administration 
of a remission of the duty in alcohol would be both complicated and costly. 

la this difficulty really so insuperable P In France, as has been shown, the 
cost of administration is met by a statistical tax. In this country a precedent has 
been set in the permission of responsible persons to use and recover methylated 
spirit. 

* A person desirous of using methylated spirit must make written application 
to the Commissioners, stating the situation of the premises, the particular purpose 
or purposes to which the spirits are to be applied, the quantity likely to be 
required in the course of a ^^^ar, and if the quantity to be used in a year exceeds ' 
fifty gallons, or there is a still on the premises, or means are adopted for the 
recovery of the spirits after use. He must furnish the name of one or more house- 
holders or of a guarantee society to join him in a bond for the proper use of the 
spirits.’ 

In America and Canada colleges and institutions are permitted to use alcohol . 
free of duty on a signed reouisition from the head of the college or department. 
Should this suggestion be aaopted or not? 

A modification of the following scheme might be found workable. Institu- 
tions and laboratories desirious of using pure alcohol for scientific purposes might 
apply to the Bqard of Inland Revenue for a licence (for which, say, a charge of 
5s. to 10s. could be made); the manufacturer or retailer supplying the alcohol in 
this country would with the delivery note send a form which could be filled up 
and si^ed by the director of the institution or laboratory, and the manufacturer 
retailer would ultimately obtain remission of duty from the Inland Revenue 
^ard on presentation of these forms as bona Jides, In the case of alcohol coming 
irom foreign countries the usual Customs note would be so modified that the con- 
wgnee would be able to apply direct for rebate. If the Board of Inland Revenue 
consider super vidon of such institution and laboratories necessary, it surely would 
not entail much extra work on those officials who now control the use of unethy- 
lated spirit. 

^ What steps can bo taken to obtain this object ? It is first necessary to ascer* 
whether to effect such a change would be within the statutoiy powers of the 
ward of Inland Revenue, or whether it would be necessary to introduce a Bill’ 
into Parliament. 

, tbe first case it seems to me that an influential deputation might wait on 
he First Lord of the Treasury or the Chancellor of the Exchequer and represent 
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to him the facts of the case. In the second case the question becomes more 
complicated. 

3ly view — a 'view shared by many eminent chemists present at this meeting — 
is that it would be highly advantageous to appoint a small committee to consider 
the question and to report on it. 

The intention of this article has been to again call attention to a subject which, 
though frequently the object of fruitless endeavours, yet %y its very reasonable- 
ness deserves success. Oiganic chemists will find that they will Kkve to present a 
very strong case, infiuentially backed, before they can persuade such omcials of 
the'Treasury and Board of Inland Keveniie os do not possess the scientific mind 
to recognise the importance of the subject; yet the time is coming when 

* the thoughts of men are widen'd with the process of the suns.’ 


2. The Coal Tar Industry, 

By Dr. A. G. Green. — See Reports, p. 252. 


3. Reyort on a New Series of Wave-length I'ahles of the Spectra 
of the Elements . — See Reports, p. 79. 


FRIDAY, SEPTEMBER 13. 

Tlie following Papers wen* read : — 

1. Enzyme Action. By Adrian J. Brown. 

The author has already shown ' that in alcoholic fermentation a constant 
weight of sugar is decomposed in unit time by a constant amount of yeast in solu- 
tions containing different amounts of sugar, and has called attention to the fact 
that in this respect the action of fermentation differs essentially from that of inver- 
sion, which, according to C. O’Sullivan and Tompson, follows the law of mass 
action.^ 

So long as the phenomenon of fermentation was believed to be a life function 
inseparable from the living yeast coll, it did not appear remarkable that the order 
of progression of its action should differ from that of inversion ; but since Buchner 
has shown that fermentation, like inversion, is an enzyme action, this point of 
difference required further investigation. 

The author has examined the action of invertase on cane sugar experimentally, 
and demonstrates that the action as usually studied does not foAow the law of 
mass action, but resembles that of fermentation. 

The curve of action of invertase found by C. O’Sullivan and Tompson does not 
instance mass action, but, as suggested byDuclaux,^ its form is due to the arresting 
influence of inversion products. J. O’Sullivan’s experiments'* on the. power of 
inversion of living yeast cells are referred to, and it is shown that the results of 
his experiments also confirm the author’s conclusion. 

But although the action of inversion as studied by C. O’Sullivan and Tompson, 
J. 6’Sullivan, and the author does not follow the law of mass action, the author 
does nol regard the action, however produced, as independent of mass influence, 
and considers that the influence of mass in inversion changes as it has hitherto 
been studied is restricted by sotne other influence. This influence he believes 
exists in the time factor of molecular change. 


» J. Chem. Son., 81, 1802, .380. 
• Ann. Jmt. Pattvvr, 1808, 


® md., 57. 1890, 866. 

" J. Chem. Soc., 61. 1892, 92C. 
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In any simple chemical change the influence of mass regulates the number of 
molecular cotttacts between acting and reacting molecules in unit time ; but if a 
time factor eirters into the molecular reaction, there must be a point ^ 3 ^ond which 
the number of molecular changes cannot increase owing to the restriction of time 
in t^e action, and this point will be determined by the relative frequency of 
molecular contact and the length of the time interval of molecular change. 

There is good reason to believe that during inversion of cane sugar the sugar 
enters into moldbular combination with invertase previous to change, which pre- 
supposes a time factor of some magnitude. Under these conditions it therefore 
appears the more probable that this factor limits the eifect of mass action in 
inversion changes as observed in solutions of ordinary concentration. But if this 
is so, there must bo a point of dilution in cane sugar solutions when invertase, 
acting in the dilute solutions, exhibits an order of change in conformity with mass 
action. The author shows by direct experiment that this point is reached in a 
solution containing about 1 per cent, of cane sugar, so far confirming his conclusion 
that the time factor of molecular change limits the action of inversion in all but 
very dilute solutions of cane sugar. 

As the character of the action of fermentation has been shown to resemble 
tiiat of inversion, it appears very probable that in this enzyme change also the 
time factor of molecular change limits its action ; and possibly the influence may 
be evidenced in all enzyme change, and so play an important part in the complex 
functions of living organisms which depend on enzyme action. 


2. Radium. By Professor W. Marckwald. 


The Section was then divided into two Departments. 


, Department I. 

The folloiving lleport and Papers w ere read : — 

1. Report on the Relation heiireen the Absorption Spectra and Chemical 
Constitution of Organic Substances . — See Reports, p. 208. 


2, On the Chemical and Biological Changes occurring daring the Treat- 
ment of Sewage by the so-called Bacteria Beds. By Professor Letts, 
D.Sc., Ph.p., and R. F, Blake, F.C.S., F.I.C. 

It is generally assumed that the so-called ^bacteria beds’ act as oxidising 
agencies, absorbing oxygen from tbe air during tbeir periods of rest and subse- 
quently transferring it to the constituents of the sew^age when the beds are filled 
with IMS latter, the transfer being effected by micro-organisms which have esta- 
blished themselves on the surface of the material with which the beds are filled. 

It also appears to be generally taken for granted that the micro-organisms 
mainly concerned in the purification process are the nitrifying organisms. Hence 
if these views are correct, the t^flluent from the bacteria beds should contain 
nitrates and nitrites equivedent in amount to the unoxidised nitro^n whiefi disap- 
pears during the treatment. But on examining the results obtamed by chemists 
in investigations on sewage purification it will TO^ound that comparatively small 
JP^unts of nitrate and nitrite are produced in relation to the iinoxidised nitrogen 

be follWing figures are taken (or have been calculated) partly from results 
Ei^on in the Manchester Report of the Rivers Committee, January 22, 1900, 
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Table I, the Leeds Report op Sewa^ Disposali December ISOS, Table I, and 
partly from the table (p. 68) given inDibdiirs book on the ^ Purification of Sew- 
age and Water/ «• 


— 

Nitrogen 

dis^pearing as , 
‘ Free * and i 

* Albuminoid * 
Ammonia j 

Nitrogen found in the Effluent 
as Nitrate*’ and Nitrite after double 
contact with the«Bacteria Beds 

1 

Grains per Gallon | 

1 

Grains per Gallon 

Percentage on 
Nitrogen 
disappearing 

Manchester 

1*634 i 

0*686 

39 

Sutton .... 

7*186 I 

1*100 

16 

Leeds .... 

1*628 1 

0*11 

! i 


It is quite evidenti therefore, that a considerable portion, and in most cases ths 
greater part, of the unoxidiaed nitrogen which disapi^ars must be got rid of in 
some other form, and the question arises as to how this may occur. In all prob- 
ability there are two— and only two — alternative ways in which the nitrogen can 
be lost, viz. — 

(1) It may escape in the gaseous state as free nitrogen, or possibly as oxides 
of nitro^n. 

(2) It may pass into the tissues of animals or vegetables, the former of which 
may escape from the bacteria beds, and the latter (and possibly the former also) 
may remain permanently in the beds. 

In other words there may be either a chemical or a biological explanation, or 
both together. 

Chemical Explanation , — In an investigation on the effects of double contact 
with bacteria h^s on scmened and settled sewage the authors made analyses of 
the dissolved gases present, both in the original sewage and in the effluent from 
both beds, the samples being collected in such a manner that they did not come 
into contact with the air. 

The general results of these analyses were as follows: — (1) Practically no 
oxygen was present, either in the sewage or effluents. (2) The effluent n*om 
first contact always contained considerably more carbonic anhydride than the 
original sewage, and with two exceptions the effluent from second contact also 
contained an excess of that gas. (3) In eleven out of twelve series of ansdyses the 
quantity of nitrogen in the effluent was in excess of that present in the original 
sewage, and generally speaking it was in larger excess in tne effluent from double 
contact than in that from single contact. 

As the first six series of analyses only were made under exactly the same con- 
ditions, the authors find that, taking them us the barisof calculation, on the average 
the excess of nitrogen in the effluent from second contact over that present in the 
sewage amounted in weight to 0*272 part per 100,000, while the loss of un- 
oxidised nitrogen which had occurred in the sewage (by Kieldahl’s process) 
amounted to 2*2 parts, or that 12 per cent, of the nitrogen lost irom the sewage 
during purification was thus accounted for, while in one particular case it amounted 
toi^.31 per cent. 

In all probability only a fraction of the free nitrogen actually evolved would 
be retained by the effluent, the rest escaping into the air. 

Biological Explanation ^ — As regards the possibility that nitrogen is lost hio- 
log;ically, t.e., is absorbed into fhe tissues of animals or plants which feed on the 
sewage, there can be no doubt that a portion does escape in that way. The bacterm 
beds at Belfast and elsewhere swarm with minute insects (Podura aptaticap 
These, escaping in myriads, often form a thick layer on the sunace of the 
which loom itke soot. There can be no question that in thus escaping these 
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animals carry with them some of the nitrogenous constitutents of the sewage which 
they have devoured, but as yet the authors have formed no estimate of the quan- 
tity so removed. There are also species of worms always present in the bacteria 
beds in considerable numbers which no doubt also feed on the sewage. 


3. Humus and tHe Irreducible Residue in the Bacterial Treatment 
of Sewage, By Dr. S. Kideal. 


4. Sulphuric Acid as a Typhoid Disinfectant. By Dr. S. Rideal. 


5. On the Inverse Relation of Chlorine to Rainfall, 

By William Ackroyd, F,I,C, 

Rainfalls of various dates when compared among themselves appear so erratic 
in their quantitative composition tliat observers have generally been satisfied with 
monthly or half-yearly averages. AVhen the periods of observation are shortened 
to daily estimations, say of the chlorine, it clearly appears that minimum amounts 
of rainfall are marked by maxima of chlorine contents, and vice versa. Thus in a 
dailj^ comparison where the results are plotted for tenths of an inch of rainfall and 
parts per 100,000 of chlorine the respective curves interlock and each chlorine peak 
has its corresponding rainfall hollow. This will be seen on following the plotted 
observations in the diagram for Halifax, November 12, 1000, to March/, 1901. 
It is also apparent in the diagrams for country rainfall which illustrate my paper 
‘ On the Distribution of Chlorine in Yorkshire, Part II.,’ and where the observa- 
tions are weekly. Marked parallelism of chlorine curves, where several are com- 
pared, is regarded as being duo to common causes. 


6. On the Distribution of CMxyrine in Yorkshire, Part II. 
^y*WiLLiAM Ackroyd, F.I.C. 

All figures refer to parts of chlorine per 100,000 of water. 

As the result of many observations of minima, the chlorine is found to increase 
from 'T-l in the west and north-west, where the rivers originate, to 1*7-2 in the 
east and south-east, where, in the Chalk Wolds, the upturned edges of the chalk 
drink in and store up a vast amount of rain water, which is utilised by man^^ of 
the East Riding communities. Beyond this there is a south-eastern area of high 
chlorine figures formed by the triangular tract of drift ending with Spurn Head. 

Normal chlorine is afi'ected by manufacturing centres. From observations ex- 
tending over three months, it is shown that in a manufacturing town like Halifax 
the atmospheric contribution through the rain is *01 part of chlorine per 288 
people per square mile, and that the total contribution for ground as well as air is 
•01 part of chlorine per 63 of the population. 

Attention is also drawn to a disturbing infiueuce in the prevalence of high 
winds from the sea, which send up the chlorine figures for the rainfall. 


Department II. ^ 

The following Papers and Report were read ; — 

1. Hydration of Tin, including*the Action of Light, • 

By Dr. J. H. Gladstone, F.R,S,, and Gborob Gladstone. 

The authors described a tin trade mark which had been standing in the minerap 
logical cabinet of Mr. George Gladstone for twenty-seven years, exposed on the front 
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to diflfuBed daylight. The whole of the exposed surface was very dark in colour^ 
especially where the exposure was most complete. On examining it under the 
microscope it was found to be covered with little granules varying in colour from 
yellow to dark reddish-brewn. Where the dark granules were thickest there were 
found small yellow lumps that had all the appearance of colloidal matter. I^me 
of this was removed and treated with water. The microscope revealed a quantity 
of light-coloured translucent films ; the edges of the drop df water on evaporation 
showed imperfect colourless crystals resembling closely those obtained from other 
specimens of tin colloid, together with gelatinous matter. It was evident that 
there had been a slow chemical change, greatly due to the action of light, as 
the back of the trade mark, which was practically in the dark, showed very little 
discoloration. In order to see whether this could be repeated within a short time, 
three experiments were made on freshly cut surfaces of tin. The first was kept in 
the dark for six weeks, and sometimes subjected to a temperature of 100° C. ; 
under the microscope it showed no clear sign of any action. The second was 
exposed for the same time to diffused daylight: it showed slight but unmistakable 
signs of granular formation. The third was exposed to direct sunlight : it was 
distinctly spotted over with dark-coloured granules. 

2. TramUional Forms between Colloids and Crystalloids, 

By Dr. J. H. Gladstone, F.B.S,, aiid Walter Hibbert, F.LC. 

The investigation of the crust formed on the tin trade mark referred to in the 
previous paper induced the authors to carry the inquiry further. Among the 
remains of the ancient British village near Glastonbury, which had been 
submer^d in the marsh for 2,000 years, were the rod and weights of tin described 
in the British Association Keport for 1891), p. 595; and an examination of the 
crust formed on these objects showed the gradual formation of yellow, amber, and 
reddish-brown hydrates, together with minute egg-like bodies, which, when 
broken, wore found to contain gelatinous matter soluble in water, and giving on 
evaporation crystals having curved edges. The crystals are very definite in foim, 
but are generally colourless and hygroscopic. A specimen of native cassiterite 
gave similar results ; and so did colloidal tin hydrate formed from stannic chloride 
by dialysis. Colloidal hydrate of titanium gave intermediate bodies closely 
resembling those of tin. The same was found to be the case with aluminium and 
palladium colloids. No similar forms have yet been obtained from silica ; but it is 
well known that quartz crystals, diamonds, and ice are apt to exhibit curved edges 
and conchoidal fracture. 

The authors regard these semi-cry.stalline bodies as intermediate forms 
betweeen the gelatinous colloids, whether pectised or not, and the ordinary 
crystallised metallic hydrates. They look upon them as consisting of the hydrate 
combined with many molecules of water, and think that the various kinds of 
crystals (crosses, fishes, rhombs, &c.) are due to diifereiit amounts of combined 
.water, as they show diflerent degrees of solubility and of diffosibility. The 
isomorphism between these hydrates of tin, titanium, and aluminium is worthy of 
notice. 

The secular changes that take place in these gelatinous hydrates, and the 
formation of the insoluble films, are the subject of investigation at the present time. 

* 3. Report on the Nature of Alloys, — See Reports, p. 75. 

4. The Minute Structure of Metals, By G, T. Beilby. 

^ Microscopic examination of metallic surfaces produced by breaking, tearing, or 
filing, by rolling, drawing, hammering, or polishing, has shown that the metals as 
they are ordinarily met with appear in two forms : — 

(а) As minute granules or scales. 

(б) As a transparent, glass-like substance. 
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These two forms of < metal substance ’ occur in all of the metals examined, and 
taken together they do not appear to depend in any way on the particular thermal 
or mechanical treatment to which the metal has been subjected, nor on the greater 
or less mass of the particular piece of metal examined. Their existence is 
therefore to a great extent independent of the conditions which determine the 
particular crys^line structure of metals and alloys. 

In form (a) the granules or scales do not vary much in size in the different 
metals examined, *which include among their number representatives of most of 
the great groups. The diameter of the scales is estimated to range from ^ to 

of a millimetre. Their thicVness has not yet been measured, hut they can he 
seen by reflected light when tlieir thickneas is certainly loss than -fjiDo oi* ^ milli- 
metre. 

Form (b) is seen as a transparent glass-like film on metal surfaces, which have 
been exposed to certain forms of pressure. In the tran.sparent form the metals 
have their characteristic colours by transmitted light ; for instance, gold is green, 
iron and platinum are blue, copper is red, nickel is olive green. 

The scale form (a) passes into the transparent form {b) when the metal is pressed 
or hammered upon a hard polished surface. The same effect takes ])lace when a 
mirror-like polish is produced by ordinary methods. Files or cutting tools in 
passing over the surface or through the substance of metals leave the cut or 
scraped surface covered with a more or less continuous film of transparent metal. 
By suitable treatment a coating of transparent metal can be formed of varying 
degrees of thickness, so that by reflected light sealers can be seen more or less deeply 
imbedded in the transparent coating. The light from the deeper scales shows the 
characteristic colour of the metal. In some cases the colour of the coating 
appears so dense — as seen by the microscope — that no reflected light reaches the 
surface. 

Attempts have been made to measure the thickness of the transparent film by 
focussing tor its upper and lower surfaces, or for the upper surface, and for scales 
embedded in the film, and measuring the movement of the microscope between 
the two points. As these measurenjents appear to give rather exaggerated results 
their publication is held over for the meantime. 

The transparent metal {b) passes back into the scale form (a) under certain 
kinds of mechanical or chemical treatment. 

The metals already examined include gold, silver, platinum, cobalt, nickel, 
chromium, iron, copper, lead, bismuth, antimony, tin, cadmiuDi, magnesium, 
aluminium, zinc. 

The highly crystalline metals, such as antimony, bismuth, and zinc, exhibit the 
same features as the softer and more iiiulleable metals. The crvstalline faces and 
cleavage planes are covered with a film of transparent metal, while scales are dis- 
tinctly sqen in fractures at right angles to the cleavage planes. 

Galena shows similar appearances. 

The zinc and tin alloys of copper show the same minute structure and appear- 
ances. 

The persistence of these minute scales under all kinds of mechanical and 
thermal treatment, the remarkable uniformity of their size and appearance in 
metals of all of the leading groups, their disappearance into tlio transparent form 
and their reappearance again, apparently unchanged in size or otherwise — all this 
seems to aflbra fair ground for the conjecture that they are in some way definite 
units in the structure of metals. 


6. On the Action of Arntnonia on Meteds at High Temperatures.* 

By G. G. Henderson, D.Sc,^ and G. T. Beilby. 

gold, silver, copper, iron, nickel, and cohalt have been exposed* to 
th ammonia at temperatures ranging from 600® to 900®. In every case 

xne physical eflTect of the treatment was to disintegrate the metal completely, while 
^ PJ®Po>*tion of the ammonia was resolved into its elements. 

<the fracture of metals which have been exposed to this action has been 
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described by earlier observers as * cr^r'stAlline/ This is not the case : it is spongy 
or cellular, and appears under the microscope as if it had been suddenly cooled 
while in a state of active eilervescence. 

The penetration of the ammonia molecule into the metal is remarkably quick. 
Iron and copper rods a quarter of an inch in diameter were completely penetrated 
to the centre in thirty minutes. But disintegration goes on almost indehnitely 
thereafter. Copper exposed for seven days to this adtion at a temperature of 
600^ became reduced to a Hne spongy powder. The prolonged asction on platinum 
produces very fine deposits of platinum black on the surface of the more massive 
metal. 

The authors believe that the physical effects which result from tins action are 
explained by the alternate formation and dissociation of the nitrides of the metals 
taking place between certain narrow limits of temperature, the reaction being 
turned in either one direction or the other according as ammonia or hydrogen 
molecules preponderate in the gases which are in contact with the molecules of 
metal at and below the surface. 

It is suggested that the formation of spongy deposits on the outside of 
platinum crucibles heated by Bunsen burners, as well as the disintegration of the 
platinum wires of pyrometers exposed to furnace gases, may be accounted for by 
tbe presence of traces of ammonia in the combustion gases. 

The absorption of small quantities of nitrogen by pui’e iron renders it hard 
and brittle like steel. Malleable iron tubes exposed for seven days to the action 
of ammonia at a temperature of 800° became so brittle that they could be broken 
like porcelain by a blow from a hammer. 

It is suggested that some of the efiects on the structure and properties of iron 
and steel which are at present attributed to other elements may be due to tbe 
presence of traces of nitrogen. 


6. Aluminium-Tin Alloys, By W, Garrick Anderson, MJL.^ DlSc,^ 
and George Lean, B,Sc, 

This investigation was undertaken to ascertain, with some definiteness, the general 
properties of the alloys of aluminium and tin, and particularly the cause of the 
])eculiarity, first pointed out by Iliche,' that the alloy containing 26 per cent, 
aluminium evolves hydrogen freely when placed in water. This property was 
found to belong, not only to the particular alloy in question, but to the whole 
series, whether cast or annealed. 

From the determinations of the cooling curves it is shown that tin dissolves in 
aluminium, but that in the casf* of alloys containing more than 10 per cent, tin a 
second break in tlie cooling curve takes place at 232° C., indicating an excess of tin.* 
Micro-phoidgrapliy was also employed to show the structure of the alloys in the cast 
and annealed condUion. The amounts of hydrogen evolved from the several alloys, 
cast and annealed, were found to stand in no simple relation either to the weights 
of the constituent metals present, or to tbe depression in the aluminium melting 
point. 

From microscopic examination of water-corroded plates the conclusion is 
arrived at that contact action between tlie tin and the stanniferous aluminium is 
mainly responsible for this spontaneous oxidation. 


7. Aluminium- Antimony Alloys, By W. Campbell. 


8. Aluminium-Copper Alloys, By W. Campbell. 


* Biche, Jr, Phami, Chem,^ 1895, 1, v. 

^ H. Gautier, Comptes 123 [1896], p. 109. 
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SATURDAY, SEPTEMBER 14. 
The Section did not meet. 


MONDAY, SEPTEMBER 16. 

The following Papers and lle 2 )orts were read : — 

1. On the Three Stereomeric Cinnamic Acids, 
By Professor A. Michael. 


2. On the Genesis of Matter, By Professor A. Michael. 


3. On the Process of Substitution, By Professor A. Michael. 


4r. On the Synthetical Formation of Bridged-rings, 
By Professor W. H. Perkin, F,R,S, 


5. The Condensation of Benzil loith Dihenzyl Ketone, 

By G. G. Henderson, D,Sc,^ and R. H. Cobstorphinb, B,Sc, 

Benzil condenses readily with dibenzyl ketone in presence of aqueous caustic 
potash, and ietraphenylcyclopentenolone is produced according to the equation 

Ph.CO Ph.CH... Ph.C = O.Ph . 

I + = I >CO 

Ph .CO Ph . CH./ Ph . 0(011) . OH Ph/ 

The new compound crystallises in colourless lustrous needles, m.p. 208°. It is 
readily soluble in benzene, but only sparingly in alcohol. It yields an o,vime which 
crystallises in small colourless prisms, m.p. 167°, and when heated in alcoholic 
solution with parabrompheiiylhydrazine it gives a crystalline hydrasone, m.p. 169°. 
The acetyl derivative was obtained in prisms of a dark purple colour, from which 
the colouring matter could not bo removed by recrystallisation : it melts at 218°. 
Tetraphenylcyclopentenolone readily decolorises permanganate, yet it does not 
combine adduively with bromine, as might be expected from its constitution, but 
18 slowly converted into an unstable bromine de^ivativCf which was not obtained in 
a state of purity. It also reacts with phosphorus pentachlpride and with alcoholic 
hydrogen chloride, but the product, which contained chlorine, was too unstable to 
admit of purification. When cautiously oxidised with chromic anhydride dis- 
solved in glacial acetic acid it gives benzoic acid and a rieutral compound of the 
formula C 28 R 2 o^ 4 > which occurs in colourless crystals, m.p. 164°. When boiled under 
a reflux condenser with hydriodic acid and red phosphorus, tetraphenylcyclopente- 
, . . Ph.O = OPh V 

nolone is partially reduced and tetraphenylcyclopentenol 1 y .OIIOH 

. ^ ^ Ph.CH.CHPh^ 

IS obtained. This substance crystallises in shining colourless needles, m.p. 162°. 
It IS readily soluble in benzene, but very sparingly in alcohol, and it reduces 
permanganate. It does not react either with hydroxy lamiiie or with phenylhydra- 
zine, but it yields an acetyl derivative, which crystallises in colourless tablets, 
m.p. 182°, It does not form an addition product with bromine, but is converted 
into a bromine derivattve, CagH^gBr . OH, which crystallises in colourless needles, 
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m.p. 215°, and by tbe action of phospliorus pcntacMoride or of alcoholic hydrogen 
chloride it yields a chlorotetraphemjkyclopmtme^ in the form of colour- 

less prisms, ra.p. 181°. By heating at 180° in a sealed tube with hydriodic 
acid and red phosphorus, tt^trapbenylcyclopentenol is reduced, and yields a 
mixture of two hydrocarbons, and 0 ... , 11 .,;, which can be separated by means 
of ether, in which the forinor is readily and the latter i^paringly soluble, C.^pH .^4 
separates from ether as a crystalline powder, which melts with decomposition 

Ph.C = OPir 

over o00°. It ii no doubt tetrapltenylcyclopeuteue | \ OH,. The 

Ph.CHOIUMi/ ' 


other hydrocarbon separates in the crystalline state from alcohol. It melts at 
80*6-8i°, and is apparently identical with the tetraphenylcyclopentene 
PhOH-CIIPh 

I >011., already prepared, in a diderent manner, by Wislicenus. 

PhCH-CHPh/ ' 


6. Some Relations between Physical Constants and ComtiMion ttt 

Benzenoid Amines, Part III, By W. R. Hodgkinson aid 
L. Limpach. 

Ill the ' Proc. Chem. Soc.,’ 1893, 9, 41, we drew attention to some relationships 
Ixitween melting-points and constitution in some amines, and a further contribu- 
tion by Gordan and one of us on the same subject appears in ^ Trans. Chem. Soc.,’ 
1901, 79, 1080. 

Since then a considerable number of amines, their formyl and acetyl, and other 
derivatives have been prcjparcd, it is believed, in as pure a state as possible, and 
their melting-points redetermined. 

The first point noticeable is that the difference betwi^n the melting-points of 
the formyl and acetyl derivatives of bases of the same constitution is the same or 
very nearly so. 

If in anj base a methyl group be replaced by ethyl or oxymethyl (OCII3) the 
melting-points of the formyl and acetyl compounds change, but the differences 
between them appear to be the same as between the formyl and acetyl derivatives 
of the methyl compounds. 

The following will serve as instances : — 


Mclting-poiuts 



Constitution * 

Formyl- 

com][)ound 

Acetyl- 

compound 

1 Difference 

Pseudo Cumidiiio 

CH, CH 3 CH, 

2 8 5 

121 ® 

164“ 

43 

Ethyl- 0 -Cumidine • 

CH, C,H, CH, 

2 3 5 

103 

145 

42 

Fararxylidine . • • 

CH, 

1 

CH, 

4 

116-6 

139 

22-6 

Oxymethyl- 7 ;-xylidine . 

OCH, 

1 

CH. 

86 

109 

23 

CUmidino .... 

CH, CH, CH, 

1 2 4 

! 08 

126 

28 

Oxymethyl Cumidihe . 

OCH, CH, CH, 

1 2 4 

1 

1 68 

96 

28 


> The constitution is expressed as in parts I. and II. on the plan 
/4 6 

;3 : NHCHO 


5 


1 
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The tetra-methyl bases exliibit some other peculiarities. As far as the 
melting-points of their formyl and acetyl derivatives are indications, they would 
appear to lie CQmposed of two xylidines less the melting-point of fonno-anilide 
(4(5"). 


Thus; 

1 . 


Formyl 

derivative 


2 . 


Formyl 

derivative 


a. 


Formyl 

derivative 


•NHCIIO NIICIIO 

tn, 

cii, 

M.P. [163®] [104°‘5] 

104*6+ 104*5 - 46 = ia3° 

NIICIIO NHCHO 


NHCHO 



CHj composed of 


on, OH, 


4 S 

V J 

CII, 

4 2 

CII, OH, 

4 S 


[104®*5] 


CH, 

^ ^CHa composed of CII 3 


CII, 



4 iJciL, 

4 2 


4 a 


NHCII 


OH, 


M.P. [183°] [164°] 

164 + 65 - 46= 18.3. 

NHCHO IICIIO 

/\< 


OH, 

[65°] 


NIIOHO 


CH, 


g jlOHj, composed of 

CH, 


V 

CII, 

M.P. [144°] 

11.3*6 + 76*5-46 = 144. 

Tlie foregoing are merely a few examples. A mucli more extended list and 
an attempt at a discussion of these relations we hope to give shortly. 



7. Tfie Existence of Certain Semicarhazides in more than one Modification, 
By George Young, Ph.D. 

In 1887 Micbaelis and Schmidt made benzoylphenylsemicarbazide by tjie 
Edition of cyanic acid to as-benzoylphenylhydrazine , 


OCH 5 .N.NH 3 + IICNO = C,H. .N.NH.CO.NH, 

c!o.c„h» io.C„H» 

nd found the product to melt at 202-203°. Six years later (1893; Widman 
btained benzoylphenylsemicarbazide by boiling phenylsemicarbazide, suspended 
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in benzene, with benzoic chloride, bat found the melting-point of the product to 
be 210-Ull®. 

C,II,.NH.NH. 00 .NH 2 + C,H,.C 001 = C,Il,.N( 00 C,II,).NH. 06 .Nn, + HGL 


Widman then repeated the preparation, making use of the Michaelis-S^hmidt 
method, and again obtained a product melting at 210-2'I1®. From thb it might 
have been interred that the lower melting-point obtained <by Michaelis and 
Schmidt was probably due to insufficient purification. 

Towards the end of 1896 I had occasion to prepare benzoylphenylsemicarb- 
azide, and made use of Widmau’s method. The product obtained melted at 
202-203°, and the melting-point was not altered by repeated recrystallisations. I 
liad thus obtained the ^lichaelis- Schmidt product by means of Widmau’s- method 
of preparation, and at the same time confirmed the Micbaelis-Schmidt melting- 
point. These results having been published in the ^ Transactions of the Chemical 
Society,’ Dr. *Widman kindly sent to me a sample of liis benzoylphenylsemi- 
carbazide, which I found by my thermometer to melt at 210-212 , so that the 
thermometers were not to blame for the discrepancy. 

A comparison of the two substances showed that the one which melted at 
202-203° was distinctly more soluble than the higher melting one in the 
ordinary solvents, such as benzene, ether, alcohol, or water. 

Tlie first interesting observation was that on boiling a small quantity of 
Widman’s substance with water: it went into solution very slowly, and on 
cooling separated in crystals, which melted at about 200°, and, after recrystallisa- 
tion from dilute alcohol, at 202-203°. 

The Widman form of benzoylphenylsemicarbazido had been transformed into 


the Michaelis-Schmidt form. 

The reverse transformation was not so easy, partly because it takes place, even 
under the best conditions, very slowly ; partly because it leads under varying 
conditions, not only to Widman’a benzoylphenybemicarbazide, but also to a third 


modification. ^ ^ . 

This third form of benzoylphonylsemicarbazide melts at 205-206°, It is 
produced from the lowest molting form by boiling with benzene in a reflux 
apparatus on the water-bath. The change took place with 2g. substance in 
about fifteen hours, and further similar treatment was without effect. 

This benzoylphenylsemicarbazide, which melts at 205-206°, can be re- 
crystallised unaltered from benzene, ethylic acetate, acetone, or alcohol. Boiling 
water and, more slowly, dilute alcohol convert it into the lowest melting form. 

If the Michaelis-Schmidt product he boiled with benzene in a reflux apparatuc 
on a sand-tray, instead of on a water-bath, the result is different. The change, 
here again, is slow. After some fifteen hours’ boiling the product softens a1 
about 205°, and is completely melted at 210°. Further boiling is without effect 
This product can be separated, by washing with cold ethylic acetate, into 
Widman’s benzoylphenylsemicarbazide, wliich remains undissolved, and th< 
third modification which dissolves in the ester. 

By this method of boiling with benzene on a sand-tray the form melting at 
205-20^ can be converted partially, but never completely, into Widman’s 


modification. « . . * 

The process of lowering the melting-point from 211-212° to 205-206° is bes. 
carried out by boiling with acetone. 

The difference in effect produced by exchanging the water-bath for a saud-trav 
in boiling with benzene suggested what is probably the reason why, althoi^h 
making use of apparently exactly the same method as Dr. Widman in preparing 
the l^nzoylphenylsemicarbazide, I obtained, not his product, but that of Michaelis 

and Schmidt. j • 

In the preparation phenylsemicarbazide and benzoic chloride are boiled in 
benzene in a reflux apparatus. I had carried out the boiling on a water-bath, and 
obtained benzoylphenylsemicarbazide of melting-point 202-203°, mixed, as ^ 
found later, with a small quantity of the form which melts at 206-206°. On 
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repeatmg the preparation in exactly the same manner, with the exception that 
the water-bath was replaced by a sand-tray, I obtained Widman's results. 

These three«modiiicatiou8 of benzoylphenylsemicarbazide are not only different 
in regard to their melting-points and solubilities in various solvents, but they can 
be distinguished &om one another by their appearance under the microscope. 

Tfiat one of them is not simply a mixture of the other two is shown by the 
fact that when any two Are ground together in a mortar the melting-point of the 
mixture is no loiter sharp, and the two modihcations can be separated again by 
the use of a suitable solvent. A mixture of equal parts of the modifications 
melting at 206-200° and 211-212° began to soften at 204° and finished melting at 
200° ; the whole of the lower melting modification could be, removed by washing 
with cold ethylic acetate. 

A mixture of equal parts of the modifications melting at 202-203° and 
211-212° began to shrink at about 200° and was not entirely melted until 208°. 
The lower melting substance could be removed by washing with warm benzene. 

The property of existing in three such modifications is not confined to benzoyl- 
phenylsemicarbazide. I have obtained by similar means, that is, tlie action of 
various solvents at different temperatures, three modifications of phenylsemicarbazide, 
the ordinary form melting at 172°, which in its properties corresponds with the 
Michaelis-Schmidt benzoyl derivative, and two lower melting forms melting at 
164° and 161°, of which the one which melts at 151° corresponds in its insolubility 
and its stability in benzene with Widman’s benzoylphenylsemicarbazide. 

o-Tolylsemicarbazide, p-tolylsemicarbazide, and henzoyl-p-tolylsemicarb- 
azide have each been found capable of existence in three modifications, and 
from indications obtained with other semicarbazides it seems probable this would 
he the case with all those of the general form Jl.ir.NII.NII.l JQ.NIIg where 
R is a benzenoid radical and R' is hydrogen or benzoyl. 

As to the relation'of these modifications to each otlicr, the semicarbazides in 
question may be trimorphous, or we may have to deal with some form of stereo- 
isomerism. Unfortunately, although we have tried a number of reactions, we 
have not been able as yet to find one which showed a difference in tlie chemical 
behaviour of the three modifications, and we might therefore accept the theory of 
trimorphism were it not for two facts. 

The first is that it is possible to recrystallise two and sometimes all three 
modifications from the same solvent, and even in presence of one am^ther, without 
conversion of one into aiiotlier. That seems to me to dispose of trimorphism. 

The second fact is that with certain semicarbazides, diplienvlsemicarbazide 
w<jH 5 ) 3 N.H.CO.NH 2 , Jiydrazodicarbamide NH„.CO.NH.NfI.CO.NH.,, and benzal- 
semicar^one CoH 5 ,CH.N.NlI.CO.NIIa, I have been unable to obtain even a 
sugpstion of a second form. 

That seems to point to the property of existing in these different forms being 
dependent on the nature of the groups in position 1. 

NHo.Nn.OO.NH2. 

( 1 ) ' ( 2 ) ( 3 ) ( 4 ) 

At present, however, we have not sulEcient evidence on which to base any 
theoretical explanation. 


8. Report on Isomeric Naphthalene Derivatives , — See Reports, p. 152. 


9. R^ort on Isomorphous Derivatives of Benzene , — See Reports, pT. 78. 
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TUE8DA r. SEPTEMBER 17. 

Tlie following Papers and Reports wert» read : — 

1. Soim Points in Chemical Education. By Joji Sakurai, LL ^ D .^ 

Professor of Chemistry in the Imperial Universitjf of Tokyo^ Japan. 

The marvellous and wonderfully rapid progress which chemistry has made within 
the last fifteen years is characterised by the fact that not only exceri mental means 
of investigation have been extended, enriched, and made accurate, nut also a number 
of comprehensive and fertile ide‘*s have been developed one after another, and 
deductive methods of inquiry made possible and found to be exceptionally 
fruitful ; chemistry has, in fact, thrown ofi' much of its empirical character, tad 
established itself to be a truly rational science. The educational value, which it 
has thus acquired, is enormous, a st udent of modern chemistry having ample oppor- 
tunities of cultivating the power of observation and the faculty of reasoning at the 
same time — a two-sided advantage which is possessed neither by an essentially 
descriptive science nor by an essentially abstract science. 

The teaching of chemistry from the point of view attained by the recent 
development is not only important for those who would become pure chemista, but 
also for those vrlio would have to apply the knowledge of that science in special 
directions, such as physiology and chemical technology, inasmuch as its con- 
ceptions are exceedingly comprehensive and fertile, their applications in these 
directions having already led to some important practical results. It is also no 
less- important for the education of boys in secondary schools, as it puts the 
fundamental facts of chemistry in a clear, intelli^nt, and rational form, supplying 
requisite food for the healthy development of their brain. 

Notwithstanding these evident and exceptional advantages which the teaching 
of modern chemistr^r affords, it is still taught, to a great extent, in the same dry 
and merely descriptive way as in old days, explanations wh^h are in diiect 
opposition to*well-established facts being, moreover, not unfrequently given ; and 
for the interest of our science and profession this state of things should be sp^ily 
remedied. 

One of the remedies would be to remove certain misconceptions which seem to 
prevail pretty freely. Now the name * physical chemistry,’ which has come into 
general use, has apparently given to many an idea that it is a special branch of 
chemistry, whilst, in fact, it pervades the whole domain of our science and treats 
of specially important and fundamental chemical questions. Exclusive use of the 
name ' general chemistry,* in its stead, would have the effect of removing this 
misconception and of accelerating a more free introduction of modern views into 
the teaching of chemistry. Another misconception, which seems to have 
crept into the minds of many, relates to the use of mathematics. It is often 
stated that, as the treatment of general chemistry requires higher mathematic, 
it is neither possible nor desirable to introduce it into elementary teaching, but in 
this opinion there is a confusion of ideas. It is true that, for a detailed study and 
cultivation of general chemistry, a fair knowledge of higher mathematics is both 
desirable and necessary. This fact should, indeed, be clearly and generally 
recognised, and students of chemistry should be encouraged to acquire this 
Imowledge. But the teachings of general chemistry can be introduced into 
elementary text-books without any mathematics, and yet in a concise, useful, and 
interesting form ; moreover, simple and appropriate lecture experiments, illi^ 
tratlng the laws of chemical dynamics, the theory of solutions, &c., can be easily 
contrivbd. 

A very effective remedy would be to diffuse the knowledge of, and to increaM 
the interest in, modem views among the teachers in secondary schools. For this 
purpose^ courses of lectures, in which general chemistry is amalgamated with 
descriptive matter, should be given to them, say during summer vacations ; also 
writing of elementary text-books on the same plan should be encouraged. ^ , 

The objection, which might be raised, that the attempt to g^ve a fidr training 
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in general chemistry over and beyond w^t it has been customary to teach takes 
too much time is met by the consideration of the fact that some portion of the 
descriptive master usually given in lectures may be cut off, not with inconvenience, 
but rather with advantage, inasmuch as in the class-room the attention of 
students should be more directed to points of general interest and importance, 
whilst the tin(& usually devoted to analytical work in the laboratory may also be 
conveniently shorten^;* what the student should learn from it being rather 
principles and methods of analysis than mere practical skill. 


2. On the Detection and Estimation of Arsenic in Beer and Articles 
of Food, By W. Thomson, F,R.S.E. 


3. On the NomendoXnre of the Ions, 
By Professor James Walker, F,R.S, 


4. On the Eqnilihrium Lmo as applied to Salt Separation and to the 
Fomnatimi of Oceanic Salt Deposits, By Dr. E. Fhankland Arm- 
strong. — See Reports, p. 202. 

5. Report on the Bibliography of Spectroscojiy , — See Reports, p. 155. 


WEDNESDAY, SEPTEMBER 18. 

The following Papers were read 

1, The Electrolytic •Conductivity of Halogen Acid Solntions, 
By Dr. J. Gibson. 


2. On the Flame Coloration and Spectrum of Nickel Compounds, 

By P. J.; Hartog. 

It was shown that when nickel acetate is brought into a Bunsen flame togetber 
with hydrochloric acid two kinds of coloration may be produced: (1) a temporary 
purple coloration which Bashes out and dlsappeais; (2) a more permanent doep- 
I’ed coloration. The temporary coloration is so evanescent that the spentrnm of 
bright lines to which it gives rise could not be mapped by the eye. It is hoped 
to record it photographically. The deep-red coloration gives with a single prism 
spectroscope two bands — a red band, extending from wave length (5202 to 0126, 
and a green band, extending from 5328 to 5200. It was shown by spraying a 
10 per cent, solution of i^ckel acetate into a Smithells separator that the colora- 
tion is pr^uced in the inner cone. The solution must be either mixed with 
hydrochloric add or chloroform vapour must be introduced into the Bame in the 
manner used by Smithells in his researches on flame coloration. Nickel chloride 
introduced into the flame gives only a slight red coloration. Cobalt acetate was 
foui^ to yield no flame coloration. 

,Tbe theory of flame coloration is still obscure, despite the researches of 
irring^ini and SmithelU ; but these experiments lend support to the view lhat 
caemieal action is necessary for the production of colour in the flame. ^ It was 
^mted^out that in the case of manganese the flisme coloration (green) said to be 
sometimes’ produced can always be product with the acetate. 

1901. s s 
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Section C.— GEOLOGY. 

Thesident of the Section — John Horne, F.R.S., F.II.S.E., F.G.S. 


THUnSDAY, SEPTK^fBER 11 . 

Tlie President delivered tlie following Address : — 

Rpcfini Advances in Scottish Geology, 

A quarter of a century baa elapsed since the^ British Association met in this 
great industrial centre, when Professor Young, in his presidential address to this 
Section, pointed out some of the diiUculties which, as a teacher, he experienced in 
summarising the principles of geology for his students. At that meeting, also, the 
late l)uke of Argyll, whose interest in geological questions never faded, gave an 
address * On the Physical Structure of the Highlands in connection with their 
Geological History,’ The return of the Association to the second city of the 
empire, which since 1876 has undergone remarkable development, due in no small 
measure to the mineral wealth of the surrounding district, suggests the question, 
lias Scottish geology made important advances during this interval of time ? 
Have we now more definite knowledge of the geological systems represented in 
Scotland, of their structural relations, of the principles of mountain-building, of 
the zonal distribution of organic remains, of the volcanic, plutonic, and meta- 
morphic rocks so largely developed within its borders? It is true that many 
problems still await solution, but anyone acquainted with the history of geological 
research mu.st answer these questions without hesitation in the affirmative. In 
tile three great divisions of geological investigation — in strntigraphicnl geology, in 
palieontology, in ptUrology — the progress has indeed been I'emarkable. The details 
of these researches are doubtless familiar to many who have token an active share 
in the work, but it may serve a useful jiurpose, and perhaps lie helpful as a land- 
mark to give now an outline of some of the permanent advances in the solid 
geology of Scotland during the last quarter of a century. 

The belt of Arcluean gneisses and schists, which may be said to form the 
foundation stones of Scotland, have been mapped in great detail by the Geological 
Survey since 1883 along the western part of the mainland in the counties of 
Sutherland and Ross. In that region they occupy a well-defined position, being 
demonstrably older than the great sedimentary formation of Torridon Sandstone 
and overlying Cambrian strata. The mapping of this ladt by the siirvey«stafi' and 
the detailed study of the rocks both in the field and with the microscope by Mr. 
Teall have revealed tlie complexity of the structural relations of these crystalline 
masses, and have likewise tlirown considerable light on their history. ‘These 
researches indicate that, in the North-west Highlands, the Lewisian (Archiean) 
gneiss may be resolved into (1) a fundamental complex, composed mainly of 
gneisses that have affinities with plutonic igneous products, and to a limit^ extent 
of crystalline schists which may without doubt be regarded as of sedimentary 

S82 
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origin ; a great aerii s of igneous* nvks intrusive in the ftindanuuital complex in 
the form of dvkes anti sills.’ .... . 

Tht‘ rooks of the fuiulaniental tximplev which have nftinitt.'a with pliitoiiic 
igneous piHxlucts occupy the greater part of the tract between < ape Wrath and 
Skyp. Mr. Teall has siiown tliat tliey are ess»»ntiallv composed of minerals tliat 
enter into the composition of peridotites. gabhroa, diorite.s and granites; as, for 
example, olivine, hvperstlient*, nugite (incluiling diallage). hornblende, biotite, 
plagioclase, ortluH!lase, mi(TOcline, and ipiartz. In l^OIhe advan^«i a classiHea- 
tion of these nx'ks, based mainly on tbeir mineralogicnl eoni|iOvition and partly 
on their struclure, which has the gix'at merit of lieiiig clear, cxnnpndiensive, nni 
independent of theoretical views as to the history of il»e rock iiiassi»s. Stated 
broadly, the principle f«)rming the basis of ehisMiticat ion of three of the groups is 
the nature of the dominant fcrro-magnesian constituent, viz , pyro.xeii 0 , bom. 
blende, or biotite, while the inembt‘rs of the f.nirlli group are cotu|K>9ed of ferro- 
magnesian minerals without felspar or cjiiartz • Tlu» detailed mapping of the 
rt'gion has shown that tlifse rock-gn>up» have a iuort» or less definite geographical 
distribution, lienee tlu* b«-lt of Lcwisian gneis.s has Wen dividefi into thrive dis- 
tricts; the first extending from (’aj»e Wrutli tn L<K*h l.a.tronl ; the mtcond, from 
near ^oiirie to beyond l.nchinver, and the tliinl from llrninanl llay to the island 
ofllansay. In the ct iUral area (Scourii* to Lmdiinvor) pyroxene gneisses and 
ultrabasic rocks (pyroxeiiites and liornblfiidites) are specially develofHHl, while the 
granular hornblende rock** (hornblende gnei-s proper^ and the biotite gneisaes am 
characteristic of the northern and .H>uthern tracts. These are the facts, whatever 
theory he adopted to explain them. 

In those areA.s where the original structures of the liOwisian gneiss have not 
been efl'aoed by later mechanical stresses it is possible to trace knots, bands, and 
lenticles of unfoliated, ultrabasic, and basic rocks to note the imperfect separation 
of the ferro-magnesian from the quart 20 >felspathic ct>n8tituents, to obser\*e the 
gradual development of mineral banding and the neUlike ramification of acid 
veins in the massive gneisses. Many of these rocks cannot be appropriatiljr 
described as gneiss. Indeed, Mr. TeaU has called atUmtion to the close analogy 
between these stnictuix^s and those of plutonic masses of youimr date. 

In the fieport on Survey AVort in the Xorth-west 'liignlands, published in 
1888, the parallel banding, or first foliation, ns it was then termed, of these original 
gneisses was ascribed to mechanical rooTemeut.'’ Ilut the paper on ^Banded 
Structure of Tertiary Gabbros in Skye,' by Sir A. Geikie and Mr. Teall, ^ throws 
fresh light on this question. In that region the gabbro displays the alternation of 
acid and basic folia, the crumpling and folding of the tends like tbe massive 
gneisses of tbe Lewisian complex. Obviously in tbe Skye gabbro the structures 
cannot be due to subsequent earth movements and deformation. The au^ors 
maintain that they pe original structures of the molten magma, and, consequently, 
that much of tbe mineral banding of the Lewisian gneisses, as distinguished from 
foliation, may be due to the conditions under which the igneous magma was 
erupted and consolidated. Whatever theory be adopted to explain the original 
mineral banding of the Lewisian gneisses, it is certain that they possessed this 
banding, and were thrown into gentle folds before tbe uprise of the later intrusive 
dykes. 

The crystalline schists that have affinities with rocks of sedimentary 
origin occupy limited areas north of Loch ^laree and near Gairloch. The pro« 
minent memMTs of this series are quartz schists, mica schists, graphitic sclwts, 

' Kepoxt on the Recent Work of the Geological Survey in the North-west High- 
lands of Scotland based on the Field-notes and Maps of Messrs. B. N. Peach, 

J. Home, W. Gunn, C. T. Clough, L. W. Hioxman, and H. M. Cadell, Quart. J&um. 

Bte., vol. xliv. p. 3b7 ; and Annual Ri^ort of the Oeologieal Survey for 1894, 
p. 280, and 1895, p. 17. 

* Annual Beywtofthe Geological Survey for 1894, p. 280. 

* Quart. Jawm. Qeol. Soe., vol. xliv. p. 400. 

* jrWd., vol. 1. p. 645. 
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limestones and dolomites with tremoiile, ^rarnet and epidotcJ They are thero 
associated ^vith a massive sill of epidiorite and horoblende schist. The relations 
which these altered sediments bear to the gneisses that have affinities with 
])lutonic igneous products have not been satisfactorily determined. But the 
detailed mapping has proved that north of Jjoch Alaree tln^y rest on a platform of 
lidwisian gneiss, and are visibly overlain by gneiss with basic dykes (Meal! 
Uiabhach), and that* both the gneiss complex and altered sediments have been 
affiected by a aomnioii system of iblds. In the held, bands of my Ionised rock have 
been traced near the base of the overlying cake of gneiss, and the microscopic 
examination of the latter by Mr. Teall has revealed catacla^tic structures due to 
dynamic movement. It is obvious, therefore, that, whatever may have been the 
original relations of the altered sediments to the gneiss complex, these have been 
obscured by subsequent earth-stresses. 

The great series of later igneous rocks which pierce the fundamental complex 
in the form of dykes and sills is one of the remarkable features in the history of 
the Lewisian gneiss. In ]8t)o Mr. Tcnll advanced a cl nssiticat ion of them,~*but 
his recent researches show that they are of a much more varied character. For* 
our present |)urpo8e we may omit tlie d^kes of peculiar composition and refer to 
the dominant types. These comprise: (1) ultrabasic rocks ( peridot ite), (2) basic 
(dolerite and epidiorite), and (3) acid (granite and pegmatite). The evidence in 
the held points to the conclusion that the ultrabasic rocks cut the basic, and that 
the granite dykes w*ere intruded into the gneisses after the eruption of the basic 
dykes. The greater number of these dykes consists of basic materials. It is 
important to note that the basic rocks best preserve their normal dyke-like 
features m the central tract between Scouric and Lochinver, where they traverse 
the pyroxene gneisses. But southwards and northwards of that tract, in districts 
wheie they have been subjected to great dynamic movement, they appear as 
bands of hornblende schist, which are difficult to separate from tbe fundamental 
complex. The acid intrusions are largely developed iu tbe northern tract between 
Laxlbrd and Durness ; indeed, at certain localities in that region the massive and 
foliated granite and pegmatite are as conspicuous as the biotite gneisses and horn- 
blende gneisses with which they are associated. 

After the eruption of tbe various intrusive dykes the whole area was 
subjected to enormous tetrestrial stresses which profoundly aifected tbe funda* 
ineutal complex and the dykes which traverse it. These lines of movement 
traverse the Lewisian plateau in various directions, producing planes of disruption, 
molecular rearrangement of the minerals and tbe deveh»pment of foliation. It 
seems to be n general law that the new planes of foliation both in the gneiss and 
dykes are more or less parallel with the planes of movement or disruption. If 
the latter bo vertical or nearly horizontal the inclination of the foliation planes is 
found to vary accordingly. 

Close to tbe welWefined disruption-planes, like those between Scourie and 
Kylesku, tbe gneiss loses its low angle, is thrown into sharp folds, the axes of 
which are parallel with the planes of movement. The folia are attenuated, thero 
is a molecular rearrangement of the minerals, and the resultant rock is a gramditic 
gnei^. Indeed, the evidence in the held, wliich has been conlirmed by the micro- 
scale examination of the rocks by Mr. Teall, seems to show that granulitic biotite 
ftnd hornblende gneisses are characteristic of the zones of secondary shear. A 
further result of these earth-stresses is the plication of the original gneisses in 
sharp folds, trending N.W. and S.E. and E. and W. ; and tlie partial or complete 
recrystollisation of the rocks along the old planes of mineral banding. 

In like manner, when the basic dykes are obliquely traversed by Ijnes of 
disruption, they are detlected, attenuated, and within the shear zones appear 
frequently as phacoidol masses amid the reconstructed gneiss. These phenomena 
Me accompanied by the recrystaili'sation of the rock and its metamorphosis into 
hornblende schist. Similar results are observable when the lines of movement 

* Annual Itejiort of the Geological Survey for 1895, p. 17. 

• p. 18. 
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are parallel with the course of the dykes. All the stages of change from the 
massive to the schistose rock can Ihj "traced — the replacement of ]^roxene by 
hornblende, the conversion of the felspar and the development, of granulitic 
structure with foliation. Here we have an example of the phenomena developed 
on a larger scale by the post-Gambrinn movements, viz., the production of common 
planes of schistosity in rocks separated by a vast interval of time, quite irrespec- 
tive of their original relations. For both gneiss and dykes 'have common planes 
of foliation, n'sulting from earth-stresses in pre-Torridonian time. • 

It is important to note also that linear foliation is developed in the basic dykes 
whei'e there lias been diderential movement of the constif uents in folded areas. In 
the case of the anticline nia])ped by Mr, Clough, near Poolewe in Koss-sbire, ho 
has shown that the linear foliation is parallel with the pitch of the folds. All 
these phenomena tend to contirm the conclusions arrived at by Mr. Teall, and pub- 
lished in his well-known paper ‘On the Metamorphosis of Holerite into liomblende 
Schist.* * 

The ultrabasic and acid rocks likewise occur in tlie schistose form, for the 
^leridotites pass into talcose schists and the granite becomes gneissose. 

In connection with the development of schistosity in these later intrusive rocks 
it is interesting to observe that wliere the basic dykes merge completely into horn- 
blende schist, and seem to Wcome an integral part of the fundamental complex, 
biotite gneisses and granular hornblende gneisses prevail. AVhatever be the 
explanation, the relationship is siigg(‘stive. 

The unconformabiliiy between the I^wisian gneiss and the overlying Torridon 
Sandstone, which was noted by Maccullccli and conlirmed by later observers, must 
represent a vast lapse of time. When tracing thi.s base-line southwards through the 
counties of Sutherland and Koss, striking evidence was obtained by the Geological 
Survey of the dtmudation of that old land surface. In the mountainous rep^on 
between I^och Maree and Ijoch Hroom it lias been carved into a aeries of deep 
narrow vaUey.s w'ith mountains rising to a height of 2,000 fi^t. In that region it 
is possible to trace the orientation of that buried mountain chain and the direction 
of some of tlie old river course.s. This remnant of Arcluean topography must be 
regarded as one of the remarkable features of that interesting region. 

In 1803 the various divisions of the Torridon Sandstone, ns developed between 
Cape Wrath and Skye, were tabulated by the Geological Survey, which may here 
be briefly summarised. They form three groups : a lower, composed of epidotic 
grits and conglomerates, dark and grey shales with calcareous bands, red sand- 
stones, and grits ; a middle, consisting of a great succe.ssion of false-bedded grits 
and sandstones; an upper, com[)rising chocolate-coloured sandstones, micaceous 
flags with dark shales and calcareous bands. The total thickness of this great pile 
of sedimentary deposits must be upwards of 1(),(X)() feet, and if Mr. Clough's 
estimate of the ilevelopment of the lower group in Skye be correct, this amount 
must be considerably increa.sed. Of .special intert\st is the evidence bearing on the 
stratigraphical variation of the Torridon Sandstone when traced southwards across 
the counties of Sutherland and lloss. Tlie lower group i.s not represented in the 
northern area, but southwards, in Koss-sbirc, it appears, and between Loch 
Maree and Sleat varies from oOU to several thousanu feet in thickness. These 
divisions of the IVirridon Sandstone are of importance in view of the correlation of 
certain sediments in Islay with the middle and lower Torridonian groujis which 
there rest uiiconforraably on a platform of Lewisian gneiss. 

In continuation of the researches of Dr. Jlicks, published in his paper * On Pre- 
Cambrian Hocks occurring as Fragments in the Cambrian Conglomerates in Britain,* 
Mr. T^all has specially investigated the pebbles found in the Torridon Sandstone. 
The local rbasement breccias of that formation have doubtless been derived from the 
platform of Lewisian gneiss on which they rest, but the pebbles found in the coarse 
arkose^tell a diilerent story He has found that they comprise quartzites showing 

* Quart, Jotum, Oeol. Soc.^ vol. xli. p. 1.33. 

* Geol. Mag., 1890, p. 516. 

* Annual Jkejport if the Geological Survey for 1896^ p. 20. 
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contact alteration I black and yellow cherts, jaspers with spherulitic structures 
which indicate that they have been formed by the silification of liparites of the 
* Lea-rock ’ tyjK) and spherulitic felsites that Iniar a striking resemblance to those 
of Uriconian a^ in Shropshire. These interesting relics have been derived from 
formations whicli do not now occur anywhere in the western part of the counties 
of Sutherland and Koss, and they furnish impressive testimony of the denudation 
of the Arc^asan plateait in pre-Torridonian time. 

These Torridoniaii sediments, like the sandstones of younger date, contain lines 
of heavy minerals, such as magnetite, ilmenite, zircon, and rutile.^ The dominant 
felspar of the arkose group is inicrocline, that of the basal group oligoclase. In 
the calcareous sediments of t)ie upper and lower groups fossils might naturally be 
expected, but the search so far has not been very successful. Certain phosphatic 
nodules have been found in dark micaceous shales of the upper group which have 
been examined by Mr. Teall. From their chemical composition these nodules 
might be regarded os of organic origin ; but be has found that they contain 
spherical cells with brown-coloured fibres, which appear to be debris of organisms. ~ 

Early in lost century the Torridonian deposits were referred by Maoculloch * 
and Hay Cunningham ^ to the * Primary Hed Sandstone,’ and by Murchison,^ 
Sedgwick, and Hugh Miller to the Old Red Sandstone. The structural relations 
of the Torridon Mudstone to the overlying series of quartzites and limestones 
were first clearly shown by Professor Nicol/* who tra^ the unconformability 
that separates them for 100 miles across the counties of Sutherland and Koss. 
AVhon Salter minted out the Silurian facies of the fossils found in the Durness 
limestone by Mr. Charles Peach, the Torridonian formation was correlated with 
the Cambrian rocks of Wales by Murchison.'^ The discovery of the Olendlm 
fauna, indicating the lowest division of the Cambrian system, in the quartzite- 
limestone series by the Geological Survey in 1891 demonstrated the pre-Cambrian 
age of the Torridon Sandstone. In view of tlmt discovery, which proves the 
great antiquity of the Torridonian sediments, it is impossible to climb 
picturesque mountains in Assyiit or Applecross without being impressed with 
the unaltered character of these deposits. Yet it can be shown that under the 
iiifluenco of post-('aiiibriau movements they approach the type of crystalline 
schists. 

iiefore proceeding to tlie coiisideratioii of the Durness series of quartzites and 
limestones and their relations to the Easttrii Schists, brief reference must be 
made to the controversy bt^twetii Murchison and Nicol regarding the sequence of 
the strata. 

The detailed map])ing of the belt between Eriboll and Skye by the Geological 
Survey has completely confirmed ^sicoFs conclusions (1) that the limestone is 
the highest member of the Durness series; (2) that the so-called ‘Upper Quartzite’ 
and ‘ Upper Limestone ’ of Murchison’s sections are merely the repetition of the 
lower quartzite and limestone due to faults or folds ; (8) that there is no con- 
formable sequence from the quartzites and limestones into the overlying schists 
and gneiss; (4) that the line of junction is a line of fault indicated proofs of 
fracture and contortion of the strata. It is true that in the course of his invesli- 
gatioi^ NicoFs views underw*eiit a process of evolution, and that even in the form 
in which he ultimately presented them he did not grasp the wdiole truth. We 
now know that he was in error w hen he regarded portions of the Archmau gneiss, 


* Annual Report of the (rcoltuiical Survcif for 1S93, p. 2(>3. 
’ Uid,, 1809, p. 186 


p. 80. 


Trane, GcoL Soc,, ser. 1, vol. ii. p. 450 ; The lIVsfera Jsin of ScotUnul, vol. ii. 
(1830)^*^^^^*^”* 0^ the Uufhlaud tvul Agricultural Society of Scotland, vol. xiii. 

* Trane. GeoL Soc„ ser. 2, vol. iii. p. 155. 

“ Qnart, Jouru. Oeol. Soa,, vol. xiii. p. 17. 

’ Ibid,, vol. XV. p. 363. 

• Ibid., vol. xlviil. p. 227. 
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occurring in tbe displaced masses, as igneous rocks intruded during the earth* 
movements, and that, be failed to realise the evidence bearing on dynamic meta- 
morpbisni resulting from these movements. But I do not doubt tlmt the verdict 
of tne imptirtial historian will be that Nicol displayed the qualities of a great 
atratigraphist in grappling with the tectonics of one of the most complicated 
mountain chains in Europe. * 

The period now under review embraces the reopening of that controversy in 
1878 by Dr. Hicks, and its close in 1884 after the publication ofi the * Report on 
the Geology of the North-west of Sutherland/ by the Geological Survey.* The 
Survey work has confirmed Professor Bonney’s identification of the Lewisian 
gneiss and Torridoii Sandstone in Glen Jjogan, Kinlochewe,^ brought into that 
position by a reversed fault ; and Dr. Callaway’s conclusions regarding oveithrust 
faulting at Loch Broom, in Assynt and in Glencoul.*'* Special reference must be 
made to t he remarkable series of papers by Professor Jjapworth on * The Secret 
of the II ighlands,Mn which he demonstrated the accuracy of Nicols main con* 
elusions, and pointed out that the stratigraphical phenomena are but the counter- 
part of those in the .Vlps, as described by ileim.^ liis researches, moreover, led 
him to a departure from Professor NicoFs views regarding the age, composition, 
and mode of formation of tlie Eastern Schists, for in the paper which ne com- 
municated to the Geologists’ Association in 1884 he announcea that their present 
foliated and mineralogical characters had been developed by the crust-movements 
which operated in that region since the time of the Durness quartzites and lime* 
stones. ' .VIhision must be made also to his great paper *On the Discovery of 
the Olmfi/ttft Fauna in the Lower Cambrian liocks of Britain,’ in which he not 
only chronicled the finding of this fauna at the top of the basal quartzite in 
Shropshire, but suggested the correlation of the Durness quartzites ana limestones 
with the Cambrian rocks elsewhere.'* That suggestion was strikingly contUmed 
within three years afterwards by the discovery of the Olmellm fauna in Ross- 
shire. 

The detailed mapping of the belt of Oanibrian strata has proved the striking 
uniformity of the rock sequence. There is little variation in the lithological 
characters or thicknesses of the various zones. Basal quartzites, pipe-rock, Fticoid- 
beds, Serpulite {ii<iltereUa) grit, limestone, and dolomite form the invariable 
sequence, for a distance of a hundred miles, to the welat of the line of earth-move- 
ments. This feature is also characteristic of the fossiliferous zones, for the sub- 
zones af the pipe-rock, the Olmellm fauna in the Fucoid-beds, and the Salterdla 
limestone have been traced from Eriboll to Skye. Owing to tbe interruption of 
the sequence by reversed faults or thrusts, the higher fossiliferous limestone zones 
are never mot with between Eriboll and Kisliorn, but they occur in Skye, where 
they were first detected by Sir A. Geikie.’ 

Regarding the pakcontological divisions of the system, my colleague, Mr. 
Peach, concludes * that the presence of three species of Olevellue in the Fuemd- 
beds and Serpiilite-grit of the Nortli-west Highlands, nearly allied to the American 
form Olmellm Thoms^oni — the type species of the genus— -together with Hyolitkes^ 
Salterella, and otlier organisms found with it, prove that these beds represent the 
Georgian terrane of America, which, as shown by Walcott, underlies the Para- 
(lo.vules zone.’ Hence he infers that there can be no doubt of the Lower Cambrian 
age of the beds yielding the Olcnellus fauna in tlie North-west Highlands. Mr. 
Peach further confirms Salter’s opinion as to tbe American facies of tbe fossils 
obtained from the higher fossiliferous zones of the Durness dolomite and limestone. 
He states that * the latter fauna is so similar to, if not identical with, tJhat occurring 
in Newfoundland, Mingan Islands, and Point Levis, beneath strata yielding tbe 
. 

* Katurey vol. xxxi. p. 29, November 188-1. 

*, Quart, Jonm. Geol. vol. xxxvi. p. 9.8. « Ihrid., vol. xxxiz. p. 416. 

* Oeol. Maff.y Dec. 2, vol. x. pp. 120, 193, .337. 

* Proc. Oeol, Assoc., vol. viii. p. 438 ; Oeol, Nag,, Dec. 3, vol. ii. 1886, p. 97. 

* Geol, Mag,, Dec. 3, vol. v. pp. 484-487. 

Quart, Jonm, Geol. Soc,, vol. xliv. p. 62. 
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PhyllograptuB fauna of Areuig age, that the beds must bo regarded as belonging 
to the higher diviaiona of the Cambrian formation.’ 

The intruaWe igneoua rocka of the Aaaynt region, of later date than Cambrian 
time, and yet older than the poat-Cambrian moTements, have been specially studied 
by Mr. Teall, who has obtained results of special importance from a petrological 
point of view. This petrograpbical province embraces the plutonic complex of 
Cnoc na Sroine and Lodi l^rolan, ana the numerous sills and dykes that traverse 
the Cambrian and Torridoniaii sediments, and even the underlying platform of 
Lewisian gneiss, lie infers that the plutonic rocks have been formed by the con- 
solidation of alkaline magmas rich in soda. At the one end of the series is tlie 
quartz-syenite of Onoc na Sroine, and at the other the basic augite-syenite, 
nepheline-syenite, aud borolanite. The basic varieties occur on the margin, and 
the acid varieties in the centre. The sills and dykes comprise two well-marked 
tvpes, camptonites or vogesites, and felsites with alkali felspar and legirine, which 
he believes to represent the dyke form of the magmas that gave rise to the plutonic 
mass.* 

The striking feature in the geology of the North-west Highlands is the evidence 
relating to those terrestrial movements that affected that region in post* Cambrian 
times, which are without a parallel in Britain. The geological structures produced 
by these displacements are extremely complicated, but the vast amount of evidence 
obtained in the course of the survey of that belt, clearly proves that, though the 
sections vary indefinitely along the line of complication, they have certain features 
in common which throw much light on the tectonics of that mountain chain. 
Some of these features may thus briefly summarised. 

1. By means of lateral compression or earth-creep the strata are thrown into 
a series of inverted folds which culminate in reversed faults or thrusts. 

2. Without incipient folding, the strata are repeated by a series of minor 
thrusts or reversed faults wliich lie at an oblique angle to the major tlirust> 
planes and dip in the direction from which the pressure came, that is, from the 
east. 

(I. By means of major thrusts of varying magnitude the following structures 
are produced : (or) the piled up Cambrian strata are driven westwards along 
planes formed by the underlying undisturbed materials ; (//) masses of Lewisian 
gneiss, Torridon Sandstone, 5nd Cambrian rocks are made to override the under- 
lying piled-up strata ; (c) the Eastern Schists are driven wrestwards and, in some 
cases, overlap all major and minor thrusts till they rest directly on the undisturbed 
Cambrian strata. 

When to these features are added tlie eflects of normal faulting and prolonged 
denudation, it is possible to form some conception of the evolution of those extra- 
ordinary structures which are met with iu that region. Some of the features just 
described occur in other mountain chains nilected by terrestrial movement, as in 
the Alps and iu Provence ; but there is one w^hich appears to be peculiar to the 
North-west Highlands. It is the remarkable overlap of the Mo:ne Thrust-plane — 
the most easterly of the great lines of displacement. Along the southern coniines 
of the wild and complicated region of Assyut, that plane can be traced westwards 
lor a distance of six miles to the Knockan clifl’, wdiere the micaceous flagstones rest 
on the Cambrian limestone. In Durness w^e find an outlier of the Eastern Schists 
>^^8ing on Cambrian limestone, tlien* preserved by normal faults, at a distance of 
about ten miles from the mass of similar schists east of Loch Eriboll, with w’hich 
It was originally continuous. 

Though many of these structures appear incredible at first, it is worthy of note 
that some have been reproduced experimentally by Mr. Cadall.- lie took layers 
of sand, loam, clay, and plaster of Paris, and after the materials had set into hard 
brittle lamince, in imitat ion of sodimentai'v strata, he applied horizontal pressure 
under varying conditions. The results, some of wliich may here be given, x^ere 
^markable. 


* treo/. J/hy., December 4, vol. vii. p. 385 (1900). 

* 2rani, Royal Soc. Edinbitryh, vol. xxxv. p. 337. 
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1. The compressed mass tends to hud relief along a series of gently inclined 
thrust-planes, which dip towards the side from which pressure is exerted. 

2. After a certain amount of heaping up along a series of miuq;r thrust-planes, 
the heaped-up mass tends to rise and ride forward bodily along major thrust- 
planes. 

3. The front portion of a mass being pushed along a thrust-plane tends td bend 

over and curve under the back portion. » 

4. A thrust-plane below may pass into an anticline above ; apd a majo^ thrust- 
plane above may and probably always does originate in a fold below. 

Now these important experiments confirm the conclusion reached by the 
Geological Survey from n study of the phenomena in the field, viz., that under 
the influence of horizontal compression or earth-creep the rocks in that region 
behaved like brittle rigid bodies which snap|)od across, were piled up and driven 
westwards in successive slices. Ihit, further, thest^ displacements were accompanied 
by diilerential movement of the materials which resulted in the development of 
new structures. These pheiKuiiena culminate along the belt of rocks in immediate 
as.sociation with the Moine Thrust, where the outcrop of that thrust lies to the 
east of a broad belt of displaced materials. There, Ijewisian gneiss, Torridon 
Sandstone, and Cambrian quartzite are sheared and rolled out, presenting new 
divisional planes parallel with that of the Moine Thrust. The Ijewislan gDei8.s 
shades into baser gneiss and sebist, and ultimately passes into a banded rock like a 
phity scliist. The pegmatites show iluxioii structure with felspar ‘ eyeo ' like 
that of the rhvolites. At intervals in these zones of highly sheared rocks, pha- 
coidal masses of I^ewisian gneiss appear, in which the pre-Torridonian structures 
are not wdiolly effaced. The sills of camptoiiite and felsite intrusive in the Cam- 
brian rocks Income .schistose and together with the sediments in which they owur 
appear in a lenticular form. All these mylonised rocks show a characteristic 
striping on the divisional planes, due to orientation of the constituents in the 
direction of movement. 

Still more important evidence in relation to the question of regional metamor- 
])liism is furnished by the Torridon Sandstone. In the case of the basal con- 
glomerate the pebbles have been flattened and elongated, and a fine wavy structure 
ha.s been developed in the matrix. In the district of lien More, Assyiit planes of 
schistosity, jnore or less parallel with the planes off the lien More Thrust, pass 
downwards from the Torridon conglomerate into th<* underlying gneiss. Both 
have a common foliation irrespective of the unconformabihty between them. 
Again, along the great inversion .*«outh of Stn^meferry, foliation has been developed 
in the Torridon conglomerate and overlying T^iewisian gneiss, parallel to the plane 
of the Moine Thrust. The Torridon grits and sandstones south of Kinlocnewe 
and between Kishorn and Loch Alsh are similarly affected by the post-Cambrian 
movements. Mr. Teall baa shown that the quartz grains have been drawn out 
into lenticles and int«j thin folia that wind round ‘ eyes ’ of felspar. A second^ 
crypto-crystalline material ha.s been produced, sericitic mica appears in the divi- 
sional planes, and in some instances biotite is developed. In short, he concludes 
that in these deformed Torridonian sediments there is an approximation to the 
crystalline schists of the 3loine ty|^. The stratigriiphical horizon of these rocks 
can be clearly proved. The subdivisions of the Torridon Sandstone have been 
recognised in those displaced masses which lie to the east of the Kishorn Thrust 
and to the w'est of the Moine Thru.st. Jt is worthy of note also that in the belt 
of highly sheared gneiss south of Stromeferry that comes between the Torridonian 
inversion in the west and the Moine Thrust on the east Mr. Peach has found 
foVled and faulted inliers of the basal division of the Torridon Sandstone that have 
a striking resemblance to typical Moine schists. 

Kegarding the age of these post- Cambrian movements, it is obvious that they 
must be later than the Cambrian limestone and older than the Old lied Sandstone, 
for the basal conglomerates of the latter rest unconformably on the eastern schisto 
and contain pebbles of basal quartzite, pipe-rock, limestone, and dolomite derived 
from the Cambrian rocks of the North-west Highlands. ^ .. 

East of the Moine Thrust or great line of displacement extending from Eriboll 
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to Skye^ we enter the wide domain of the metamorphic rocks of the Highlands, a 
region now under investigation, and which presents difficult problems for solution. 
Two prominent types of crystalline schists (Caledonian series, Callaway, and Moine 
schists of the Geological Survey) have been traced over wide areas in the counties 
of Sutherland, Koss, and Inverness, and across the Great Glen to the northern 
slopes of the Grampians. Consisting of graimlitic quartzose schists and muscovite- 
biotite schist or gneiss, th<[^ appear to be of sedimentary origin, though crystalline. 
They are associate^ with recognisable masses of Lewisian gneiss covering many 
square miles of ground and presenting many of the structures so characteristic of 
that complex in the undisturbed areas already described. Within the belt of 
Lewisian gneiss at Glenelg Mr. Clough has mapped a series ol rocks presumably of 
sedimentary origin, including graphitic schists, mica schists, and limestones, but the 
gneiss with which they are associated possesses graimlitic structure like that of the 
adjoining Moine schists.^ P^urther, in the east of Sutherland, and also in the 
county of Koss, foliated and massive granites appear wliich are interleaved in the 
adjoining Moine schists, forming injection gneisses and producing contact meta- 
morphism.^ 

ill the Jilastern Highlands the ^loine series disappears and is replaced by a 
broad development of schists, admittedly of sedimentary origin, which have l>een 
termed the Dalradian series by Sir A. Geikie, Within recent years it has been 
divided into certain rock-groups which have been traced by the Geological 
Survey from the counties of Banff and Aberdeen to Kintyre. It has been found 
that, though highly crystalline in certain areas, they pass along the strike into 
comparatively unaltered sediments, as proved by ^Ir. Hill in the neighbourhood of 
Loch Awe.^ Before the planes of schistosity were developed in these Dalradian 
schists they were pierced by sills of basic rock (gabbro and epidiorite) and acid 
material (granite), both of which must have shared in the movements that affected 
the schists, as they merge respectively into hornblende schists and foliated granite 
or biotite gneiss. Both seem to Lave developed contact im^tamorphism ; indeed, 
Mr. Barrow * contends that the regional metamorphism so prominent in the south- 
east Highlands is mainly, if not wholly, due to tlie intrusion of an early granite 
magma, now exposed at the surface in the form of local bosses of granite and 
isolated veins of pegmatite. 

The age of the Dalradian •schists has not been determined. Though there 
seems to be an apparent order of superposition, in this series it is still uncertain 
whether that implies the original sec^uence of depositiou. Since Sir A. Geikie 
applied the term Dalradian to the Eastern Highland schists in 1891,*' evidence ha.s 
been obtained^ that suggests the correlation of certain rocks along the Highland 
border with the Arenig and younger Silurian strata of the Southern Uplands. 
Consisting of epidiorite, chlorite schist, radiolarinu cherts, black shales, grits, and 
limestone, tliey have been traced at intervals from Arran to Kincardineshire. In 
the latter region Mr. Barrow contends that tliey are separated by a line of dis- 
ruption from the Highland schists to the north ; but no such discordance has been 
detected in the Callander district or in Arran. Though these rocks of the High- 
land border have been much deformed, yet their occurrence in the same oi*der of 
succession in that region and in the Southern Uplands is presumptive evidence for 
their correlation. 

In view of this evidence it is not improbable that the Dalradian series may 
contain rock-groups belonging to different geological systems. Indeed, the result 
of recent Survey work in Islay tends to support this view. For in the south-west 

* Summary of Program of the Geological Survey for 1897, p. 37. 

* * On Foliat^ Granites and their Kclations to the Crystalline Schists in Eastei^ 
Sutherland,* Quart, Jattrfi. Geol, Soc,, vol. Hi. p. 633. 

Annual Report of the Geological Survey for 1893, p. 265. 

* * Intrusion of Muscovite-biotite Gneiss in the South-east Highlands and its 
accompanying Metamorphism,’ Quart, Jonrn, Geol, i&c., vol. xlix, p. 330. 

^ Quart, Joum, Geol, Sifc., vol. xlvii. p. 72. 

18Q« Report of the Geological Su/rrey for 1893, p. 266 for 1896, p. 25 ; for 
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part of that island tJion» is a mass of J^t!wisiaii ;^iioi.ss overlaid unconformablj bjr 
sedimentary strata wbicli Iiavo bt^n correlated with the lower and middle diviaioiis 
of the Torridon Sandstone, l-nfortunately the sequence ends here, as both the 
]prneiss and overlying sediments are separated by a line of diaruption or thrust* 
plane from the strata in the eastern part of the island. And v'it, notwith- 
standing this break, the evidence obtained in the latter district is remarkable, 
whatever theory be adopted to explain it. There the C^slay limestone and black 
slates appear to be covered iinconformably by the Islay ^^lartzite containing 
Annelid tubes and followed in ascending sequence by Fucoidal shales and 
dolomites, suggestive of the (Cambrian succession in Sutherland and lioas. The 
Islay quartzite passes into Jura, thence to the mainland, and it may eventually 
prove to be the Perthshire quartzite, while the Islay limestone and black slate are 
supposed to be the prolongations of the limestone and slate of the Loch Awe 
series in Argyllshire.' 

From the foregoing data it will be seen that much uncertainty prevails 
regarding the age and structural relations of the metamorphic rocks of the Higfa- 
lands, but the difliculties that here confront the observer are common to all areas 
atTected by regional nietamorphisin. 

A prominent feature in the geology of the Eastern Highlands is the great 
development of later platonic rocks chiefly in the form of granite ranging along 
the Grampian chain from Aberdeenshire to Ar^llsbire. In connection with one 
of these masses a remarkable papt^r appeared in 1802 which in my opinion has 
profoundly influenced petrological inquiry in Scotland from the li^ht which it 
threw on the relations of a connected series of petrograpbical types in a pliitonic 
complex. I refer to the paper on the * I'iutouic Kocks of Garabal Hill and Meall 
Breac,’ by Mr. Teall and Mr. Dakyns.- 

The authors show(*d that this plutonic mass comprises granite, tonal ite, augite* 
diorite, picrites, seiqientine, and other compounds. Mr. Teall regards the xnembers of 
this sequence as jiroducts of one original magma by a process of diflerentiation, the 
peridotites lieing the oldest rocks, because the minerals of which they are composed 
are the first to form in a platonic magma. As the process of consolidation 
advances, rocks of a varied composition arise, in the order of increasing acidity, 
viz., diorites, tonalites, and granites. The most acid rock consists of quartz and 
orthoclase, which may represent tlie mother liquor after the other constituents 
had separated out. Mr. Teall concludes that progressive consolidation of one 
resereoir gives rir^o to the formation of magmas of increasing acidity, and. hence 
that basic rocks should precede the acid rociis. This theory of magmatic differen- 
tiation — so strenuou.sly advocated by Brogger, Vogt, Bosenbuscb, Iddings, Teall, 
and others — was first applied to the interpretation of varied types of plutonic 
masses in Scotland by r. Teall in the paper referred to. Since then he has 
extended its application to the granite masses in the Silurian tableland of the 
south of Scotland, whicli include rocks, ranging from kyperites at the one end to 
granitite with microcliiie, and aplite veins at t he other.’' Many of the phenomena 
presented by the newer gninite masses of the Eastern Highlands seem to lend 
support to this theory. These views, indeed, have permeated the petrological 
descriptions of the granitic protrusions in the counties of Aberdeen and Argyll 
w'hich have been given by Messrs. Barrow, Hill, Kynaston, and l^raig * in recent 
years. * , 

One of the remarkable advances in Scottish geology during the ‘period under 
review is the solution of the or(l(3r of succession and tectonic relations of the 
Silurian rocks of the south fif Scotland by Professor Lapworth. The history of 
research relating to tliat tableland, and of all his contributions to the problem® 

* Summary of Proqreax for 18^0, ]>. Ilfi, 

® Quart Jouru. (Jeol. vol. xlviii. p. 101. 

• • Annual Jlcpurt (ffthr (rcoloyical Stnrey for 1806, p. 40; see also ‘ The Silurian 

Rocks of Scotland,* Geological Surveg Memtkrt 1899, p. 607. 

* Annual Ileptcrt of the Gcologicat Survey ior 1897, p. 87 ; for 1898, pp. 26-28 ; s®® 
also paper on < Kentallenite and its Relations to other Igneous Rooks^n ArgyUahl^» 
Quart, Journ. Oeol, Soc,^ vol. Ivi. p. 631. 
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connected with it, has been given in detail in the recent volume of the Geological 
Survey on that formation. At present it will be sufficient to refer to his three 
classic papers, which, in my opinion, record one of the great achievements in 
British geolojy. The first, on ‘The Moffat Series/ ^ demonstrated, by* means of, 
the vertical distribution of the graptolites, the order of succession in those fine 
deposits (black shales and mudstones), which were laid down near the verge of 
seaimentation, and are noV exposed in atiticlinal folds in the central belt. The 
second, on ‘The Oirvan Succession/ “ showed how certain graptolite zones of the 
Moffat shales are interleaved, in tlie Girvan reirion, with conglomerates, grits, 
sandstones, flagstones, mudstones shales, and limestones, charged with all the 
varied forms of life found in shallow seas or near shore. In the third, on ‘ The 
Ballantrae Rocks of the South of Scotland and their Place in the Upland 
Sequence/^ he indicated tlie distribution and variation of the Moffat terrane 
(Upper Llandeilo to Upper Llandovery) and of the Gala terrane (Taraiinon), 
which form the greater part of the uplands. lie further pointed out how the 
rocks and the fossils vary across the uplands according to tlie condit'ons of 
deposition. Finally he proved that the complicated tectonics of the Silurian 
tableland, its endles.s overfolds, its endocHnal and exoclinal structures, can be 
unravelled by means of the graptolite zones. The.se researches disposed of the 
order of succession based on Barrande*s doctrine of Colonies, and established the 
zonal value of graptolites as an index of stratigraphicol horizons. So complete 
was the zonal method of mapping adopted by Professor Lapworth,and so accurate 
were his generalisations, that few raodification.s have been made in his work. 

In the course of the re-examination of the Silurian tableland by the Geological 
Survey some important additions were made to our knowledge of the Silurian 
system as there developed. Underlying all the sediments of the uplands there is 
a series of volcanic and platonic rocks of Arenig age, the largest development of 
which occurs at Ballantrae in Ayrshire, where their igneous character was recog- 
nised by Professor Bonney. But they appear in the cort‘s of numerous anticlines 
over an area of about 1 ,600 square mdes, forming one of the most extensive 
volcanic areas of Pala30zoic age in the British Isles. These volcanic rocks are 
overlain by a band of cherts and mudstones, succeeded by black shales yielding 
Glenkiln graptolites of Upper Llandeilo age. The cherts, which are abundantly 
charged with Radiolaria, implying oceanic conditions of deposition, are about 
70 feet thick, and have been traced over an area of about 2,000 square miles. 
The deposition of the Iladiolarian ooze must have occupied a long lapse of time. 
Indeed the cherts and mudstones represent the strata which, in other regions, form 
the Upper Arenig and Lower fdandeilo divisions of the Silurian system. They 
furnish interesting evidence of the oceanic conditions which here prevailed in 
earl;^ Silurian time, and form a natural sequel to Professor Lapworth s researches 
bearing on the graptolitic deposits of the Upper Llandeilo period, which must have 
been laid down on the sea-floor near the limit of the land-derived sediment. 

Of special interest is the new' fish fauna found by the Geological Survey in the 
Ludlow and Downtoniaii rocks between Ijesmahagow and Muirkirk, which the 
researches of Dr. Traquair have shown to be of great biological and palaeonto- 
logical value.^ This discovery has enabled him to give a new classification of the 
Ostrmodennif to enlarge the order of the Heterostraci, which now includes four 
families, instead of the I^eraApido! alone. He has further shown that the 
Ccelolepidc^Vfete not Cestraciont sharhs to which the spines belonged, but 

^eteroatracij though probably of Elasmobrancli origin, judging from the shagreen- 
Hke scales. The Cmlolepida are common fishes in the Ludlow and Downtonian 
WKjks of Lanarkshire. The genus, T/ielodus, first described by Agaasiz from 
detached scales in the Ludlow bone-bod, and subsequently figured and desdVibed 
by Pander and Rohon from scales in the Upper Silurian rocks of Oesel, is hero 
i^presented for the first time by nearly complete forms. But it is remarkable that 
no Onchua spines, nor any Pteraspidre, nor Cephahspidte have been found in the 

* Quart, JIfum, Geol. 8oc., vol. xxxiv. p. 240. * Ihid,, vol. xxxviii. p. 537. 

OeoU Mag,^ Dec. 3, vol. vi. p. 20. • Trana, Hoy, Soc. Edin,, vol. xxxix. p. 827. 
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Lanarkshire strata, the nearest n'latiHl penus to Cfphala$}>U being AWeatpis 
which, however, represents a distinct family. ^ ' 

The group of siindstones, conglomeraU's, shales, and mud tones that form the 
passnge-lx*ds hetwi*^! tlie Ludlow rocks and the Lower (^M Itod Sandstone in 
Lanarkshire are now reganled us tin' «‘<iuiyalenls of the iMwntonian sta'ata in 
Shropshire, and are linked with the Silurian system* Th«- mudstones of this 
group, ctmtaining the new lish fauna, likewise yield ostracods^ phyllocarid crus- 
taceans, and eiirypterids forms which connect these bt^ds with the underlyiiu; 
Ludlow ivcks. The band of grrywjxcktwonglomenite, that extends from the 
IVntland Hills into Ayrshire, composed largely of pebbltvs derived from the 
Silurian tableland, is now taken as the Iwise line of the Lower Old Red Sandstone 
on the Siiiith side of the great midland valley of Scotland. 

The period under review has Ik'cii marked by important additions to our know- 
ledge of the Old Jicd Sandstone formation. In 1878 nppearoil a valuable mono- 
graph by Sir Archibald Oeikio on * The Old Ihul Sandstone of Western Kur^/i 
by far the most important treatise on th.is subject since the publication of Hwb 
!!uiller*s classic worK published in 1841. Following up the view maintaiiied or 
Flemings Godwiii-A listen, and Ramsay, fliat the deposits of this formation were 
laid down in lakes or inland seas, he defined the geographical areas of the various 
basins in the British area, giving to each a local name. lie gave an outline of the 
development of the rcKsks nortli of the Grampians, in Caithness, Orkney, and 
Shetland. lie advanced an ingenious argument in favour of correlating the 
Caithness flagstone series (middle division, Murchison) with the Lower Old 
Sandstone south of the Grampians, lie contended that ^ the admitted palaeonto- 
logical distinctions between the two area.s are probably not greater than the 
striking lithological diflferences lietween the strata would account for, or than the 
contrast between the iohthyic faunas of adjacent but disconnected water basins at 
the present time.’ Sir A. Geikie further gave a table showing the verticiU range 
of the known fossils of the Caithness series from data partly supplied by the late 
Mr. 0. Peach. 

During the last ouarter of a century T)r. Traqiiair has made a special study of 
the ichthyology of tne Old Rvd Sandstone and Carboniferous strata of Scotland, 
which has enabled him to throw much light on the distribution of fossil Ashes in 
these rocks and on their value for the purpose of correlation. His researches 
show that the fish fauna of the formation south of the Grampians resembles that 
of the i^ower Old Red Sandstone of the West of England and adjoining part of 
Wales in the abundance of specimen.^ of Cephalaspin, tluj common species in 
Forfar-shire (6^ LjpUiy Apr.) being also indistinguishable from that in the Hereford- 
shire beds. JPteraffpiJ* occurs in both region.^ though of different species. Of 
Acanthodians Parexus recur Ag., occurs in both, together with' Cliinatins 
(6\ omatus, Ag.). The abundance of Cephalaspis {C, Campbelltonenm^ Whit., 
C, Jexi, Traq.) and of Ciimatii/x spines is characteristic of the Lower Devonian 
rocks of Canada. } 

The ( )ld Red Sandstone of Lome has recently yielded organic remains, akin to 
those found in Forfarshire, south of the Grampians, vix., i^^halaspis Lornenm 
(Traq.), two species of myriapods (Campeearia Forfarensis and a species of 
Archi flesni 

In the deposits of Lake Orcadie, north of the Grampians, quite a'difi*erent fish 
fauna from that of Forfarshire appoar-s. Dr. Traquair has noted that there are no 
species common to the two areas, and only two genera, viz., MesacanthM and 
Cephalaspis, The latter genus is, however, represented in Caithness onlv by a 
single specimen of a species (C. mnynifica^ Traq.) different from any found el^- 
where. It might here be observed that Cephalmpis is represented also in the 
Upper Devonian rocks of Canada by a single specimen of a peculiar species 
(C. laticepSf Tr^.), and hence Dr. Traquair has shown that, though CepMU^p^^ 
most abundant in the Lower Devonian, It extends also into the upper division oi 

» Tram, Roy. 8oo., Min., vol. xxviii. p. 346, ^ 

* Summary of PTogre»»,\ Oeologieal Survey, 1897, p. 83. 



that system. It further appears that O^teolepiden {Osteoleps^ Dtp/opt^r^h 
Ithizodontido! (Tnstichttpterim, Gi^roptychim), Holoptychiida {GlytwdpiSjf 
AsUrolepidcp {IHerichthyn^ Microhrachim), Ctanodonlida (Dipterus) are abundant 
in tiic Orcadian fauna, none of which has occurred in the Lower Old lied Sand- 
stone of Forfarshire, the West of England, or in the Lower Devonian rocks of 
Canada. Dr. Traquair recognised, however, the identity of the fishes from the 
well-known fish band in the basin of the Moray Firth with those brought from the 
west part of Orkrt^y, though these forms did not quite agree with tlie fossils from 
the Inurso district. lie subsequently found that the fish fauna from the Orcadian 
beds in the Moray Firth basin la*' represented in Caithness by that of Achanarras ; 
and, further, thaf two other faunas occur in the Caithness area — that of Thurso 
and that of John o* Groats as given below : — 

. . . { ssazrsrS"' 

r Coecoxteug minors IT. Miller. 

Thurso 'ITivrsiMB 2)1iolidatn8» Traq. 

I Oxteolepu mierolepidotng. Pander. 

{ Pterichthyg^ 3 species. 

Clieirolepn TrailU^ Ag. 

Osteolejpg macrolejndotAiB^ Ag. 

In 1898 appeared an important j)aper by Dr. Flett on * The Old lied Sandstone 
of the Orkneys,’ ' in which he described the results of his detailed examination of 
the islands. lie proved the existence there of three fish faunas, and their 
correspondence with those identified in (.'‘aithness by Dr. Traquair. From the 
evidence in the field he adopted the following order of succession and correlation 
of the strata: — 

3. Eday Sandstones and John o’ Groats beds. 

2. Rousay and Thurso beds. 

I . Stromness, Achanarras, and Cromarty beds, 

A further important result of Dr. Flett’s researches in the Old Red Sandstone 
of these northern isles was communicated to the Royal Society of Edinburgh this 
year. He has found in the Shetland beds, which had previously yielded no fossils 
save plants, fragments, identified by Dr. Traquair as Holonvma^ a fish new to 
Britain, but occurring in the Chemung group of Aorth America, the subdivision 
of the Upper Devonian that immediately underlies the Catskill red sandstones, 
with remains of Jlolojdychim. Dr. Traquair has also recognised in Dr. Flett’s 
collection fragments of Asterolefds, a genus characteristic of the Upper Old Red 
Sandstone, and which, as proved by Dr. Flett, occurs in the ^ ITiurso beds ’ of the 
Orkneys. The interest attaching to this discovery is very great, for Dr. Flett 
contends that it indicates a fourth life-zone in the Orcadian series, and, further, 
that it tends to span the break between the Orcadian division and Upper Old Red 
Sandstone. 

In the Upper Old Red Sandstone on the south side of the ^foray Firth, Dr. 
Tra^air recognised two life-zones, and subsequently, with the assistance of 
Mr. Taylor, Lhanbryde, a third ; in the following order. The lowest is that of the 
Nairn san^toues with Asterolepig viaxima (Ag.) ; the second, that of Alves and 
^caat Craig with Bothriolepis major (Ag.), PsammoBfetts Tayhri (Traq.) ; and the 
bighest that of Rosebrne, the fauna of which, according to Dr. Traquair, has a 
striking resemblance to the assemblage in the Dura Den Sandstones in Fife. 

Before 1876 all the Carboniferous areas in the great midland valley of Scotland 
had been mapped by the Geological Survey, The extent and structural relations 
of the various coal-fields were determined according to the information then 
available, and sliown in the published maps. But the rapid development of certain 
fields in the east of Scotlana necessitated a revision of them which has lately been 
done. Tlie [^''ife coal-field has been re-examined by Sir A. Geikie, Mr. Peach, and 

* Trans. Ray* Soe* Edin,^ vol. xxxix. p. 388. 
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Mr. Wilson, and the oil-shale fields in the Lothians have been mimped bj 
Mr. Cadeli. An important memoir by Sir A. Geikie on ^The Geology of Central 
and Western Fife and Kinross ’ has just been issued by the Geolo^cal Survey, in 
which the structure of these coal-fields is described. ' Mr. Cadeli lately gave an 
account of the geological structure of the oil-shale fields in his presidential address 
to the Edinburgh Geological Society. * ^ 

Within the period under review detailed researches of great importance on the 
fossil flora of British Carboniferous rocks have been carri^ out .by Mr. Kidston, 
to which reference ought to be made. The results are of the highest value for 
correlating the strata in diifcrent areas.* By means of the plants he arranges the 
Carboniferous rocks of Scotland in two great divisions : a lower, comprising the 
Calciferous Sandstone and Carboniferous Limestone series ; and an upper, including 
the Millstone Grit and the Coal-measures, there being a marked palieontolpgical 
break at the base of the Millstone Grit, lie shows that the upper and lower 
divisions of the system, not only in Scotland but in Britain, are characterised by a 
different series of plants, not one species jessing from the lower division — save in 
the case of Stit/mana —into the upper. From his researches it appears that, among 
ferns, NeuropterU is all but unknown in the lower division, whereas in the upper 
it is very abundant. The Sphenopterids are proportionately common in mith 
divisions; but those of the lower are usually characterised by cuneate segments, 
while those of the upper have generally rounded pinnules. Alethopteris^ so 
common throughout the whole of the upper series, is entirely absent from the 
lower. The genus Calamitea^ which is extremely plentiful in the upper. Is almost 
entirely absent from the lower division, where its place is taken by Asterocalamitea, 
The Cordaitea are also rare below the Millstone Urit, though very plentiful above 
that horizon. Sigillaria, so rare in the Lower Carboniferous rocks, is extremely 
abundant in the upper division, and particularly in the middle Coal-measures. In 
short, Mr. Kidston concludes that the floras of the two main divisions of the 
Carboniferous system, though belonging to the same types, are absolutely distinct 
in sp^ies, and in the relative importance of the genera. 

By means of the fossil plants Mr. Kidston correlates the Coal-measures of 
Scotland underlying the red sandstones with the lower division of the Coal- 
measures of England, and the overlying red sandstones of Fife with the middle 
division of the English Coal-measures. ^ 

It is remarkable that the evidence supplied bv the fossil fishes has led 
Dr. Traquair independently to a similar conclusion. He holds that fossil ichthyo- 
logy proves the existence of only two great life-zones in the Carboniferous rocks 
of Central Scotland — an upper and a lower — the boundary line between the two 
being drawn at tlie base of the Millstone Grit. The Scottish OarlK)niferous rocks, 
being mostly estuarine, give an opportunity of comparing the estuarine fishes of 
both divisions, lie finds the Coal-measure fishes of Scotland to be the same as 
those in the English Coal-measures, while those occurring below the Millstone 
Grit in Scotland are mostly different in species, and often, too, in genera, from the 
forms above that horizon. 

Of special interest as bearing on the former extension of this system in Scot- 
land is the discovery made by Professor Judd' in 1877 of a patch of Carboniferous 
sandstones and shales, with well-preserved plant remains in Morven. Another 
small outlier of this formation has recently been found in the Pass of Blander by 
the Geological Survey.^ 

The reptiles from the Elgin sandstones, recently described by Mr. E. T. Newton,* 
add fresh interest to the study of these rocks. The structural relations of these 
sandstones have been fully treated hy Professor Judd in bis great paper on the 
Secondary Rocks on the east of Scotland,'' and again in his presidential address 

» ‘ On the Various Divisions of British Carboniferous Bocks as determined by their 
Fo^il Flora,* Proe. Boy, Bhya. Soc, JSdin., vol. xii. p. 183 (1893). 

- Qmrt, Joum. OeoL Soo,, vol. xxxiv. p. 686. 

* SumnuMry of ProyroM^ ffeoloyical Siorvey^ 1898, p. 129. 

« Phil. Tran$.^ vol. clxxziv. p. 431 (1893); vol. clxzxv. p. 573 (1894). 

• Qmrt. Joum. Qeol. Soc., vol. xxix. p. 98. • 
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to this Section at Aberdeen,* who confirmed Huxley's well-known correlation of 
these beds with the Tiias. The IMcynodont skull, identified by Professor Judd 
and Dr. Traqoair at the Aberdeen meeting of the British Association in 1885, and 
other remains found in the reptilian sandstones in Cutties Hillock Quany, where 
theyarest on Upper Old Bed Sandstone with Holoptychim^ have been described by 
Mr. Newton. He con^med their affinity with Dicynodonts, though they were 
referr^ to the genera Gordonia and Geikia, But the most remark^le specimen 
was the skull (tamed by Mr. Newton Ebjinia mirabUis, This extraordinary 
creature, with a pair of horns projecting like those of a short-horned ox, and with 
smaller spines and bosses, numbering thirty-gine, is related to the great Pareto^ 
saurtu from the Karoo beds of South Africa. Two other reptiles are described by 
Mr. Newton from this quarry, namely, a small crocodile-like animal, Erpetotuchus 
Granti — apparently nearly allied to Stagonolepis — and Ornithosuchus Wood^ 
xmrdiy which is probably a small Dinosaiirian. 

Mr. Newton nas raised an interesting point in connection with his researches. 
He calls attention to the fact that the reptilian remains from the Cutties Hillock 
Quarry differ from those found at other localities in the Elgin district. For 
example, the Lossiemouth sandstones have yielded Stagonolepis, Hyperodapedon^ 
and Tderpeton ; and the Cutties Hillock sandstones, the Dicynodonts (Gordonia 
and Geikia)f the horned reptile {E/gi?ita), the small crocodile-like ErpetosuchuB^ 
and the little Dinosauriaii Ovnithosuchm. Does this distribution indicate 
different stratigraphical horizons ? is virtually the point raised by Mr. Newton. 
In connection with this inquiry he cites the evidence obtained in other 
countries. Thus, in the Gondwana beds of India, the series of reptiles similar to 
those of Elgin occur at different localities « and on different stratigraphical 
horizons ; Dicynodonts and Labyrintkodonts being found in the lower Panchet 
rocks, while Ilyperodapedon and Parasuchtts (allied to Stagonolepis) are met with 
in the higher Kota-Maleri beds. Again in the Karoo beds of South Africa the 
Dicynodonts and the great Pareiasatinis — the latter being the nearest known ally 
of the honied reptile {Elginia mirahilis) from Cutties Hillock, Elgin — occur low 
down in that formation. Further light is thrown on the question by the interest- 
ing discoveries of Amalitzky in Northeni Russia, where a number of reptilian 
remains have been found closply allied to PareiasauniSy Elginia, and Dicynodon^ in 
beds, which are referred to the Permian formation and accompanied by plants and 
mollusca which seemingly confirm this reference.* 

In view of these mreign discoveries Mr. Newton concludes that the Elgin 
sandstones may probably represent more than one reptilian horizon, and that we 
are confronted with the possibility of their being of Permian age. 

The difficulty of drawing a boundary line between the Trias and the Upper 
Old Red Sandstone of Elgin, which impressed the mind of the late Dr. Gordon, has 
had to be faced elsewhere in Scotland, In Arran, my colleague Mr. Gunn has 
shown that the Trias there rests on the Upper Old Red Sandstone, both forma- 
tions having a similar inclination. Even he, with his ripe experience, has had 
great difficulty in drawing a boundary between them on the w^est side of the 
island ; but when the base line of the I'rias is traced eastwards to Brodick it passes 
transgressively on to Carboniferous rocks. 

Of special importance is the recent discovery in Arran of the fossils of the 
-d.vicnla contoHa zone^ by Mr, Maccouochie, of the Geological Survey, to whose 
skill as. a fossil collector Scottish geology owes much. With these, occur 
j^wer Liassic fossils, in sediments which are not now found in place in the island. 
These fossiliferous patches are associated with fragmental volcanic matorials 
filling a groat vent, the ago of which will be referred to presently. Thjs dis- 
covery has fixed the Triassic age of the red sandstones and marls in the south of 
Arran. The detailed mapping of the island by Mr. Gunn has demonstrated that 

* BHt, Assoe. for 1885, p. 994. 

Y. Amalitzky, iSur let fouiUes do 1899 do dkbrU de vertebres dans Us depots 
de la Eussie du nord. Varsovie, 1900. 

Summary of Progress^ Geological Survey^ 1899, p. 138. 

1901 . 


TT 



ISO 


rbport~1901. 


the Triassic sandstones rest partly on the Old Ked Sandstonei paHlj on tho Oar* 
boniferous Limestone Series and 'partly on the (^oal-measursa, 

' In 1878 appeared the third or Processor Judd’s great papers on the Seoondair 
Hocks of Scotland, wherein he unravelled^ the history of these strata as developed 
in the east of Scotland and in the West Highlands. His admirable research^, in 
continuation of the work done by Bryce, Tate, and others ^mbroced the identifica- 
tion of the life-zones, their correlation with those of other regions^ the histoiy of 
tlio physical conditions which prevailed in Scotland during MesozOic time, and the 
working out of the structunil relations of the strata.’ Ho showed that their 
preserv^l^ion on the east of Scotland yiis due to tlfe existence of gi^eat faults, and 
those in tlie West Highlands to the copious outpouring of the Tertiary lavas. He 
\\ ;is the first to detect the occurrence of Cretaceous rocks in the West Highlands 
and to show the marked iinconlbrmahility which separates them from the Jurassic 
strata. His main life-zones and his main conclusions regarding the Secondary 
Rocks of Scotland have so far been confirmed by the detailed mapping of the 
Geological Survey. An intiTcsting addition to our knowledge of these rocks was 
made hy my colleague, Mr. Woodward, in the course of his field work, who found 
the oolitic iron ort> in the Middle Lias of llaasay, the position of which corresponds 
approximately with that of the Cleveland ironstone.* 

The extensive plateau of Tertiary volcanic rocks in the Inner Hebrides has been 
a favourite field of research ever since the timt^ of Macculloch, the gi*eat pioneer 
in West Highland gt'ology. During the period under review much work has been 
done in that domain. According to i'rofessor Judd, that region contains the 
relics of five great extinct volcanoes and several minor cones, indicating three 
periods of ign<.»oiis activity*. The lijst was characterised by the discharge of acid 
lavas and ashes, the molten material consolidating down below as granite ; the 
second by the outburst of basic lavas, now forming the basaltic plateau, connected 
with deep-seated masses that appear now as gabbro and dolerite ; the third by the 
appearance of 8pora<lic cones, from wliich issued minor .streams of lava.'’ 

In 1888 Sir A. Geikie communicated bis elaborate monograpli on the history 
of Tertiary volcanic action in Britain to tJie Royal Society of J^Jdin burgh, ‘ which 
has been incorporated, with fuller details, in his recent work on ‘The Ancient 
Volcanoes of Great Britain.’ His main conclusions may thus be briefly stated : 

1. The great basaltic plateaux did not emanate from central volcanoes, but are 
probably due to fissure eruptions; 2, the basaltic hiviis were subsequently 
pierced by laccolitic masses of gabbro, which produced a certain amount of contact 
alteration on the pre> iously erupted lavas ; .‘5, the protrusion of masses of grano- 
phyre and other acid materials by means of which the ))a8io rocks were disrupted. 

During the last six years Mr. llarker ha.s been engaged in mapping the central 
part of the isle of Skye, and in the petrographical study of the i*ock8, the results 
of which have been summarised in the annual reports of the Geological Survey. As 
regards the basaltic lavas, he finds that while they have been of vast extent the 
individual flows have been of feeble volume, and show no evident relation to 
definite centres of eruption. There were two local episodes, however, which took 
the form of central eruption.^ ; one repn^ented by a number of explosive outbursts 
at certain points ; the other, in the basalt sucetjssion, gave rise to rhyolitic rocks. 

Mr. Harker further finds that the .succeeding plutonic phase of activity, confined 
in Skye to what is now the central mountain tract, is represented by three groups 
of plutonic intrusions, in the following order ; peridotites, gabbros, and granites. 
The metamorphism set up in the ba.saltic lavas near the large plutonic masses pre- 
sents points of interest, especially the widespread formation of now lime-sodar 
felsfiar^ from the zeolites in the lavas. 

After the intrusion of the granite of the Red Hills, Mr. Harker finds that 
igneous activity took the form of intrusions of smaller volume, but in some cases 

^^*2 A, * Quart. Jowrn. Gcol. Soc.^ vol. xxix. p. liT, vol. xxxiv. p, (560. 
t Sum. ' V- (1803). 

4 pkiU ^ Quart. Journ. Gcol. Sue.., vol. xxx. p. 220. ^ 

ft Quar * Trans. Hoy, Soc. Min., vol. xxxv., part 2, p. 23. 
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of wide diaUibution; Tbe greet group of dolerite sills beldngs to this period. An 
enormous number of acid and basic dykes followed, of several distixxct epochs. A 
set of minor basic intrusions of quite late date is found in the gabbro district of tbe 
Cuillins, the most interesting of -which takes the form of sheets of dolerite, parallel 
at any given locality, but always dipping towards the centre of the gabbro area. 
Mr. tlarker considers that this remarkable system of injections presents a new 
problem in the mecbanlbs of igneous intrusion. The latest phase of vulcanicity in 
the Cuillin distiict is a radial group of peridotite dykes. As regards the local 
j^up of rock in Centrul Skye Mr. llarker tinds that the order of increasing 
acidity which ruled in the pliitonic phase was reversed for the minor intrusions 
which followed. 

In connection with the great development of volcanic activity in the West of 
Scotland in Tertiary time reference must be made to the remarkable volcanic vent 
ill Arran the recognition of which is due to tbe suggestion of my friend 
Mr. Teach. This volcanic centre covers an area of about eight square miles, and 
lies to the south of the granite area of the island.^ The vent is now filled with 
volcanic agglomerate and large masses of sedimentary material, some of which 
have yieldi^ the llbmtic and Lower Lias fossils already referred to, the whole 
being pierced by acid and basic igneous rocks. One of the interesting features 
conu^ted with it is the occurrence of fragments of limestone with the agglomerate, 
which has yielded fossils of tbe age of the chalk, thus proving that the vent is 
post-Cretaceous. There is thus strong evidence for referring the granite mass in 
the north of the island and most of the intrusive, acid, and basic igneous rocks to 
the Tertiary period. It furnishes remarkable proof of the suggestion of the 
Tertiary age of the Arran granite made by Sir A. Geikie in 1873.'*^ The story 
unfolded by this discovery is like? a geological romance. The former extension of 
lilimtic and Lower Lias strata and of the chalk in the basin of the Clyde, and the 
evidence of extensive denudation in the south of Scotland, appeal vividly to the 
imagination. 

This outline of the researches in the solid geology of Scotland would he 
incomplete without reference to tbe publication of Sir A. Geikie s great work on 
'The Ancient Volcanoes of Great Britain * (1897), in which the history is given of 
volcanic action in Scotland from the earliest geological periods down to Tertiary 
time. To investigators it bak proved invaluable for reference. Nor can I omit to 
mention the new edition of his volume on ‘ The Scenery of Scotland,* wherein he 
depicts tbe evolution of the topography of the country with increasing force and 
fascination. In this domain it may be said of tbe author, ' Nihil tetigit, quod non 
ornavit.* 

From the brief and imperfect sketch which I have tried to give of recent 
advances in the solid geology of Scotland it will be admitted that restless activity 
and progress have been ehar^tenstic of the last quarter of a century. But we 
may expect that the conclusions accepted now will be rigorously tested by our 
successors, probably in the light of new discoveries and with more perfect methods 
of research. It is well that it sliould be so, for thereby our branch of science 
advances. Meanwhile, as we look back on tbe plialaiixof geologists that Scotland 
has produced — to Hutton and 1 lall, Murchison and Lyell, Hugh Miller and Fleming, 
Nicol and Ramsay — and reflect on the services which they rendered to geology, we 
way hope that this record of progress may prove a litting sequel to the labours of 
these illustrious men. 


The following Papers and Report were read : — 

1 . Recent Discoveries in Arran Geology, * 

By William Gunn, of ILM. Geological Survey of Scotland, 

very important additions have been made to our ktiow'- 
irran both in the aqueous and in the igneous rocks of the 

' Quart, Jmirn, Geol, Sar,, vol. Ivii, p. 226 (1901). 

* Trans, Oeol, Sue. vol. ii. p. 306. 
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Among the older rocks a series of dark schists and cherts has been discovered 
in North Qlen Sannox. They are probably of Arenig age, though no organic 
remains have been found in them, are closely related to the rocks ofBallantrae in 
Ayrshire, and similar beds occur in various places along the Highland border 
where they have been described by ^lessrs. Barrow and Clough. In the isle of 
Arran these rocks are intimately connected with the Highland schists. 

The Old Bed Sandstone of Arrau has been found to comprise two subdivisions, 
and in North Glen Sannox the upper division is unconformablo on the lower. 
This formation is not confined to the ground north of the String road as generallv 
supposed, but extends in places three miles to the south of that road, being well 
developed in the Clachan Glen, where it is much metamorphosed by intrusive 
igneous rocks. No fossils have been found in the Old lied Sandstone of Arran 
except P^itophyton princepXf specimens of which have been obtained from the 
lower division in Glen Shurig. 

The Carboniferous formation, fine sections of which occur on the shore at 
Corrie and at Lag^n, is now known to occupy but a small portion of the area of 
the island. Near Brodick Castle and in Glen Shurig its width of outcrop is not 
much more than 200 yards, and it does not reach the western shore, being over- 
lapped in the interior by unconformable beds of New Red Sandstone.^ Beds 
probably of Coal Measure age with characteristic Upper Carhoniferous fossils have 
ken recognised at Sliddery Water Head, Corrie, The Cock, and in various other 
places, but these have no great thickness and contain no seams of coal. They 
represent api)ai*ently the basement beds of the Coal Measures. 

The stratified rocks of the southern part of the island, consisting of red sand- 
stones, conglomerates, and marls, have been proved to repose unconformably on the 
Carboniferous formation and in places they contain derived pebbles with Carboni- 
ferous fossils. All the evidence points to their being of Triassic age, and may 
easily be divided into two series, the lower of which probably represents the Bunter 
sandstone, and the upper the Keuper marls. These Triassic rocks occupy the 
whole of the coast from Corrie southwards, around the south end of the island, and 
the west coast up to Machrle Bay, where they appear to lie conformably on the 
Old Red Sandstone. They also form a small area in the north-eastern part of the 
island near The Cock. 

That still more recent formations once existed in the island, whence they have 
been removed by denudation, is proved by the presence of fragments of Rhmtic, 
Liassic, and Cretaceous rocks in a large volcanic vent which is probably of 
Tertiary age. These fragments occur on the western side of the island in the 
district of Shisken, on the slopes of Ard Bheinn, and they have yielded a con** 
siderable number of characteristic fossils which have been examined and deter- 
mined by Mr. E. T. Newton. 

Some of the most important of the discoveries are those connected with the 
old volcanic rocks of the island. 

A series of interbedded lavas and tuffs b found in North Glen Sannox associated 
with the schists and cherts previously mentioned. Like them they are probably 
of Arenig age and closely related to similar rocks at Ballantiae in Ayrshire. 

Two distinct volcanic platforms have been found in the Old Kra Sandstone 
of the island. One set of basic lavas is intercalated in the lower division on the 
west side of the island, and another occurs in the upper division of North Glen 
Sannox. 

In addition to the volcanic series previously known in the Lower Oarboniferoui 
rocks two others have been discovered in the upper part of the formation. 

That the island was the seat of volcanic activity in times still more recent is 
proved' by the recognition of a large volcanic vent in the Shiskin dis^ct, which 
must be of poatrCrctoceous ago, as shown by some of the fragments it iodudes* 

From tnese facts we conclude that the island has been the scone of volcsmc 
action at no less than seven different periods. 

Much has also been learned with regard to the distribution and age 
various intrusive ^eous rocks. Two masses of a somewhat 
character found in Glen Rosie and in Glen Sannox are probably of OldRcd oso®* 
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stone AgOi but nearly the whole of the varied if^eous rocks of the island must 
now be aaaiRiied to the Tertiary period, not excepting the well-known granite mass 
of the northern part of the island. The finer granite which occupies the interior 
of the nucleus has a tortuous boundary. It is clearly intrusive in the coarse 

K ihite which surrounds it, but both belong practically to the same period, as they 
ve one and the sam^ system of jointing. 

The ring of^anite, granophyre, and quartz diorite which surrounds the large 
volcanic vent was previously little known, and the other numerous and varied 
intrunve masses, both acid and basic, which occur in the island were but poorly 
represented on existing maps. 


2. On Variation in the Strata in tJte Eastern Highlands^ 

By George Barrow, H,M. Geological Survey. 

[Communicated by permission of the Director of the Geological Survey.] 

In mapping the group of rocks associated with the well-known Quartzite and 
Limestone in the Eastern Highlands, it has been found that there is an incessant 
variation in the lithological characters of the group, which is sometimes abrupt. 
Detailed examination has shown that throughout that belt the same typo of 
section or succession reappears after passing a number of variations. 

The phenomena are supposed by the author to be due to the strata having 
been deposited by numerous branches of a large river flowing through a delta. 
Each branch, by a natural process of fanning, deposits saud near its mouth, and 
finer mud further seawards. Where the fans of sand are far apart, the fine mud 
deposited between them will assume a fairly constant composition, because all 
the streams tap a common source of material Wore the river divides into branches 
in the delta. 

The recurrence of one particular type of section, which is easily recognised in 
the field, may be explained by the supposition that the materials of which the 
strata are composed were laid down as mud or other fine sediment, which may 
be readily detected by means of the special minerals present, when the rocks are 
metamorphosed. The abruptness of the changes seen in the sections may be due 
to the intense folding of the Highland rocks ; for materials originally some little 
distance apart are brought into close proximity, and the transition which once 
existed is qut out at the surface by the folding. 


3. On th^ Cryetcdline Sehista of the Southern Highlands. Their Physical 

Structure and its Probable Manner of Development. By Peter 

Maonaib. 

The area under notice is defined as that lying immediately to the north-west 
of the great boundary fault which crosses Scotland from the Firth of Clyde to 
Stonehaven. An account is then given of the various opinions that have been 
held concerning the structure of this region since the time of MaccuUoch up to 
the present day. The author then proceeds to show that the schist zones traverse 
this region in roughly parallel bands, and described a series of sections at right 
angles to the strike of the principal foliation of the area. The following is a 
summary of his conclusions regarding the stratigraphy, physical structure, ani the 
uianner of its development in this part of the Sottish Ilighlands : — 

1. The sedimentary schists or the Highlands proceeding from the margin 
mwards may be divided into the following zones : — Lower Argillaceo^ zone, 
Lower Arenaceous zone, Loch Tay Limestone zone, Gametiferous^ Schist zone. 
Upper Argillaceous zone, Upper Arenaceous zone. Associated with these are 
Bchists of Igneous origin. It is probable that these zones are capable of still 

subqlvision, but this is not attempted yet. 

2. From an examination of the relationships of these different zones, the order 
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fts giv»»n above appivirs to bo an aaconding ona, proce^iiig ftotn the margin 
inwards, tlie wrll-iiwrkod zono known as the Loch Tay Limestone forming a sore 
of datum line, ir«»ni wliich one can recognise the positions of the lower and upper 
schists. 

3. It is supm^Axl that the moveraents which plicated the rocks of the Highlands 

were directed from the centre outwards, or from the N.W, 'towards the 8.E. Thfe 
is 8ho\NH by the fact that whore the biding can be traced the overfoMing is 
generally towards the S.K. Also the foliation, whore it has been folded, faces in 
the same direction. * 

4. In the eastern part of the region we suppose that the bedding has been 
folded into a series of isoclines facing the south-east, and that a foliation has been 
developed roughly parallel to the axes of the folds in the bedding, thus making 
the foliation appear to be roughly coincident with the original plants of stratifica- 
tion. At Comrio, in Perthshire, the axe.^ of the i^lines in the oeddii^ are nearly 
vertical, but with a slight hade towards the X.W. The axes of the i^lines get 
gradually lower and lower as we proceed towards Loch Tay. In the same way 
the foliation nlanes are nearly vertical along the frontier, but get Hatter and ilatter 
as we proceed northwanls. 

o. In tracing these rooks towards the south-west an increasing crumpling and 
folding of the foliation plamvs aocompanied by more intense metamorphism, is seen 
to take place : this is made evident in approaching the shores of Loch Katrine and 
Loch Lomond, but it seems to have reached its maximum in (^owal. 

6. In C*owal, along tht' I'irth of (.'lyde, the pasition of the foliation planes has 
heen reversed, now dipping towards the south-east. Jtetween the Firth of Clyde 
and Loch Fyne tlie foliation planes Iiave IxHm much criimph^, and still later 
divisional planes have Ix^eii develo|H»d in them, this being a region of the most 
intense metamorphism. 


-L T/ie (imnUt^ of TttJioeh Ihirn^ Ayruhlrt*, 

Profe.s.s{ir .Jamr.s GKtKri:, S. Flett, JAJ., D,Sc. 

The granite ofTiilIocli JUirn, Ayrshii-e, is. a >mall ma-ss occupying an area of 
three or four stjuare mile.s on the headwaters of tlif? Irvine and the* Avon. Much 
of the outcrop is covered with drift and peat, but good exposures of the granite and 
the contact altered rocks can be obtained in the Tulloch Burn, a tributary of the 
Irvine and on the Avon. The jirevalent type is a flesh-coloiired biotite-granite, 
which often contains hornblende and sometimes decomposed augite. This passes 
at its margins into rocks of intermediate or basic composition, which include 
various types of diorite, hyperite, and gnbbro. The evidence points to the origin 
of these rocks by a pnx?ess of difierentiation, and both in this respect and in the 
rock species which have been developed the resemblance to the granites of the 
Southern Uplands is very close. The material microscopically examined 
incliide.s: — Graphic Granite and Granopliyric Granite (in segregation veins); 
Biotite Granit-e, Biolito Hornblende Granite, Biotite Augite Granite; Tbnaiite 
(intermediate between Hornblende Biotite Granite and Diorite) ; Quartz Horn- 
blende Diorite, Quartz Augite Biotite Diorite, Quartz Hypersthene Diorite; 
Biotite Augite Diorit^?, Hornblende Diorite, Hypersthene Diorite ; Hyperite and 
Gabbro. 

This mass is intrusive into the Lower Old Red Sandstone, which at Lanfine, a 
littlb west of this, has yielded Cephalaspis Lyelli. The Old Red Sandstone is 
indurated and often hornfelsed to a varying distance from the margin. The new 
minerals developed are Augite, Hornblende, Biotite, Magnetite, Tourmaline, 
Spinel, and possibly Sillimanite ; Galcite, Chlorite, and Epidote are often present, 

' but appear to be secondary after some of those mentioned. 

Many dykes penetrate the sandstones, and most of these are undoubtedly 
apopiiyses of the Granite. They are mostly Diorite Porphyrites or Qgiiftz Diorite 
I'orphyrites, \vhich may contain Biotite, Augite, Hornblende, or Hypersthene. 
Syenite Porphyries also occur, and occasionally small teins of more acia character, 
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which may be considered coarse-fmined Granophyres. In addition to these there 
are several dykes of Olivine Dolerite and Andesitic Basalt, but those are not known 
to bo genetically connected with the Granite. 


5. On CrystaU dredyedfrom the Clyde near Ilelemburgh^ imth Analyses 
by Pr. W. Pollard. By J. S. Plktt, M,A,^ D.Sc. 

6. Ifote on a P/u>sphatic Layer at the Base of the Inferior Oolite in Skye 
By Horace B. Woodward, F.}i.S., of the Geological Survey. 
[Communioated by pertnission of the Director of the Geological Survey.] 

At the southern end of the great clids of Ben Tianavaig, south of Portree, in 
Skye, the basement beds of the Inferior Oolite, which contain large dogger-like 
masses of calcareous sandstone, rest in a hollow of the Upper Lias Shales, owing 
to local and to a certain extent contemporaneous erosion. Lining this hollow 
there is an irregular and nodular band, two or three inches thick, of dark brown 
oolitic and phosphatic rock ; a fact of interest., as instances of local erosion are often 
attended by the accumulation of phosphatic matter in beds, nodules, and derived 
fossils. 

Mr. George Barrow, who made a rougli analysis of the rock, estimated the 
amount of phosphate of lime at about 50 percent. ; and Mr. Teall, who examined 
a section under the microscope, noted, in addition to the oolite grains, fragments of 
raollujcaa shells and echinoderms, and foraminitera, in a finely granular matrix 
formed of calcite. lie observed that the central portions of some of the oolite 
grains were formed of a nearly isotropic brown substance in which the typical 
concentric structure of the oolite grains was well preserved. This substance was 
no doubt phosphatic. 


7. Further Note on the Wostleton Beds. 

By Horack B. Woodward, F.R.S. 

In a paper read before the British Association in 1882 (printed in full in 
^ Oeol. Mag.’ for 1882, p. 452) evidence was brought forward for regarding the 
Westleton Beds of Westleton as part of the Middle Glacial division of 
S. V. Wood, jiiii, Sections examined during the present year at Fakefield^ 
Kirkley, and Oulton, near Lowestoft, support the author’s contention. Thus 
beneath the Grand Hotel at Kirkley the clilf shows a mass of shingle (identical 
in character with the Westleton Beds) dovetailing into the undisputed Middle 
Glacial sands, which a little further south are overlaid by the Chalky Boulder 
Clay. Evidence of a like character is to be obtained near Ilalesworth, where 
the shingle-beds seen south-east of the railway station would be grouped un- 
questionably with the Westleton Beds, and also (in the author’s opinion) with 
the shingly beds in the Middle Glacial sands east of Oulton station and at 
Kirkley. 

Attention is drawn to sections where a newer gravel is so welded on to the 
Middle Glacial gravel as to appear in places quit© conformable. S^imilar pheno- 
mena observed at the junction of (Cetaceous and Eocene clays in Egypt have 
been aptly referred to by Mr. H. J. L. Beadnell as * imconfonnable imssage-bedsl 

• 

8. Report on tlie Collection and Preservation of Photographs of Geological 
Interest . — See Reports, p. 339. • 



686 


REPORT— 1901 , 


FRIDAY. SEPTEMBER 13, 

The following Papers were read : — 

1 . Time Intervals ui the Volcanic History of the Inner Hebrides, 
By Sir Archibald Geikib, D,C,L,^ F,R,S, 


2 . The Sequence of the Tertiary Igneous Eruptions in Skye,^ 

By Alfred Harker, J/./l., F.G.S, 

As regards the sequence of the varied succession of Tertiary igneous eruptions/ 
the isle of Skye may probably be taken os a type of the whole British area. 
Igneous activity passed successively through three phases: the volcanic^ the 
Plutonic, and the ^ase of minor intnmom. It is important further to recognise 
two parallel series of events, the regi<mal and the local \ the former of very wide 
extension, the latter connected with certain definite foci, one of which was situated 
in Central Sl^e. The groups of rocks having a regional distribution are all of 
basic composition, but the local groups exhibit much greater diversity. During 
the plutonic phase, when regional activity was in abeyance, the successive groups 
of intrusions at the Skye centre followed an order of increasing acidity (ultmbesic, 
basic, acid) ; but for the local groups of the succeeding phase of minor intrusions 
this order was reversed. 


3 . On the Relations of the Old Red Sandstone of North-west Ireland to 
the adjacent Metamorphic Rocks, and its similarity to the Torridon 

Rocks of Sutherland, By Alex. McHenry and Jas. R. Kilroe. 

The Old Red Sandstone of North-west Ireland has been affected by earth 
stresses in pre-Carboniferous times, resulting in a system of reverse faults and 
thrust-planes. This system strikes north north-eastward, and if continued, as is 
probable, should be represented in the region of Sutherland and Ross. We sug- 
gest it is found in the great system of thrusts which affects the structure of the 
North-west Highlands. 

The long-recognised resemblance of the Torridon Rocks in Sutherland to the 
Old Red Sandstone, especially, as we hold, to the Old Red of Donegal, Tyrone, 
and Mayo — both as regards its general lithological characters, contained pebbles 
and relations to the underlying metamorphic rocks, the disposition of the strata, 
their striking horizontality in places, and strong resemblance of physical 
features — is fairly suggestive of the contemporaneity of the two groups, a view 
rendered quite possible by the above-mentioned system of N.N.E. thrust-planes. 

Our post-Old Red thrust-planes are in places lined writh broken-up ddbris, in 
some cases strongly resembling conglomerates of deposition, and giving to the 
older rocks 2 ^ pseudo base, apparently derived from the newer rocks, or newer and 
older mingled. This, we suggest, may be the case with the base of the Durness 
series, and the comparatively friable nature of the sandstone and conglomerates 
would admit of easy movement en masse of the lower members of the Durness 
series in overriding the Torridon when once a thrust-plane became initiate. 


4 . Onrthe Relation of the Silurian and Ordovician Rocks of Norih-%oest 
IreUvnd to the Great Metamorphic Semes, By Jas. R. Kilrok and 
Alex. McHenry. 

Upper Silurian rocks, as high as Wenlock, have been metamorphosed along 
the Croagh Patrick range, which led to their inclusion in the great metamorphic 

* Fnblished ip full in the Geological Ma^asins. November 1901, pp. 506-609, 
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group when the ground was originally mapped. The corresponding rocks of 
\VenWk age on the south margin of the Mayo and Galway Silurian basin, near 
Killaiy Harbour, are not metamorphosed, and rest unconformably upon the meta- 
morphic group. 

This strati^raphical break has for many years been supposed to form an 
insuperable objection t^ the acceptance of Murchison’s conjecture that the meta- 
morphic rocks of Galway, Mayo, &c., are altered representatives of the Lower 
Silurian or Ordovician rocks. This, however, is not an obstacle, for a break, 
accompanied by overfolding and possibly metamorphisra of Lower Silurian strata, 
has been proved to have occurred in Llandovery times, which admitted of Wenlock 
or possibly Tarannon beds being unconformable to unmetamorphosed Lower 
Silurian, os well as to the metamorphic group. All this happened prior to a 
second violent disturbance and overfolding wliicli accompanied the metamorphism 
of Wenlock strata already mentioned, and whicli occurred in Ludlow’ times. 

A comparison of the Lower Silurian series in the west of Ireland with the 
metamorphic group of the same region and Donegal shows so strong a resemblance 
between them — as regards the lithological characters of individual members in 
their original form, their order of succession, and certain peculiar coincidences of 
associated sedimentary components, described in detail in the paper — that it 
forms a creditable facie argument for their correlation. 

One instance may here be mentioned. At W^estport and Achill Beg thick 
bands of fine conglomerate, associated with black slate, occur as an integral part 
of the metamorphic group, while on the south shore of Clew Bay thick bands of 
fine conglomerate — very similar in cliaracter to those in Achill Beg — occur in 
association with black slate, which, though sufficiently crushed to justify their 
inclusion by the original surveyors in the metamorphic ground, are now known 
to be of Lower Silurian age, identical with rocks of this age in Clare Island. 

The chief oljection to ascribing the metamorphic rocks of Mayo and Galway 
to the Lower Silurian age has been the present diflerenco of condition between 
them and the fossil- bearing Lower Silurians of the adjoining area. This differ- 
ence seems to us explicable by conceiving that the great dislocation w'bich occurred 
in Llandovery times, and occasioned an inversion of strata by overfolding at 
Salrock between the Killaiy es, carried unmetnmorphosed liower Silurian rocks 
about Leenane against and over rocks of, say, the same age, near Ixienane, which 
had undergone metamorpliism in coiinectiou with granitic intrusions. These may 
be seen in the vicinity of Kylemore. Unfortunately the great zone of break is 
now concealed by newer strata, and further is obscured and complicated by post- 
Ludlow faults. 

5. N’otes on tlie Irish Primary Rocks, with their associated Granitic and 
Metamorphic Rocks, By G. H. Kinaiian, M,R,1,A, 

In this communication the writer points out that in previous writijigs he has 
insisted that in Ireland there were no Laurent iaiis, because no Irish rucks aS a Terrane 
were similar to the original Laurentians. Now, however, he has learned that the late 
Dr. G. M. Dawson and other Ami'ricnii geologists class the questionable Grenville 
series, although in part evidently clastic and volcanic, ns Lnureiitinii. Conse- 
quently, if this is allowed, there are also Laurentians in Ireland and Scotland. 

A short review of the American prt*-Palceozoic nxiks and a table of the clnssi- 
ncations adopted in the United States and in the Dominion are. given with Dawson’s 
veasons for his objection to the former, as in it the Aiiimikio and Huropian 
are classed together under one title, Algonkiun, although there is a profouild break 
between them. Dawson seems to believe the Aiiimikie and the Keweenawan are 
paore allied to the Palaeozoic than to the Archaeair*. in the latter he would.only 
include the Huronian and the Laurentiun. 

T 1 Palaeozoic rocks, similar to that in the ‘ Economic Geology of 

Ireland,’ isgiven and short descriptions of the different strata. This is succeeded by 
a general description of the different areas of the Irish pre-Palaeozoic rocks, more 
especially those of Donegal and Galway. ThestMwo areas are subsequently tabled 
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as below, and the paper is concluded with a short discussion on the right to call 
any ol* the Americnn, Scottish, or Irish rocks the great complex. , 

III a paper, Nt'w Reading of the Donegal Rocks * (see *Proc. Ii.D.S.,*vol. vii, 
(ii.s.), part 0, p. 14 et seq,) and in the ‘ ^lanutil of the Geology of Ireland,’ lists 
of the Donegal and Galway and Mavo strata are given : the first we may copy*; the 
second has to be modified to come up to our present knowledge. These lists may 
be tabulated for comparison. , 


Donegal, 

Tkrbane No. I. (Lanrentian ?) 

Granitic gneisses, niicalitic (luartzose 
gneiss, and subordinate limestone. — This 
Terrene was invaded by an albitic granite, 
and it and other granites are solely ad- 
juncts of the area not penetrating the 
overlying basement great quartzite of 
the Terrane No. III. 

Da^e not cisihle. 

• 

Tkrbane No. 11. (lluronians or a now 
Terrane.) 

1. Gneiss, schists, many hornblende.^, 
with limestone zones, quartzitic gneiss, 
and garnet iferous limestones. This 
Terrane was invaded by the typioal 
porphyritic oligocla.se Donegal granite 
with its adjunct the foliated granite or 
granitic gneis.s, latter by other granites, 
all older than the overlying ba.sement 
quai'tzites of Terrane No. III. 

Jia$e not exposed, 

2. Gregory Hill schist series, a series 
of various .schists with below them l)ed.s 
of hornblende rocks and one or two 
limestones. In one place a fine gnei.ss 
that seems to be metamorphosed fclstone. 

Bate not exjwxed. 

Prof 0^1 nd v neonfennna In lit y, 

Terbane No. III. (Keweenawan?) 

1. The basement .strata are the great 
quartzite with, under it in places, an 
agglomerate b\it more often a greenish 
rock, often quartzitic, in which arc 
scattered widely di.sseminated rounded 
pieces of granite and gneiss from the 
Terrane that may be under it (No. I. or 
II.). Limestones or dolomites arc also 
found, but only in a few places. The 
dolomites arc associated with the 
agglomerates, and may be methalosis 
igneous rocks. 

2. Cranford limestone, dolomite, and 
seriditiq series. 

3. Lough Keel or Millford schist 
series. 

4. Killygarvan volcanic series. 

6. Killygarvan quartzitic grit series. 

6. Lubber volcanic and limestone 
series. 

7. Barn Hill grit series, 


Gahmy and Mayo, 
(Laurentian ?) 

Various gneisses, schist in places; 
zones of hornblendite. Large and long 
intrudes of hornblende roclm, some ex- 
cessively developed. These were in- 
vaded by the Galway type granite and 
its accompanying granitic gneiss. 

Base not visible. 

Over these a profound unconform- 
ability. 

(Uuronians or a newer Terrane.) 

'fhe unconformablo basement rock 
is a conglomerate exceedingly altered, 
various gneisses, schists, and quart- 
zitic gneis.‘<i‘.'<, with a few subordinate 
limestones. In it are long intrudes of 
hornblende rock, sometimes tremolite 
rock, ophite, and clelagite. This Teimne 
was invaded by the Omylite granite, 
which usually is not accompanied by 
granitic gneiss, but some of the outlying 
long intrudes are, and in them is 
immolated the basement conglomerate. 
On the rocks of this Terrane are found 
the basement great quartzites of 
Terrane No. III. 

Profound unconforvnalnliiy, 

1 . The basement stratum is a schistose 
conglomerate under the great quartzite, 
with which tlie conglomerate limestone 
in place.s seem.s to be associated. 


2. Limestone, ophiolite, dolomite, 
with schist underneath. 

3. Quartzite aud micalite series. 

4. Streamtown limestone and ophio- 
lite series. 

6. Micalite series, 



TRANSACtlONS OP SECTION C. 


639 


Galway anA Mayo. 

pTohtihU vncoTiforniahility concealed 
nmler the Killary and jtantry Silurians. 

1. Tiasemcnt beds unknown. 

2. Shales, slates, and grits with, in 
places, Ordovician fossils. 

3. Massive grits. 


4. Shales like those in No. 1, but 
sub-rnetaniori)hoscd . 

n. Shot conglomerate. 

0. Sandstones with irregular thin beds 
and x>antry of a friable pebbly rock. 

7. Dark slate. 

'Phe Lough Keel series, No. il, Terrane HI., is the uj>per portion of tin* Millford 
s(*ries, pushed into its )»n‘8ent position by an overthrnst : it is st*parati‘d from the 
Killygurvnii volcanic scries by a muster fault. Bt*tw(‘i*n tlic series 4 and 5, 
'IVrrano IV. (Galway and Mayo), there may bt‘ an iinconformahilily, and the shot 
coiiglomorate may be the equivalent of the miillaghsawnito of tJje co. Donegal; a 
lircak lierc, however, was not prove<l. The only serit's in the Terranes in both 
columns, the ag(* of which has been proved by tlieir fossils, arc those numbered 
2, .3, and 4 in tlu^ c<mnties Galway and 3Iayo : tliesc* arc tin* equivalents of the 
Ordovician. 

Dawson in his address to the G(*ological Section at Toronto stab's his disbelief 
in the hasemmt complex. A. C. Law.son, in his ])a))er ‘ On Internal Kelation and 
Taxonomy of tin* Archeaii pf (Nmtral (’anada* (1890), seems to be of a similar 
opinion ; while Van Hisc in his writings only gives a lialf-hcartcd consent ; the 
writer finds it hard to believe in it. Tlie section of tin* Laun'iUiaus shown in the 
dills of the Saguenay Fiord is said to be a typical one; and here, between the 
river St. Lawrtmeo and the Labradorian of St. John, there are various changes — 
foliated granite, granitic gneiss, felspathic varieties, and quartzitic varieties — that 
would seem to suggest that t he rocks were not one ba.scment complex, but tliat 
they had been supplied from zones of distinct magmas ns long ago suggested by 
Delesse. Then we come to tin* Labradorians of St. John. These in aspect are most 
ancient, the foliation being extraordinary, so as not to be belitwed in except seen, 
some of the measured h*avos of quartz and felspar being from 9 to 13 ft. and 
more long. Yet on (‘xamination this rock in its present position is younger than 
the Laurentians, bfdiigintnid(*dand st*ndiiig apophyses into it ; but in its original 
place it must be older. If the Laurent ian is the bast*ment complex, what is the 
&ge of the Norian, and what is its gene.sis? Similarly in Scotland and Ireland. 
If the Lewisan or fundamental gneiss is Laurentian or basement complex, w^hat is 
the age of the granites and granitic gneiss with their apophyses ? Then there is 
the <01d Bay’ of Scotland, called honihhuide rocks in Ireland; what is its age and 
genesis ? Some, at least, of the Scotsmen say that the Lewisan gneiss is the toni- 
ap 'Old Bny.*^ If so, how did it exist to be tom up into the bneement cojnpiex? 
Iheii there are the quartzitic and highly felspathic varieties of the Lewisan that 
«re said to have their origin in masses of those classes of rocks. These are com- 
plications that some people may understand, but others do not see their nvay 
to believe that putoambntal rocks had their origin in prepundamentae 
ANCESTORS. 

* There is a vein of humour in this Scotch sobriquet. The rock is the * Old Bay,* 
and yet it is to be torn, up for the making of the oldest rocks on the face of cr^tion, 


Donegal. 

Profound unconfomwlnlity. 

Terbane No. IV. (Ordovician.) 

l! Basement stratum mullaghsaw'- 
nite, a firm conglomerate!, in part arkc^se. 

2. Baphoe liq^estones and shales. 

3. Slates with irregular masses aiul 
beds of sandstones, partly arkosc. 3‘hese 
sandstones, sometimes pebbly, have re- 
gular oblique systems of joining. Usually 
these joints are so close together a.s to 
give the rocks the appearance of piles 
of huge books. 
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6. Some Irish Laccoiithic Hills. By G. H. Kinaran, MB.LA, 

The author begins hy pointing out that laccoliths are not usually classed 
among the elevators of hills. Of lute years Professors Gilbert and Cross, of the 
U.S.A. Survey — although not the pioneers — have brought this prominently 
forward. A short list of writers on the subject is giuen. The south-east of 
Ireland — Wicklow, "Wexford, and AVuterford — is mentioned as the portion of the 
country in which they are conspicuous. Most of those in Wicklow and Wexford 
urere carefully mapped and described. 

Gilbert’s definition of a laccolith, copied from a letter, is given. It partially 
differs^ from his original, ns in this he points out that fragments tom from 
the conduit -pipe are usually found in the laccolith. This statement was made in 
a reply to a query of the writi^r, who in his description of the laccoliths 
of South-east Ireland had specially mentioned them. 

A few very characteristic laccoliths are particularly mentioned, such as the 
range of the NVicklow and Wexford granite hills, this line of upheavals being 
explainecl by diagraiiKs illustrating that the granite had come up in pipes through 
the undermost Oldhamiana (Archaean) and lifted up the supermr then horizontal 
Ordovicians ; so that now, as a general rule, the Ortfovicians, not the Oldhamiana, 
are in contact with the granite. A few n^markable laccoiithic hills in other 
parts of Ireland are also mentioned. 


7. The Geological Distribution of Fishes in the Carboniferous Bocks of 
Scotland. By Dr. R. H. Traquair, F.BB. 


8. The Geological Distribution of Fishes in the Old Bed Sandstone of 
Scotland, Dr. R. H. Traquair, F.R.S. 


9. Perim Island and its Relations to the 'Area of the Red Sea, 

By Cathekinr A. Raisin, D.Sc. 

This paper describes briefly rock specimens from Perim Island collected and 

I daced at the disposal of the authoress by Mr. J. A. Rupert Jones (sub- 
ieutenant R.N.R.), now stationed at Aden. 

The island, as shown in the Admiralty chart, has somewhat of a horse-shoe 
shape, enclosing a harbour opening to the south. Low plains, less than 12 feet 
above sea-level, extend in from the coast, especially at the north, and consist of 
raised beaches, but most of the southern and eastern parts are billy, reaching 
249 feet at the highest point. 

The specimens received are all from volcanic rocks. The surface, according to 
Mr. Rupert Jones, is composed mostly, to a depth of about 7 feet, of loose 
blocks (4 feet or less in diameter), often imbedded in calcareous sand or mud. The 
underlying rock is exposed in cliffs and in quarries, and occurs generally. in roughly 
horizontal layers. One mass in situ (near Balfe Point) is a not ve^ pasio basalt 
(almost an andesite) crowded with felspar microliths with marked fluidal 
tion, and is probably a lava flow. Another reddish rock with scattered rounded 
ve^cles (from a cliff north-east of the harbour) approaches a microcrystsllino 
basalt *10 character, and consists of much plagioclase, clear gum-liko aumte, some 
red brown ferruginous olivine or pyroxene, and a little black speckled ([lassy base. 
In another spot (near Balfe Point) a whitish tuff or fine agglomerate is quarried, 
and consists largely of fragments of pumice with some broken felspar, augite, and 
other crystals. 

The surface blocks in one or two examples consist of fragmental rocks. 
is a red more basic tuff, containing thin black streaks, apparently of a spheruliuc 
glass. The blocks, however, are mostly scoriaceous and vesicular, petrologicaliy 
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ffeneraUy basaltic, and similar to the underlying rocks described above, but with 
some variation, os if they might repre^nt a broken lava crust. They are crossed 
by veins of dddlte, and the ashy materials and other fragments are often cemented 
by calcareous deposits. 

T^e history of Perim Island belongs mainly to the Tertiary era. We may 
infer that the Ked S^^from its general contours and the steen descent of the bed 
towards a central depression, forms part of the Qreat Rift VaUey, extending from 
Lake TanganvikS to the Jordan, alon^ which at so many places volcanic outbursts 
on a large scale have occurred. Both in Arabia and in Abyssinia extensive tracts of 
volcanic rocks are found of moie than one period. The rocks of Perim belong 
probably to the later or so-called Aden group. The raised beaches of the island 
are au evidence of oscillations of level, which are proved by upraised and submerged 
coral reefs to have affected other parts of the Red Sea. Denudation and weathering 
of the surface took place, and calcareous sediment was deposited, while at different 
times coral reefs became established in the adjacent shallow seas. 


10. AtU^volu WaJUr in the State of Queensland^ Australia. 

By R. Logan Jack, LL.D.^ F.G.S. 

The western interior of Queensland is endowed with rich grasses, but has an 
insufficient rainfall. This defect, however, has been to some extent compensated 
by the success in boring for artesian water, which was commenced in 1885. It is 
estimated that artesian or sub-artesian Water is to be found beneath an area of 
over 264600 square miles. 

The mater part of the western interior of Queensland is composed of soft 
strata of Lower Cretaceous age, consisting of clay-shales, limestones, and sand* 
stones. These strata are so disposed that the lower members of the series crop 
out on the western Ranks of the coast ran^, where not only is the elevation of the 
surface greater than in the downs to the west, but the rainfall is also com* 
paratively abundant. 

Along the eastern margin of the Cretaceous area there is a porous sandstone of 
great thickness, the ' Bly thesdale Bray stone,’ and owing to the low dip the outcrop 
of this permeable stratum occupies a belt from five to twenty-five miles wide ; but 
the Braystoue finally disappears beneath the argillaceous and calcareous upper 
members of the series which forms the surface of the downs to the west. Several 
rivers disappear while crossing the outcrop of the Bray stone, and the water must 
be carried m it beneath the clay-shales of the pastoral downs. 

It is believed that the subterranean water leaks into the Great Australian 
Bight between the 124th and 184th meridians of east longitude, and perhap partly 
into the Gulf of Carpentaria, as the pressurea in the wells decrease with their 
distance from the elevated outcrop of the Braystone. Mr. J. Ih Henderson, 
hydraulic engineer, has constructed a map showing lines of equal pressure, which 
enable intending borers to judge whether or not, when they strike Water, it will 
rise to the surface. 

The following statistics are from Mr. lletiderson’s report for the year ending 
June 30,1900:-- 


Aggregate depth of bores 
Number of bores .... 
Number of flowing bores . 

Deepest bore 

Highest temperature 
Largest flow of a single bore . 

Total output of the 515 flowing bores 


185 miles. 

839. 

515. 

5040 feet. 

196® F. 

6000000 gallons per day. 
117403574585 gallons per anhnvi^ 


The 616 wells would fill a canal 100 feet wide and 20 feet deep, 1779 miles 
long, in twelve months ; or fill Loch Katrine in a year and a half. 
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MOyDAY. SKPrEMIiER IB. 

The followiiiff Papers iiiul Reports were read : — 

c 

1. The Cambrian Fossiltt of the North-west^ Highlands. 

Ihj B. N. Peach, F.R.S. 

[GoinmuniCf'itc’d by perniis.sion of the Director of the Geological Survey.] 

The Cambrian rock.*? ol* the iiorth-Wf.«*t of Scotland occur within a narrow 
belt of country, lt»s.s tluin ten miles wide, stretching from Durness and Eireboll to 
Skye, a distance of ILM) miles. 

"The lowest member con.Nists of quartzite 500 feet thick, the tuider half of 
which is false bedded and devoid of organic »*tnnains, and the upper part of which 
is tiner grained and m(»re evtudy bedded and pierced by worm pipes, ‘ Scolithm 
linearisy by means of dilferent forms of wliich it can be divided up into five 
sub-zones. The succeeding * fucoid IxmIs,’ consisting of fifty to eighty feet of green 
mudstone.'j, dolomites, &c., have yielded three species of Olenellus, nearly allied to 
Olencllus Thomsoni, The serpulite grit, from ten to thirty feet thiclc, usually 
crowded wdih Salteiellns, has also yielded a species of Olenellus. It is overltud 
by a vast column of dolomite, limestone, and subsidiary beds of chert, amountiDg 
in all to 1,:^00 or 1,500 feet in thickness. The first thirty feet of the limestone 
has yielded two species of .Salterella, and the beds np to that point are looked 
upon as the eipiivalents of the Olenellus or Georgian Tcrrane of North America, 
the whole facies of the fauna being exceedingly like that of America. 

The overlying column of dolomite, &c., has been divided into seven sub- 
zones, varying in tbickiK^ss from 1 (X) to 400 feet, the tliree uppermost zones of wrhich 
have yielde<l a fauna almost identical with that described by Billings and others 
from rocks which in Newfoundland and the St. Lawrence region of Canada 
underlie black shales at Cow Head and Point J^evis, yielding a long suite of 
graptolites characteristic of the Phyllograpttfs or Arenig zone. The Durness 
dolomite must therefore repre.^ent the 3liddle and Upper Cumbrian horizons, and 
perhaps the base of liie Arenig of America and Europe. 

As regards the conditions under which these deposits were laid down, the 
author considers that the basal quartzite.s show proximity to a low shelving shore 
line continuous across what is now the Atlantic to America, more or less 
parallel to the shore.s of wdiat i.s now Western Scotland, and a little to the north 
of the present area ; that owing to more or less continuous depre.*fsion of the area, 
the ‘ pipe rock ' was dei)orted furthfu* from shore, the ‘ fucoid beds ^ representing 
the period when the ' mud line ^ or limit of sedimentation was reached, while 
the vast pile of the Duriie.«s dolomite represents the debris of the ^ Plankton ' 
that fell on the bottom of a clear though not necessarily a deep ocean. Solution 
of great part of the calcareous ooze while exposed to the action of sea water, 
and perhaps substitution of magnesian salts for calcareous ones, changed the 
calcareous oozes into dolomites, while the chert beds represent the reasserted 
remains of the silicious organisms. 

The author pointed out that in Arenig times the sea over what is now the 
northern part of the southern uplands of Scotland was also a clear one, free from 
terrigenous sediments, and in wliich a radiolarian deposit accumulated. If tbe 
rocks along the Highland border describetl by Messrs. Barrow, Cloiigb, and 
Gqnn be the northern continuation of these southern upland rocks, then it i** 
rendered highly probable that in late Cambrian and early Silurian times a clear 
sea lay across what are now the Highlands of Scotland, wdiiedi was probably the 
bajp'ier which divided the Ciimbrlan faunas of America and North-w'cst Scotland 
on tbe one side from those of Wales, Bohemia, and the Baltic region of Europe 
on the other. 
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2. ThA Investigation of Fossil Remains hy Serial, Sections, 

, By Professor W, J. Sollas, D.Sc,^ F,R,S, 

It ia now becoming increasingly recognised that the key to the evolution of 
the (ipimal kingdom is not the exclusive possession of ontogeny alone, but is shared 
at least equally by the sister science paiiriontology. The information afforded by 
the latter study is far less than might be justly expected, owing to the insuf- 
ficiency of its methods. The method of fossil sections has worked a revolution 
in zoology since its first introduction some few decades ago. Could it be applied 
to fossils no less far-reaching results would naturally follow in paljeontology. 
Serial thin sections for examination by transmitted light ai-e, however, in 
most cases out of the question, since they cannot be obtained in a sufficiently 
close succession. The same objection, however, does not apply to polished 
surfaces intended for observation under the microscope by reflected light. 

These can be obtained to almost any desired degree of proximity, and a 
grinding machine designed for the author by tlie Rev. Gervase Smith, and 
constructed with the aid of a grant from tlie Royal Society, fiirnishe.s a series 
of parallel plane surfaces at regular intervals of from 0*1 to O-Od ram. In the 
case of fairly well preserved specimens these may be studied under powers of from 
1 inch to ^ inch, and all the details of their anatomy ascertained. 

Drawings under the camera lucida or photographs may be obtained from 
them, and from a series of such drawings the fossil may be reconstructed on an 
enlarged scale. Already several species of fossils have been treated in this way 
with complete success. Supplemented by a few thin transparent sections it 
affords a means for ascertaining the anatomy of fossils in fulness and with 
precision. 

The so-called Ophinra Egertom, which the author has suidied iu conjunction 
with Miss F. Wright, displays under the method of grinding all those minute 
characters on which zoologists depend for the determination of recent species, 
including the tentacle scales, teeth, buccal papillee, and the granulations on the 
buccal plates. The details of the anatomy of Lapworthum Miitoni are also clearly 
revealed, and in both cases the anatomy of the jaws is so exactly indicated that 
from these fossil remains alone the homology of these organs can be ascertained. 

Models were exhibited prepared from serial sections of TaUeospondylus Gunni^ 
Traqiiair, taken in longitudinal, transverse, and facial directions. These were 
obtained and studied by Miss Igcrna Sollas and the author. They appear to 
reveal the existence of a dorsal shield, a maxillary arch, a palatine element, and 
a suspensorium, as well os gill arches. A lower jaw is indicated. While pointing 
in some directions to the Cyclostoiiies the more important characters of the 
fossil suggest affinities with the Amphibia and Dipnoi. 

Models in wax have also been prepared of Monvgraptus prio(lo7i, and were 
e.thibited before the Section. 

3. Rotes on some Fossil Plants from Berwickshire. By R. ,KiDSToy. 


4. Report on Life-zoms in the British Carhoniferons Rocks* 
See Reports, p. 288. 


3. Geology regarded in its Economic Application to Agriculture hy Mea'tis 
of Soil Maps. By J. R. Kilrok. 

It is proposed to consider the means by which geological information can best 
to agricultare, the utility of the application being assumed to be univer- 
sally admitted. 

Amongst the objects to be aimed at should be the furnishing of reasons and 
suggestions for the profitable localisation of certain branches of the industry, viz., 
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Stock-breeding', Dairvinpr, and Tillage, the last viewed iu detail as regards the 
most economical and nrotitnblo application of manures, and the selection of soils 
most appropriate to di Horen t kinds of crops. 

Viewed in a more general way, the utility of Geology may be considered, as 
regards the valuation of land, the development of estates, and schemes of irrigation 
and drainage. 

We may omit the special case in which soils may be regarded as mere recep* 
tacles of manures (in places within easy reach of ready markets, in which case 
high profits arc often realis('d) ; and proceed to note that in general farming, not 
only have facilities for drainage and percolation to be considered, as well as the 
conditions of retentiveiuss, capillarity, and absorptiveness, or the quality of re- 
tentiveness for fertilisers — all ot which are determined by geological circumstances — 
but the nature and abundance or scarcity of crude fertilising substances naturally 
present in soils, to be operated on and rendered available for plant use by acidulated 
waters in the ground, have a very important bearing upon the quality of land, and 
are equally determined by geological considerations. 

In virtue of diHerences in the amounts of the leading fertilising constituents in 
soils, and diHerences in the degree of facility with wdiich they are rendered avail- 
able, a great range of intrinsic soil-values is observable in Ireland, where according 
to Sir R. Grilfitli some laud is to be met with capable of putting upw'ards of 3 cwt. 
of flesh per Irish acre (or cwt. per statute acre) upon grass-fed animals each 
season. 

Chemical analyses of soils, as means of discriminating as to their resources or 
deficiencies, of determining the amounts of fertilisers immediately available accord- 
ing to Dr. Dyer’s method, or the amounts soluble in aqua regia according to that 
adopted by .M. de Gasparin, or the bulk amounts present in any sample, can never, 
on account of the exjiense and number %vhich would be requisite, come to be 
regarded as a practicable feature of economic farming procedure, unless indeed 
analyses be applied in connection with some ready and fairly reliable means of 
comparing soil with soil in different localities. Such means would he afforded by 
soil maps upon a geological basis. 

Agricultural maps af/ronomiques) have been advocated by such autho- 

rities as De Cauraont and Delesse on the Conti neiij. Risler, head of the first 
Agricultural College of France, not only values the aid which geology supplies, 
but considers that detailed geological maps would suffice for agricultural purposes, 
such maps in that country fairly sugge.sting, not only the character of soils 
resulting from the decay of immediately underlying strata, as regards their physical 
qualities, whether as sand, loam, clay, and intermediate varieties, but the degree 
and nature of their endowment also, with fertilising substances. 

In the British Isles north of the Thames, Drifts supervene to a great extent, 
masking or obliterating the characters proper to soils, which otherwise would cover 
each formation or igneous ma.ss. Hence ordinary geological maps do not here 
suffice for agricultural purposes in these countries." 

The Drift maps published by the Geological Survey, so highly serviceable 
economically; in thickly populated areas, 'for purposes of drainage, water supply 
on a small scale, and in connection with the brick -making industry, seem to me to 
come short of agricultural requirements in this, that they do not give prominence 
to information bearing upon the natural endowments of soils as regards fertilisers 
— not even as much so as ordinary maps showing the solid geology. 

I should therefore propose a scheme of soil maps which, while keeping in 
view the elements upon which the physical qualities of soils depend, gives pro- 
mirxencp to information bearing upon the soil resources. 

To do this I should use, somewhat as on our original Irish drifted maps^ 
close, wide, and medium stippling, to distinguish sands and gravels, boulder day, 
and* intermediate varieties respectively — the boundaries of which in the field are 
exceedingly ill-defined in many places. Over this 1 should apply a light wash w 
colour appropriate to one of tne following groups of rocks, to represent the soil, 
whether drift-soil or soil directly formed over rock, according to the prevailing 
character of debris present in the uppermost layer, the soil and subsoil, reserving 



TRANSACTIONS OF SECTION C. 


645 


the darker tinta of colour for the places where the rock is actually to be set»n. 
Other details are described in the pa^r. 

1 should afran^e strata and igneous masses in much fewergroups than thcsa 
represented on geological maps, and retain the system of colours on these mnp^ 
ill so/ar as they prove ordinarily suggestive of the rocks referred to, viz. — 


Limestone (Ch;^k, Ac.) . • • • • 

Sandstone and Shale . • • • . 

Grits ana Slate ...... 

Quartzite and Schist 

Coal Measures 

Ba.sic Rocks 

Aci<l Rocks 

l^cat I5ogH 

(Iravelly and Coarse Pebbly Alluvial deposits 
Loamy and Peaty Alluvium . • • • 


Blue. 

Slate colour. 

»» »» 

It II 

Dark grey. 
Burnt carmine. 
Carmine. 

Sepia. 

Burnt sienna. 
Green. 


Such a system would tend to meet the strong prejudice existing iii farmers’ 
minds against geological technicalities, while keeping the essential points of 
information concerning soils in the forefront. 

The addition of contour lines, even if only approximately drawn from the 
levels given on the Ordnance maps, would ho a valuable addition to these induSi- 
trial maps in consideration of differenco of climatic conditions attendant upon 
differences of elevation. 


G. Plaats a^iil C*tJenpt^rct f rom a Deposit of Pleistocene Age at Wolvercote^ 
Oxfordshire, JUj A, M. Bell, J/.y!., 

riant remains of Pleistocene time are of great rarity in England. The two 
most important series which have been described are from Iloxne, in Suilblk, oh- 
taiiiod by Mr. Clement Reid, F.R.S., and Mr. II. N. Ridley (‘ Geol. Mag.,’ 
p, 441)/and from North London by Mr. Worthington G. Smith. 

There is in these remains a singular difterence. Of twenty-eight plants obtained 
at Iloxne three are arctic (SMix polaris, S. myrsinites, Betula nana) ; seventeen 
range to the Arctic Circle. 

At Stoke Newington, on the contrary, ^fr, W. J. Smith obtained the elm, the 
chestnut, clematis, and perhaps the vine. Only three out of eleven plants reach 
the Arctic Circle. The pine, the alder, birch, and yew, with the royal fern, were 
more in harmony with the present and the past floras. 

In the author’s opinion the Stoke Newington flora represents a much later age of 
ifleistocene time than the Iloxne flora. The conditions were continental, and the 
flora of the south was gaining, while the arctic flora was disappearing. 

The plants as yet idontitiod, by the kindness of Mr. Clement Reid, from 
Wolvercote resemble those found at Stoke Newington more than those of Iloxne. 
This is in harmony with the writer’s view that the Wolvercote deposit is of late 
Pleistocene age, nearer to the Stoke Newington than to the Iloxne deposit. 

Eighteen plants obtained by the author are given. All of them are found 
in Oxfordshire torday. Eight only have an extension to the Arctic Circle. Four 
mosses* have been obtained, one of which is certainly recent. A considerable 
number of the wing-cases of beetles have also been found. These are difficult 
to identify, but tlje genus of one, remarkable by its rows of hairs, has been 
named by Mr. Waterhouse, of the Natural History Department of the Britifih 
Museum. Only one of the genus now is found in England, and that is diflerent 
Ironi the AVolvercote species. On the other hand the genus is common on the 
Lontinent. 

These facts, coupled with those from Stoke Newington, tend to the conclusion 
that in late Pleistocene time the climate of the Thames Valley was more conti- 
*iental than it is at present. 


1901, 
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7. Iit'ptyrt on tho J\*rr^sfrial finrfacfi Wavr^ and Wava-likr. Snrfacea^ 
Soo liepofts, p. .SDiS. 


J?**porf on fhn E.cpJoration of /Cris/t Cnrn.a, Co. Sh’f/n, 
Seo llepoi ts, j>. 2S*J. , 


9. Eridt'ny(\'i o/ Ant'iy.nf (naoiyr-dainmnl Lnh\^ in th(* Chtiviofft. 

J]jl Percy P. Kenpali., /’y/.S’., and. WyAtiiwivv P. AIuee, i\C,S. 


It is uno^'rtaiii wlu'tlier the (’hoviot was ovomdtlon by extraneous icb, 
but stria3 on 'I’hirl Moor and Jbilver ^^rair recorded by tlio Geological Survey 
probably ipdicate tliat this ])ortion of the watershed was overridden by ice froiii 
the Tweed N'alley, and Prol*. ( ieikio. mentions till and striated stones on the tops of 
the Cheviot Hills at l,o00 l*t. The traiisport of erratics shows movement alonLj 
both sides of the axis of the range from S.W. to N.K. at some stage of tlm 
glaciation. Across the northern end and for at least tmi miles down the eastern 
side, however, a distribution of rocks from the Tweed X'alley, together with other 
indications to ho mentioned, points to an ice-iiow veering round through easterly 
to a due north-to-soiith direction. I'ho observations of tln^ authors go to confirm 
the above conclusions with respect to the area N. and K. of Cheviot. 

IMie authors, during a few days spent in tlie district, observed certain features 
which throw much light on the later stages of tht? Ice* Ago in this area. Mr. 
Clough mentions ’ * dry, steep-sided little valleys crossing over watersheds, whicli 
do not appear to lie along lines of weakness or the outcrops of soft beds. It is 
suggested that they might have been formed by streams from glaciers.’ Some of 
the valleys observed by us run along the sides of hills or occur a.s loops detacliing 
portions of the walls of valleys, and the general cliaracters of similar valleys have 
described by us separately. ’ Thtnr mode of occurrence and tlu) relations to 
the relief of the country, as well as to the position occupied by tlio ancient ice- 
sheets, show that they can be ascribed only to the overflow of water from lakelets 
held up by an ice-barrier. In the tract of country between Yeavering Hell and 
Ingram we found that each of the spurs separating the valleys which radiate from 
( -heviot was cut across by one or more sharp gorge-like channels, draining, with 
one significant exception, to the south. The spur between Jioddam Dean and the 
Hreamish River is cut near (’alder Parra by ii channel, bounded on the east by 
the moraine, draining to the south ; but a higher portion of the same .spur is 
traversed by u channel draining in the opposite direction, i.e., to the north. Tlie 
highest member of a series across any given spur is usually just above the boun- 
dary of the drift containing extraneous boulders. At the outlets of the valleys 
there are, in several ca.ses, deltas represented by masses of gravel. 

Conclmimis. — The existence of the series of overflow channels points clearly to 
the former presence of a chain of small lakes held in tlie radial system of valleys 
of the Cheviots by a barrier of ice. The ice-stream by the boulders which it bore 
may be inferred to have sw'ept round the end of the Cheviots out of the Tweed 
Valley. The margin of the slieet at its maximum extension rose to about 
1,000 ft. along the" arc from Yeavering Bell to Brand’s Hill, beyond which it 
may have declined. Along the south-eastern slopes of the Cheviots another 
extraneous glacier swept in a north-east direction. Where their confluence^ took 
place, or whether they were not in succession rather than simultaneous, is not 
easy to decide, but the Roddain Burn channel points very clearly to the prepon- 
derating influence of the southern stream, while the Calder Farm overflow lower 
down the same ridge shows by its southerly slope that the northern ice later 
ac<|uired the mastery, if the two glaciers were confluent, then the overflowing 

* Geol. Surv, Mem., ‘The Geology ef the Cheviot Hills.' 

Ji.A . Report, 189‘.), P. F. Kendall, ‘ On Extramorainic Drainage in East York- 
fihirc’ ; ibid., 1900, A. Jovvett and H. B. Muff, ‘Preliminary Note on the Glaciation 
of the Bradford and Keighley District.' 
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waters of the lakes must Lav(i Ijeen discharj^ed either beneath the ice, as at 
present happens to the overilow from a cliairi of ice-dammed lakes on the 
Slaiaspina Glacier, or over the top of the ice. 

An important and unexpected result of our brief examination has been the 
discpvery that while * foreign ’ ice was rising along the Hanks of the Cheviots to 
ail altitude of 1 ,000 ft^ not only were the spurs free from any native ice-sheet, 
s!ich ns Cheviot or Ifedgchopo might liave h<‘en expected fo support, hut even tlie 
lower ends of the intervening vallevs were occupir-d, not hy great native glaciers, 
hut by lakes. 

The conditions thus descrih* d iiiiiy have some relation to the fact that while 
the porjdiyrites of the (‘heviots have liirnished tlie most abundant ty]»es of 
eiTatifs in the drift of the Yorkshire coast, the granite, if pre-ent— which is not 
quite certaiu— is very rare. 


10 . /it'porf (iit fhi‘ ErraUr Jilnckn nf fho. Jirifish IsJph, 
S(M* lioports, p. 


11. Intprim JiPjinrt on thp hrsf JlrfJtofls for tlir Jipf/isirat{<jn of all Type 
Sprpunfn^i of KoksU a in tho. British. 

1 JiPj:orf ttpoyi flip Brrmt'nt Slafp of oar K aoa'lpihjr of flip Stmetarr of 
Cr//!^fa.l>\ See K(*ports, p. 21 >7, 


Tin:sj)A y, sLTruMjujif 17. 

The following l*a]*ers were read : — 

1. TJiP Srottish Ot’pfi qfCo/tprr ia. thfir Geological Jlclntions, 

Jhf J. (J. COOIK’IIILD, F.G.S, 

Tlie ores of copper occurring in Scotland ajipear, so far as their origin is con- 
cerned, to be relVu’abh* to tAvo primary categories. The first of these includes 
those minerals whose origin is evidently connected with the uprise of thermal 
waters; and the second iiududes those which are due almost entirely to deposition 
of materials carried down in .solution from some rocks at a higher level to others 
below. Th(? t wo iiietliods of origin may be likened to the ebb and the How of the 
tides. 

'fo the first category belongs most of the Chalcopyrites oeeurriiig in Scotland, 
and v/ith that mineral is to he inchid(*d also (‘haletn-ite and Jiornite. These 
mostly occur in connection with mineral veins. A small percentage of other 
compounds of Copper with Sulphur appear.s to have originated in connection with 
certain eruptive rock of suh-husic composition. When tliesi* hitter liave been 
affected by dynamic, luetamoiqdiisin the proeess seems to have favoured the local 
eoiicentratioii of the mineral wlih-h was formerly il ill used. Ilmice several 
Kpidiorites contain (.'hak'opy rites, apparently as an original constituent (if we 
regard their schistosity ns origir.al to tliat type of rock). 

To the second category, that of the ebb-f) rod nets or minerals of secondary 
origin, belong all the remainder. 

Taking these in the order, and witli tlio numbers, adopted by Pann, we have, 
•irst, (15) Native Copper. T'heve cannot bo mncli doubt that all the ^Scottish 
specimens of this are of secondary origin. The earlier stage seems to have been 
that of solution, along with those of the constituents of a sub-basic eruptive rock, 
through which, probably, the copper ore was originally ditfiised in very minute 
'luantities. The decomposition of the rock by surface agencies lias again converted 

V u a 
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this into solution — probably in tho form of carbonato — from which solution 
any ono of various reajrents, in most cases probably decomposing prgunic matter, 
lias reduced the dissolved substance to the metallic state. In this form it lias 
lieen deposited ns thin sheets along the divisional planes of the rocks situated at a 
lower level than its point of origin. In the form of films of this kind it occurs at 
Hovleston, in Henfrewshire, where it is found in lavas cf Tjower Carboniferous 
age; and at Ikllocbiiiyle, in the joints traversing the marls of tho New Ihd 
liocks there. I may remark, in passing, that th»*se rocks so closely resemble the 
Hunter Sandstone that I should never have hesitated to reftT them to that horizon 
had not a ditferent opinion regarding their ago been expressed by the distinguislnnl 
auihor of ^ The Scenery of Scotland.' 

Native Copper also oceiirs in tho form of minute particles — possibly crystals--^ 
in some of the Prehnites of P»ovle.<5ton and Ghui Parg. Doubtless these varietif\^ 
of Prehiiite owe their colouring matter to the presence of this mineral, just as 
the ordinary green variety of Prehnite owes its colour to diffused compounds of 
copper of other kinds — ^lossibly to Chrysocolla. The same metal also occurs at 
Hoylestone, disseminated throughout .some of the beautiful crystals of Calcite 
winch line some of the driisy cavities of the lavas there. When Native Copper is 
enclosed in these crystals the external form is much more complex than where the 
metal is absent. 

Some Chalcopyrites must undoubtedly he classed amongst ehb-products also, 
seeing that a .second generation of crystals often occurs upon minerals whose 
secondcarv origin cannot be doubted. Atacamito has been claimed as a Scottish 
mineral, but, it seems to me, on insnfllcient grounds. 

(224) Cuprite, as might be expected, occui‘s in connection with the other 
decomposition product.s of copper ores. Usually it occurs ns ono of the con.sti- 
tuents in the compound known as Tile Ore; hut occasionally, as at (Hen Farg, it 
shows traces of crystalline exterior; or as at Hoylestnn, where Mr. Crnig-Christie 
has got it in the capillary or velvet-liko form. Some of the silicate of copper from 
Laiicheiityre appears to me to be coloured red by Cuprite, whicli may also occur 
there in the free state. 

(iVlO) Tenorite has not yet been proved to occur as a separate Scottish 
mineral ; hut the black Chrysocolla from Lauchentyre and other mines in tho 
neighbourhood may possibly owe its coloration to this mineral. 

Malachite calls for no special remark here beyond the statement that it 
does not appear to .«»how crystalline termination at any locality in Scotland except 
at Sandlodge, in Slietlaiid, where it seems to liavo been taken for Hrochantite. 

.iVzurite is singularly rare in Scotland, and has not yet )x*(?n found with 
visible crystalline faces. Anriclialcite, (741) Linurite, and (7«T.)) Caledonite, 

well known as secondary products of the decomposition of veins containing Copper, 
do not call for any special remark in this ab.stract. 


2. A Revised List of the Mhvirals knovni fo occur in Scotland* 

Bjj J. G. Goodchild. 

The following list embraces tlie whole of the minerals whose claim to rank as 
good species and whose occurrence in Scotland seem to the author to be beyond 
doubt. The list will probably have to be extended : — 


Graphite 

Sulphur 

Gold 

Copper 

Stibnite 

Molybdenite 

Argentitc 

Galena 

Chalcocite 

Blende 


Dolomite 

Magnesite 

Sideritc 

Aragonite 

Strontianito 

Ccrussite 

Malachite 

Azurite 

Auricbalcito 

Zaratite 


Okenite 

Gyrolite 

Apophyllite 

Heulandite 

Brewstcrite 

Ilarmotome 

Stilbite 

Laumontite 

Ghabaziie 

Qmelinite 
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Pentlandito 
Grocnockitc 
Millcrite . 
Niccolitc 
Pyrrhotito 
ttovcllitc 
(?) J5ornit(i 

Chaloopyrite 
Pyrites • 
Gersdorffito 
Marcasitc 
Kerrncsite 
(?) Bonnionife 
'I'etrahedrite 
Salt 

♦Sal-ammoniac 

Fluor 

Qiuirti* 

Quart zino 
Tridymito 
Opal 

Valent inile 

Oervaniite 

Water 

Cuprite 

Corundum 

llaiuiatite 

Ilinenite 

Spinel 

Magnetite 

Chromite 

Kutile 

Platlncritc 

Jlrookito 

Pyrolusitc 

Turgile 

Goethitn 

^langanitc 

Limonitc 

Bruciti; 

Pyroaurit o 

Psilomclane 

Calcitc 

Caledonitc 

Linarite 

OY])sum 

Epsomitc 

Morenosito 

Molanteritc 

Alum 


Ilydroccrussite 
Orthoclase 
Microclinc 
Anortlioclase 
Albite 
Oligoclasc 
Andesine 
liabradorite 
Anorthitc 
Enstatitc 
llypcrsthenc 
Augitc 
ylCgirinc 
Spodumene 
Wollastonite 
Pectolite 
(0 llabingtonitc 
Hornblende 
(?) Cllauco])hanc 
Kicbeckite 
Jleryl 
lolite 
Nej)hclinc 
Sudalitc 
Garnet 
Forsteritc 
Olivine 
Wernerito 
Idocrat^e 
Zircon 
Thorite 
Topaz 
Andalusite 
Sillimanilo 
Kyanito 
, Datolite 
Zoisite 
Epidolo 
Allanito 
]*rehnite 
llemirnorphite 
Tt)virmaline 
Staurolite 
Pickcringite 
Halotrirlute 
Wulfeniie 
Hat diet tolite 
Ozocerite 
Field elite 
Rctinite 


Levync 

Analcime 

Edingtonito 

Natrolite 

Scolecitc 

Mesolitc 

Thornsonite 

Muscovite 

Zinnwealdite 

Jiiotite 

Phlogopite 

liepidoiiielane 

Haughtonitc 

( 'hloritoid 

Ott relit e 

(.'linochlorc 

Pennine 

Procbloritc 

Oclessite 

Serpentine 

Talc 

Saponite 
Celadonite 
Glauconite 
Kaolinito 
(?) Halluysito 
Chrysocolla 
Pilolitc 
Sphene 
Apatite 
Pyroinorpliitc 
Vanadinite 
Vivianitc 
Erythritc 
Annabergito 
Wavellite 
(?) Glaiiberitc 
Barytes 
Celestinc 
Anglcsite 
(?) Vauquelinite 
Leadliillite 
lianarkite 
Torbernite 
Bathvillitc 
Middiet onitc 
Petroleum 
Asjibaltum 
Elateritc 
Albert itc, &c. 


The following are remarkable by their absence : — Calamine, Witlieritc, Leucite, 
Axinito, Anhydrite ; and Marctisilc and Fluor by their rarity. 


3. Thii Occurrence of Barium Sulphate and Ctdrinm Fluoride as Cement\ng 
Snhstances in the Elgin Trias, By Wm. ]Mackik, M,A,^ M,D\ 

• sulphate as a cement of sandstone was first noted by Professor Clowes 

in 188d as occurring in Triassie rocks near Nottingham. Other localities in sand- 
stones of the same ago have since been noted, all of them in the north or centre of 
England. 

Pariuni sulphate io the Elgin Trias was first observed by the author in 189o. 
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It occurs mainly in iiodulos which raiijco in size iVoiii a hazel to n walnut clia- 
somiiiated throupfh an (?xtonsivo mass ot* sandstoiio alono^ tlio coast of Elf^insliiro, 
near Oovesea Li»iiihouse, Avhore in conscqiienco of its iuilueiice on the weathoriiif^ 
of the sandstones some unique results in rock sculiiturinj^ have been produced. 
Analyses of some of llu*se nodules show that they contain as much as 37 per cent, 
of barium sulphate. In the nodules, the barium sulphate is shown by the micro- 
scope to directly envelope the urraiiis of sand, excejit towaikl the periphery where 
rims of secondary quartz and ferric liydroxide come between the h- iljmate and the 
original grains. 

The presence of caleinni Ihioridt*. in rocks of the same ag(* at (himmingston a 
little further to the west than the barinui 8nl])lmte area was also determined by 
the author in ISO."). 'J'he llnoride occurs in small wJiite, often square-shaped, 
patches, sliowing lustre-mottling dissemiuated through the mass of the sandstone. 
Sometimes it occurs in aggrt‘gates which on section show that they are made u]) 
of cubes idaced in inxtai)osition. There are also occasional bands cemented 
thronghoiit by caleinni llnoride, but eA'(*n in these Instre-mottling shows that it 
occurs in masses of closely placed cubes. The ])r(*sence of llnoride was determined 
by obtaining a coj)ious preci]>itat(' of gelatinous silica on lieating the poAvdered 
sandstone Avitli strong sulphuric acid and ])assing the evolved gas into water. As 
much as per cent, of (ralcium llnoride was obtained by analysing an average 

specimen of the sandstone in detail. 'I’lie microscope shows the presence of a 
colourless isotropic substmice directly enveloping the sand grains. Towards the 
periplierA', as in the case of the barium sulphate nodules, secundar 3 '^ quartz rims 
and ferric hydroxide are occasionally seen to come between the fluoride and 
original grains. 

The author disputes tlu‘ ox])lanation of Trofessor CMcnves ns regards the 
raison rA-freof the barium sulphate, the presence of whiith has been ascribed by him 
to the double decomposition of barium chloride -wliicJi he linds ])resent in some 
of the local d£?op Avell waters — by the soluble sulphates of the infiltrating waters. 
On the contrary, the presence of both barium sulphate and calcium fluoride is 
ascribed to the concentration of the waters of an inland lake from which these 
substances if present — and both of them are present in seawater — would naturally 
be dei)ositcd in the order of their insolubility ns concentration went on. The 
presence of beds of common salt in the English Trias presupposes the existence of 
such a salt-impregnated lake over the southern ar£*a, and the same conditions may 
be reasonably extended to tlui Elgin area during the same geological period. 


4. Thf Pcbhlr.-haiid (tf fhe Eftfin Trias a ml its Wlml-irorti Pehblrs, 
njj Wm. Ma(jiv1i:, JA.l., MJ). 

The (hilties Hillock pebblo-baiul, which has figiirc'd so largely in the discussion 
of the sncctission of the hilgin .sandstones, is not, as has generally }x?en contemded, 
a i>ure localism. Two new openings into the Triassic rocks of the area show that; 
it is present at five widely separated points. Its characters are constant in all. 
4’here is evidence, that it is basal in position in tluj Triassic formation, and taking 
it as a datum line one is enabled to fix the relation of the 'J'riassic to the under- 
lying U.O. ft. rocks with some certainty. Jt shows that the, former overlie the 
truncated edges of the latter beds in a thin cake?, wliicli is probably nowhere more 
than 100 feet in thickne-ss on a surface sliglitlj' inclined upwards from the south- 
east to the north-Avest, Avhile the U.O.K. rocks steadily dip at almost constant 
angles in the opposite direction. Otlier facts definitely ascertained are, that the 
two series of rocks wherever they occur in proximity invariably show marked 
discordance of dip and strike, and that the ( ’utties Hillock area is detached from 
the other local areas of Triassic rocks, U.O.K. rocks having been traced all round 
it, and quite a mile intervening between if and the Spynie and Findnissie area to 
the north-west, in which interval U.O.Il. rocks with discordant dii) and strike 
also appear. 

Another interest attaches to the X)ebble-band in that its pebbles, which are all 
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hill exclusively of quartz, quartzite, vein quartz, and chert, show unmistakable 
evidence of sand-blast action. 

< Pyramidal pebbles ’ are common, "with surfaces showing different degrees of 
])olisliing. Some of tliem even present strongly concave surfaces and finer depres- 
sions l^autifully polished. A considerable number show ‘ flaking ’ of their edges, 
and Ihe surfaces HO formed have subsequently been subjected to different degrees of 
polishing. The clierts ?iro beautifully fretted, and exhibit in perfection the results 
of difl’eniiitial cashing. 

Inquiries as to definite orientation of the more polished surfaces of the pebbles 
have hitherto failed to yiehl results. The author believes tliat no such definite 
orientation obtains, and is of opinion that the pebbles had been subjected to con- 
tinued sand-blast action in some other locality, and were suddenly and forcibly 
transferred by th(i action of water to their present x)osItion, where many of them 
were again subjected to further sand-blast action. 

The result of the examination of the pebbles supports tlie author s contention, 
l)ased on tlie microscopical characters of their constituent sand-grains, that the 
(Cutties Hillock sandstones are really Triassic sand-dunes. Other reasons for 
arriving at the same conclusion are : the peculiar undulating bedding of the sand- 
stones, differences in the mode of occurrence us well as ontological differences of 
the fossils from what obtain in the adjf)ining areas. 

Ill the case of the other local Triassic areas deposition in water is assumed, 
though the debris had evidently in some cases for a long time previously been sub- 
jected to wind action on a land surface. 


5. The Ocruri'ciice of CoveUifr in xlsmc/mfioit }rlfh Malnchitu in the Sami- 
tsloite of Khujitirptt^ Kalrn. Jhj W. Mackie, J/./L, M,.D, 

In a vein or fissure of about 1 J inch width in Kingslops (iuarry, Nairn, the 
sandstone is found to he impregnatccl with copper ore. The vein shows an indigo 
coloured centre of about i inch in width bordered by green margins of about 
the same dimensiou. Analyses of the dilfercmt parts gave results which show 
that the copper ore exists in the centre of the vein, chiefly in the form of tho 
moiiosulphido (CuvS) and mostly in the fonn of malachite at the margins. The 
former, which is the mineral covellite, is apparently new to Scotland, as no mention 
is made of it in I leddle’s ‘ Mineralogy of Scotland.’ Nairnshire must also be 
recorded ns a new locality for malachite. 

b. The Source of the AUurial Gold of the Kihlonan Fields SiifherlantL 
Jltjfi. Malcolm Maclaukn, />.Ac. 

In this field gold is x^'actically confined to the small area drained by the 
Kildonan, Suisgill, and Kinbrace streams, all tributaries of the Ullie or Helms- 
dale. Tho rocks of this area are granites and quartz-, flaser mica-, and granulitic 
hiotite-schists. The lines of demarcation between the various schists are at all 
times difficult to trace, sinco the whole countryside is covered with a thick 
deposit of the Glacial Drift. Fine flakes of gold luive b(jen found in many places 
111 the Glacial Drift, supporting the inferenci^ that alluvial gold is more or less 
dispersed throughout. It is only in alluvium resulting from the action of tho 
])resent wateroourseH that concentration of the Drift has been carried to such an 
extent as to attract commercial attention. Th»^ gold itself is found in nuggets 
and scales, the largest of the former weighing '2 oz. 17 grains. The scales pre- 
sent little twidenc(i of rounding due to attrition or rolling friction. Veins of 
‘clean’ (j[iiart.z have been found in the upper waters of the Kildonan. One of 
tliese veins on analysis yielded gold. Tho writer concludes that the alliivial 
f?old has been derived from the white quartz veins of the local schists (which are 
iumoat certainlv metamorphosed sediments, possibly originally containing alluvial 
gold). The schists were crossed by glaciers travelling in a general south-easterly 
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direction, rudely disposing the comminuted auriferous quartz in Meads* in tlie 
Drift. The present streams, cutting across the Drift, have more or less concen- 
trated the gold. Profitable working of the deposit is precluded by the * burden * 
of large stones, by the importance of the vested interests concerned, and by the 
inclemency of the winter season. 


7. Field Notes on the Influence of Organic Matter on the*De 2 )osUion of 
Gold in Veins. Fg Malcolm Maclaken, F.Sc. 

The reducing action of organic matter on the soluble salts of gold was fairly 
established by the researches of Henry, Percy, Daintree, Sterry Hunt, and New- 
bory, and organic matter was considered for many years to bo responsible for tJie 
great majority of the auriferous vein deposits of the world. "With the publicatiou 
of Skey’s researches, and his demonstration of the fact that sulphides alone are 
competent to produce complete precipitation of gold from solution, the former 
theory was almost completely abandoned. The following cases, however, which 
have come under the writer’s |iersonal observation, admit at least of the possibility 
of precipitation by carbonaceous matter. 

The reefs of the Gympie Goldfield, Queensland, underlie almost at right angles 
across the dip of the bedded greywackes, shales, sandstones, and limestones in 
which they are situated ; but it is only where highly carbonaceous shales (the 
‘ First,* * Second,’ * Third,* and ‘ Pheenix * * slates* of the miner) are intersected by 
quartz reefs that the latter are auriferous. The carbonaceous shales are certainly 
pyritous ; but so also are the overlying and underlying beds in which the veins 
are barren. 

The Croydon Goldfield, Xorth Quc*(‘nslaiul, is in an area of metamorphic 
granite, containing much graphite. The reefs are more or less enclosed within 
walls of kaolinic mattf^ highly charged with graphite. AVhere graphite is most 
abundant have been the richest auriferous deposits. On tln^ other hand, broadly 
speaking, the presence of pyrites in a Croydon reef indicatt's poverty of content, 
and is con.sidered as an unfavourable indication by miners. 

The ‘indicators* of the JJallarat Goldfield, Victoria, are thin beds of dark- 
coloured shales and slates, formed of a carbonaceous- mud and containing a con- 
siderable percentage of iron jjyrites. The main ‘ indicator ’ has been followed with 
fo^y breaks for a distance of eight miles. The most profitable quartz ret*fs cross 
the ‘ indicators * almost at right angles, and the great bulk of tlie gold is found 
where the quartz reef has crossed and slightly faulted the * indicator,* little gold 
being found at a greater distance than a yard from the intersection. 


8. The Source of Warp in the JInmher, 

Jhj W. H. WiiEELEK, M.Inst.C.E. 

It has frequently been stated that the mud or warp in suspension in the 
Humber is derived from the erosion of the cliffs on the Yorkshire coast, and the 
object of the paper is to show that it is physically impossible for the detritus 
eroded from those cliffs to be carried into the Humber, and that the material in 
suspension in the water is derived from detritus washed off the land drained by 
the Humber and its tributaries or eroded from their banks. 

The drainage basin of the Humber covers 10,500 square miles, and embraces 
strata of various kinds of rocks, including estuarine deposits, glacial drifts, chalk, 
sandstone, and oolites. 

The water in the zone extending around the junction of the Trent and the 
Ouse with the Humber, extending over a length of thirty-five miles,* is very 
highly charged with solid matter in suspension, the maximum quantity being 
atteined in the summer, when the downward flow of the fresh water is at a 
minimum, the quantity then in suspenaon amounting to as much as 2,240 grains, 
or nearly the third in a cubic foot of water. Above and below this zone the 
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quantity diminishea to 2G2 f^rains up the river Trent and 202 grains near the 
Albert Dock at Hull, while oil’ Spurn, at the entrance to the river, there is no mud 
ill suspension) hut only a few grains of clean sand. The floor of the North Sea at 
the entrance is covered with clean sand and shells, the heach up to Grimsby also 
being covered with sand. 

•The solid matter in suspension is derived from the detritus washed oil* the land 
and poured into the i+v*er when freshets occur, or from the erosion of the banks 
of the river ai^jl its tributaries. The greater quantity that prevails in the more 
turbid zone is due to the material being kept in a state of oscillation by the ebb 
and flow of the tides when th(» quantity of fresh water flowing down is not suf- 
iicicnt to carry it out to sea. 

The average quantity of solid matter contained in thirteen other English rivers 
when in flood is 200 grains in cubic foot. The average rainfall within the 
watershed of the Humber is 21HiO inches, of which 10 inches may be taken as the 
quantity due to such rains as produce freshets. AVith these figures the normal 
total quantity of solid matter placed in suspension in floods may be put at three 
inilliou tons in a year. A portion of this is carried out to sea in heavy freshets 
and the rest remains in the river in a state of oscillation. 

The tendency in all rivers, whether fresh or tidal, is for material to work down- 
ward under the laws of gravity. The same quantity of tidal water that flows into 
the river has to flow' out again, but its capacity for transporting material down- 
wards is reinforced by the discharge of the fresh water. 

Till*, flood current in the Humber runs at the rate of four miles an hour, and 
its duration varies from six hours at Spurn to two and a half at Goole. It may 
bij taken, therefore, that a particle of solid matter entering the Humber at Spurn 
Point would not be carried by the flood tide more than 20 miles up the river, or 
2o miles below the point wliero the greatest amount of solid matter is held in 
suspension. On the turn of tlie tide it w'ould be carried back again. 

Allowing for the greater time the ebb current is running above the junction of 
the rivers, as compared with the flood, the material curried dowui on the ebb is 

per cent, greater than that carried up on the flood. 

Taking the length of the Holdemess Clitfs as o4 miles, the average height at 
12 yards, and the mean annual loss at 2J yards, the mean quantity falling on the 
beach is about 1^* million cubic yards a year, of wdiich about 40 per cent, consists 

stones, gravel, and coarse sand, leaving less than a million cubic yards to he 
w'ashed away. The foot of the clifls is only reached for about four hours at high 
water of springs, that is, by 2G0 tides in a year, the average quantity of alluvial 
mutter for each tide being o,728 cubic yaids. 

The drift of the tidal current towards the Humber lasts hours, and runs at a 
velocity of 2 A miles an hour ; the greatest distance a jiarticle of solid matter put in 
suspension at the point of mean distance, 20 miles from the Humber, could bo 
carried southward is miles; when this distance is reached the tide would turn 
and the particle would be carried northward for IG miles, or 28 miles away from 
the Humber. 

It is, however, quite improbable that a particle of matter placed in suspension 
at the foot of the clifls could ever reach the main current going to the Humber. 
Owing to the Yorkshire coast being in an erabayment the main tidal current does 
not approach nearer the coast than the G- fathom line, or a mile aw'ay from the 
coast. ^ The current of the flowing tide sets into the embayment towards the coast. 
Even if a particle from the clifls could overcome this shoreward set and traverse 
Iho water contained in this mile of whaler in nii opposite direction, so as to be 
brought into the main southerly-going current, the quantity of solid matter 
brought into suspension would only be suflicient to supply one grain to 14,000 ciioic 
feet of water. 

It i8 evident from thti above facts that it is not possible for the detiilus fiom 
ffic iorkshire coast to reach, much more to bo carried up, the Humber. 
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i). On the AltcnUionti of the FAns iFhale />// lh*‘ Whut Dyke of Ureal 
Aytoiij in Yorkshhr, By (iKoiuiK ]>ajikow. 

[Coinniunicatcd by permission of the Dircelor of llie (Jeological Survey.] 

The examination of the least altered novlion of the rocks of the Ilighljiiid 
series in tlie area between Hlairgowrio (Jlridge- of Cally^ and Stonehaven has 
shown that th»> grits are composed of pniclically iinalteretl grains or small pebbles 
of quartz and oligoclase felspar set in a matrix of an nn usual ^character, and 
dillicult to understand, as all traces of clastic micas have been obliterated from 
it. It occurred to the author that this was due' to heat action, and to lest this 
point .'slices of baked Idas .‘iliale were prepared, tlu^ specimens being taken from 
the edge of the well-known Cleveland Dyke at (treat Ay ton. At six inches 
from the edge of the dyke tlit' clastic micas arc large and abundant , but at the 
contact they are entirely digi'.ded, and material like tlie matrix of the Highland 
grit is ]>roduced. The minute ])ebbles are not alfected in any way, and retain 
their original form, .'^izc, and optical ]n*operties. It is thus shown that in 
entering the Highland area we begin with rocks which, tliough little altered, owe 
that alteration entirely to heat action. 


10. On Cairnyorms^ By E. if. Cunningham Cuak;, U.A. 

The search fn* tlu'^e crystals was formerly a very ])rofitable industry in the 
districts contiguous to the great granite masses, but it has now been practically 
abandoned. The cairngorms were obtained by digging .shallow pits and trenches 
in the decomposed granite and <h5bris which covt‘r.s most of th(* ilat hill-lops, and also 
appears in many of the corries. The preseimt* of vein-quartz, muscovite, larg(» crystals 
of orthoclase andgra])liic intergrowths of quartz and ielspar in the loose ddbris have 
been recognised a.s indications of the (existence of th(‘, cairngorm-bc'aring veins. 
Examination of the clitf sections in the<leep corries reveals the presence of vertical 
or highly inclined vlmus of tine granite intruded in the coarser snrroiindiiig rock. 
These veins are more acid tlian the normal granite, and contain clrusy central zones 
in which the crystallisation in coarse. ThestJ central zones are characterised by 
the presence of grapliic intergrowths, muscovite platen, and, where the druses are 
sutlicieiitly large, idiomorphic crystals of orthoclase and mor(^ or less smoky quartz. 

Devyl i.s also pre.sent in some cast*s. 

These idiomorphic quartzes are the cairngorms, hut are only valuable when 
large and well coloured. 

The vein.s probably re])rc.sent the intrusion of more highly diireteiitiattid 
material from the underlying magma into fissures due to contraction on cooling, 
while the di-uses have probably a similar origin, and have been filled with highly 
acid solutions from wliich the crystal! isatioTi took place. 


11 . On the CirmJaiion. of Sail and iU Ueohujical Jlearin(/a} 

By William Ackuoyh, F.J,C\^ Bnldlr Analyst for Halifax. 

During .storms salt is driven from the si^a far on to the land, is dissolved by 
rains and carried back to the sea ; in calm times tlie phenomenon is also in progress. 
Various conipulation.s liaM*. been made of the amount of salt deposited on the land 
in tlii.s manner from lb. per acre per yt;ar at Itothamsted to ()4I. lb. at 

J’ennicuick. The writer esliiiiate.s that during JOOO 1901 there was 172*3 lb. per 
acre' per* year deposited on the I’eiinine Hills, nearly midway between the Irish Sea 
and the German Gcean, at an aliirudt^ over 1,000 feet above sea-level," 

It is shown that for the Millstone Grit and the limestone districts of Yorkshire, 

’ Published in full in the (icological Magazuw, December 4, vol. viii. p. hlS, 
(Jetober 1 901 . 

- Ackroyd, ‘Researches on Moorland Waters,* Pt. 11., •Tourn. Ciicm. Sec.^yoi, xxix. 
p. 674. 
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as well as for a bolt of Ainerican coast some 200 miles bro.'icl, this cyclic sea-salt 
forms fully 00 per cent, of what is carried to the seas by the rivers. Professor 
.l oly, in his estimate of the iij'e of tlie earth, only allows 10 per cent. 

A study of the phenomenon is also of importance in attempts to apportion the 
causes of the saltness of inland lak(»8 and salt hills, which may be due to : (1) salt 
transported from a contemporary sea, or (2) salt derived from solvent denudation, 
or (.‘1) to varying dejjfrees of these two influences. Ileasons are given for regarding 
\\w saltness of ttie Dead Sea as being largely due to the first cause, and of the 
(.■aspian to the second. 


12. Nofci^ on fhft Occur rrnrn of Phosjihatic Nodidrs and Phosphate-hcnritnj 
Rock in the Upjtcr Corhmiifmms Lhnestone {Yorcdale^ l^nrien of the 
WcM Riding of Yorkshire and Westmorland Border, 7>y JoJiN Rhodes, 
of the Geological Survey, 

Jiv kind iiormission of tlie llritlsh Association Committee on Carboniferous 
/ones I am enabled to nmumnee the discovery of phnsplmti(j noduk*s and of a rock 
having a phospliatic matrix in the Voredale rocks of the following localities: — 


Pliosphntic Xoditlvs^ luir (Jotc (/illy Bast Slope of Swartli Felly Westmorland, 

Tlnvsrt nodules occur along with ironstone s(;ptaria in blue shales which rest on 
tlnj lop silicious beds of t he Underset Ijimestone. 

The nodules are coiilined to the lower 5 feet of the sliales, and are more 
nnmerous in the lower half than in the upper half. 

Ill same gill, and resting on the chert of the Ijittle Tiimestone, there is a layer, 
•‘i inches in tliickiioas, eontaining phospliatic nodules embedded in a lino clayey 
iimtrix. It is sprinkled tlirouglioiit with glauconite grains and angular chips of 
quartz, .and is overlaid by ironstone shales. 

At the same horizon as above, hut 2 j miles to the S.K., there occurs in a gill 
that runs from J^ambfold Crags to J^unds Church, 2 miles W. of N. of Hawes 
.Junction, a layer of rock, .‘1 inches in thickness, with a ])]iosphatic matrix 
throughout. This layer, which has a crust of brown iron on*, is rich in glauconite 
iiiid (puiiTz grains, and also contains fragments of couodonts, &c. 


Phosphatic Nodules. Goodham Gill, Fust Slope of Sicarth Fell, 2 miles X, lY. 
of JIau'cs Junction, yorkshire. 

The phospliatic nodules at this locality occur throughout a limestone which 
varies ill thickness from -*» to (5 inches. This layer is underlaid and overlaid by 
Nliale in more or less rotten comlition. 

The horizon is doubtful, but it appears to be about 170 feet over the Ijittle 
biniestone. 

From the upper suvlace of tlie top Ix'd of the t!row Limestone, Uartmere Gill, 
laist Baugh Fell, Grisdale, 2A miles W.N.W. of JJawes .lunction, 1 have obtained 
a solitary example of a phospliatic nodule. 

The phosphatic nodules and ])hosphatic matrix examinetl show sponge spicules, 
but- these are for the most part fragmentary : some are of crypto-crystalline siUca, 
«miie. replaced by calcite, whilst the axial canals are often tilled with tlie same 
phospliatic material as the matrix. 

The spicules are referred to liexnctinellid and to monactinellid sponges. • _ 

I am very much indebted to Dr. G. J. IJindo for notes on the sponge remains, 
and also to Dr. VV. Follard for testing the phosphates. 
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13. Note on the Discover}/ of a Slficificd Plant Heaoi beneath the Millstone 
Grit of Sivarth Fell, West Ridituj of Yorkshire. Jiij John Bhodes, 
of the Geological t^iirveg. 

By kind porniission of tho Hritidh Association Committee on Carboniferous 
Zones I am enabled to record the discovery of a silicilied plant seam beneath the 
^[illstone Crit at Swartli l'ell,aiul two miles N.W. of Hawes Junction. 

The exact geological position of the overlying strata is doubtful, but appa- 
rently they occupy the horizon of t lie grindstone or ganister of the district. 

At this particular place, however, the grindston3 or ganister is absent, and its 
place is taken by flaggy silicious limestones with marine sliells and by a bed of 
hij^hly silicious grit with plant remains, the latter resting more or less directly on 
the silicilied plant seam. 

Chert occurs, probably as lenticles in the uneven surface of the seam, and con- 
tains a mass of detached silicious sponge spicules, a])parently rod-like bodies, which 
m.iy belong to the anchoring rojM's of hexactinellid S])onges. In the same chert 
arc included fragments of silicilied plant rt‘mains beautifully preserved. 

In the plant scam included pebbles of silicious grit occur, which contain a few 
spicules similar to those in the chert, and also ])laut remains. The ])lant seam 
rests on a layer of silicilied shale cunitaining a few fragmentary sponge spicules, 
mostly rod-like forms, one piece belonging to an hexactinellid sponge. The beds 
below are more or less rotted clay shales w'ith ironstones nodules. 

I am indebted to Dr. (i. J. Jlinde for notes on the sponge remains directly 
associated with the plant seam. The plants have not been determined, but have 
been placed in the bauds of U. Kidston, Esq., Stirling. 


WEDXESDAY, SEPTEMBER 18. 

The following Papers and Reports were read : — 

1. On the Pione-heds of J'ikzrmi, Attica^ and on Similar Deposits in 
Northern Eidma. By A. Smith Woodward, LL.D., F.R.S. 

At the suggestion of the British Minister at Athens, Sir Edwin 11. Egerton, 
K.C.J5., the Trustees of the British Museum' recently undertook a series of exca- 
vations in the w^ell-known bone-beds of Pikeriiji in Attica, and I was honoured by 
being entrusted with the supervi.siou of tlie work. The owner of the estate, Mr. 
Alexander Skouses, former ^Minister of War, most cordially assented, and gave 
every po8.sible facility for the undertaking ; w'hile Sir JMwin Egerton’s unllagging 
interest and zeal combined to ensure the greatest success. My wife and 1 went 
into residence at the farm early in April, and wo continued to occupy the simple 
but comfortable room wliicli Mr. Skou.ses had kindly ])laced at our disposal until 
the cessation of digging in the middle of July. 

During much of tho time wo were accompnnitid by Dr. Theodore Skoiiphos, 
Conservator of the ( leological Museum of the University of Athens, which claims 
some share of the results of all such excavations made in Greece. We have to 
thank him for much help in dealing wdth the workmen, who spoke only a language 
with which 1 was at first unfamiliar. 

The bones are occasionally exposed by tho small stream in tho ravine of 
Pikermi, and they seem to have b‘-en first observed by the English archaeologist, 
George Finlay, wlio presented some to tin; Athens Museum in 1835. Three years 
later a Bavarian soldier took a few specimens to Miinicli, wlierc Pikermi and its 
fossils were first brought to the notice of tho scientific world by Professor Andreas 
Wagner. Within the next decade more bones were sent to Munich by Einder- 
mayer and described by Wagner ; while during the winter of 1862-63 the young 
Bavarian naturalist Both made the great collection which was described by 
himself and Wagner in 1854, and still constitutes one of the chief treasures of the 
Munich Old Academy. About the same time Ghoeretis presented a few specimens 
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to the Paris Museum ; while the Late Professor Mitzopoulos — uncle of the present 
distinguished Hector of the University of Athens — made a valuable and extensive 
collection for the Athens Museum, which seems to have remaincid unnoticed until 
1883, when the late Professor Dames, of Derliu, studied it and wrote a brief 
account of some unique specimens contained in it. By far the most important exca- 
vatfona hitherto made at Pikermi, however, are those which were undertaken by 
Professor Albert Gaufiry, und(T the auspices of tluj Paris Academy of Sciences, 
between 1855 Jtfiid 1860. These researches made known ni.*arly all the essential 
fads concerning* the extinct mammalian fauna tmtombed in the i’ikermi formation, 
and led to several brilliant generalisations first published in Professor Gaudry s 
well-know’n work on the geology and fossils of .Attica in 1862. During the last 
forty years only insignificant diggings have been atteni]>ted, among them being those 
of the late Professors Neumayr, of Vienna, and Dames, of Berlin. 

Owing to the permanent mark left by former excavations it was easy to choose 
sites for the new explorations of the British Museum. Three pits dug in continua- 
tion of former workings soon yielded bones, and eventually furnished a very 
extensive collection. Two trial pita at other points and in slightly different 
horizons produced nothing except two decayed bone-fragments. Water still 
occurs even in dry weather a little beneath the bed of the stream ; but the 
difficulties from this source are now much less than formerly owing to Mr. Skouses’ 
system of irrigation, by whicli the llowing stream of the ravine is usually diverted 
at a ])t)int high up in its course. 

The Pikermi formation lias already been well dt'scribed by Professor Gaudry. 
It consists chiefly of red marl, varied with lenticular masses of rounded pebbles and 
occasional yellowish sandy layer.s. Some of the pebble-beds are cemented into 
hard conglomerate. The materials are such as might have been derived from the 
mountain mass of Pentelicon, whicli forms the neighbouring high ground, the 
marl itself being apparently the detritus of marble or other ciUcareous rock. The 
formation is of great extent in Attica, and has only attracted special notice at 
Pikermi liccauso a stream happens to have cut a deep ravine through it and 
exposed fine sections of the beds. 

As already observed by Professor Gaudry, the bones at Pikermi occur in two 
definite horizons, those in the lower bed being less fragile and better preserved 
than those in the upper bed. In tw'o of our new pits, where the upper horizon is 
well exposed, it is subdivided into two distinct layers by a nearly barren deposit of 
marl from 30 to 45 cm. in thickness. The rotten nature of the bones is partly due 
to their having been close to or at the surface and eroded by the present stream 
before being covered by the three or four metres of superficial gravel which now 
preserves them. The bones are also broken by the penetrating rootlets of trees. 
The lower horizon is at a depth varying from one to two metres below the upper 
horizon, and thus secure from destruction by surface agencies. Like each of the 
two upper bone hods, it is rarely more than 30 cm. in thickness ; while the marl 
above and below it is almost destitute of bones, rarely yielding more than rotten 
fragments, but quite prolific in scattered land and fresh-water sliells. The deepest 
excavations beneath the lower bone-bed descended for about three and a half 
metres and furnished the bone-fragments and shells throughout. 

So far as can be judged at pre.sent from the new excavations, the three bone- 
beds of Pikermi are all of the same nature and contain the same mammalian 
remains. The bones are massed together in inextricable confusion, and are often 
mixed with a few pebbles. Large and small bones, whole specimens and splintered 
fragments, all occur together ; but the small bones are usually most numerous at 
the bottom of the layer. Several specimens of approximately the same shape 
and size are often met with in groups, as if they had been sorted by water in 
motion. On one occasion, for example, the scattered remains of many gazelles 
were found together; in another spot there were several skulls of Tragoceras 
yl. . ’^ass ; in other cases nearly all the bones belonged to limbs of 
llipparion\ while one area was specially cliaracterised by 'pieces of vertebral 
column of ruminants and Ilipparion, The elongated bones and elongated groups, 
however, were never observed to trend in one definite direction, but were always 
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(lis|)o.<st.>(I qiiito irivgiilarly, thus indicating that in tlie region whci’o the bones 
eventually accumulated the water by which tiny had Iwen transporttwl either 
became still or iuovt*d only in gentle ecldies. 

Very few nearly complete skeletons occur, and even when chains of vertebra^ 
are preserved most of the ribs are lacking. The only approximately complete 
skeletons observed during the ii'cent excavations wen* those of some Carnivora 
{Ivtitherium^ Metarctos^ and Mav/uerodus). Jt is, howevel-, obvious that many of 
the hones were still held together by ligaments at the time when they were 
buried, for numerous complete feet and iHMirly complete limbs are found with all 
the bones in their natural position. It is also to bi^ noted that in most casus these 
limbs are sharply bent, so that the tWv) or tliree segments are almost parallel, as if 
they had retained the contraction assumed at death. Some decomposition of tlie 
soft parts iiad alr(\‘idy taken place even in tlieso in.stances; for a few of the 
phalangt\s of the hipparions juul ruraiiiants are ofttm wanting when the other boiU‘s 
of the limb art* still in their natural assoeiation, while tin* ]>lialanges of the 
rhinoceros-feet seem to be always lost, though the three associated metapodials art* 
quite common. Similarly, tlm loosely articulated mandible of the Ungulata is 
nearly always removed from tht* skull; it is only commonly preserved in platM? in 
the (Carnivora and Qiindrnmana. 

The majority of tlie hones are quite isolated, and nnist of the skulls of tlio 
antelopes are so much broken that only tin* frontlets with horn-cores remain, A 
large proportion of the limb-boiu*s are al.-io sharply fractured, some having 
comjdotely lost both extremitit*s ; and small point (*d splinters of bone- apparently 
mosX, oi Ithhiftceros are ol'ttui very numerous. Some of the breaking must Lave 
taken place before the soft jiarts had entin*ly decayed, as is shown by certain feet 
of Mhinw'eroii and many limbs of lltpparion and antelopes. In a few cases f 
found the three associated metapodials of H/niioreros with the distal ends as 
sharply removed as if they had been cut oil* with oin* blow of a hatchet. In 
.several instances I carefully i^xtracted the nearly completi^ hind limbs of 
Jlipf.aritm from tlu^ .soft marl, and in all except one 1 found that the tibia ended 
abruptly in a sharp, oblique fracture at it.s middle, xvith no trace of the proximal 
end of this bone or of tlie femur. Moi*eover, iioarly all the isolated tibias 
of liipparion W’cre similarly fractured; while among about fifty examples of 
humerus of the same animal only three complel»» specrimens w’ere found, all the 
other.s being sharply broken at the weakt*st point of the sliaft. It i.s tlierofore 
evident that the limbs were often torn from the trunk by a sharp break at tlM‘ir 
weakest point before the decomposition of the soft parts had jiroceeded far enough 
to destroy the ligaments. 

The new researches make scarcely any additions to the knoxvn fauna of the 
Pikermi bone-hods, and confirm Profe.ssor Gandry’.s statement that the smaller 
rodents, insectivores, and bats are ab.sent. The only striking discovery consists 
in fragm(*iitary evidence of a gigantic tortoise, at least as large as the largest 
hitherto found in J^nrope. ^Fany specimeii.s, however, afford important new 
information conc<!rniiig the s])exdes already described. Notable among these are a 
few portions of skull and a mandible of riiohjra.Vy a skull of Samothevium, a skull 
of Jli/sfn.r primif/euiaf and the greater part oV a skeleton of Meiarcto.'i. llemains 
of lIij)panon are the most abundant fos.sil.s, and the new series of specimens 
illustrates variatioii.s and growth-stages more sati.sfactorily than any collection 
hitherto made. Isolated bones and skulls of Ithhwneros are also common ; and 
antelope-remains occur everywhere in great profusion. Limb-bones of Giraffi dm 
are found abundantly in the low'er hone-bed. Mastodon is rarer ; but two small 
skulls were obtained from the new excavations, and several very large limb-bones 
were found. Among (jamivora latitherium is the commonest form ; but remains 
of Hyaena are not infrequent, and evidence of four individuals of Macha:rodus was 
discovered during the present diggings. Ooprolites of some bone-feeding 
Carnivore, probably Hyaena, also occur. >Skulls and otiier portions of Mesopithem^ 
are frequently met with. The shells of the small Testudo marmorum are some- 
times complete, but always lack the skull and other bones of the skeleton. The 
Cheloniaii shells themselves are, indeed, more frequently broken and disintegrated j 
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and a large proportion of the bone fragments discovered between and below the 
bone-beds are recognisable as pi(*ces of them. It is noteworthy that a good 
specimen of ^reatuda marmorum was found in the marl between the upper and 
hrvver bone-beds in one pit ; and a small undetermined snake was discovered in 
a similar position in anotlier pit. 

While the oxcavatp)!! of these h)ssil.s was in progress at Pikormi, Afr. Frank Noel, 
of Achmet Aga in Northern iMibo-a, accompanied Sir Figerton on one of 

his visits. Jltf recognised that, the Pikermi marls were similar to some containing 
fossil bones on his own estate. Jle also perceived thts identity of tho remains of 
nipiKirion at Pikermi with tlu^ (commonest fossil bones with which he was familiar 
Jit. Achmet Aga. INIany years ago In* h;id sent some of tliesu bones to the Athens 
.Museum, lait ihey seem to llav^^ heen lost and had nevei* received any attention 
from the (ire(‘k iiatiirnlists. lie therefore invited the Jlritish Miis«‘iim to e.vamine 
the discovery on his estjife Jiiid decide whetlier or not the extinct Pikermi faumt 
was there rei)resented. 

vV hri(.‘f visit to the locality where the bom^s occur, near Achnn't Aga, sidliced 
to confirm -Mr. Noels anticipjitioiis. The intcrestingspot i.s in a deep ravine on the 
steep sloiH> just below the village of Drazi jit an el(‘vation of nearly ^^00 metres 
above the sea level. I'Iih torrent has cut througli a thick deposit of red indurated 
marl mucli like that of I’ikermi, and bones are noticeablt‘ in thii section at many 
points. Three days’ digging at oiie place reveiiled two bone-beds separated by a 
thin layer of marl. The bones seem to be as abundant and varied as those at 
Pikermi, and they exhibit (‘Xjictly th(3 sarai' features, llipparion is again the 
commonest fossil, and mingled with the completi* bf)n!*s are splintered fragments 
Land jind fresli-water shells also occur in great abundance, especially a species ol 
rianor/fis. 

Nearly all the bom's discovered during this brief visit were too rotten for 
preservation ; but the weathered face of the st'ctiou alone was (‘xplored, and the 
ibssils would doubtless bo found in gootl condition further inwards. Among them 
could be recognised, besides tho iiiimmerablo remains of Jlippariot/f j)art8 of a 
skull and tibia of li/iinocem.^ a frontlet of Gazjplhi hrvrAvitrrm^ jaws of a small 
ruminant, a large ruminant jnetapodial (probably Samidhevium)y part of a skull 
and mandible of Ivtitlurium, Jiiid some small carnivorf) vertebrje. Tliere was also 
part of the skull of a small 'species of OnfctenqmSy which I w^as able to preserve 
and bring for comparison with the skull of the same genus from Saiuos now in the 
Jlritish IMuseum. 

From these observations it is evident tliat the Pikermi bone-beds are not merely 
a local accident, but jire due to some widespread phenomena. The two localities 
described are about sixty miles apart, and si»em to be situated in tw’o distinct Tertiary 
basins separated by a lijirrier of Cretaceous limestones and earlier rocks. What- 
ever the catastrophe may Jiave been b\" 'whicli the animals were siuhlenly 
destroyiKl, it clearly happened in both places at least, twice if not three times 
within a comparatively short pi'riod. The powerful force which broke ii]) and 
transported the bodies before they had completely decomposed was jirobably the. 
same in each case ; while tho linal resting place of tho bones both at Pikermi and 
Lrazi must have been beneath comparatively tranquil water where they could be 
quickly buried in mud. The absence of all trace of vegt‘lable. matter is curious ; 
but the most plausible explanation of the broken limbs and torn portions of trunks 
seems to be that tho bodies wore hurried by torrential Roods through tliickets or 
tree-obstructed watercourses befons they reached the lakes in which they finally 
rested. Accompanying stones in rapid motion may account for some of the bone- 
fragments. ^ , 

2. The Fayum Deprcaaion : A Preliminary Notice of the Geology of a 
District in Egypt containing a New Pcihrogene Vertebrate Fettina. 
Dy Hugh J. L. Beadxkll, F.GM,^ F,F.(r\S.y of the Geological Survey 
of Egypt, 

The Fayum is a large circular depression in the Libyan Desert, some fifty' 
unles 8outh->vest of (>niro, ’Fh*' lower part — an area of some 1,500 square 
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kilometres —is ocoupiod by a larjro lake, the IVirket ol Qiirun, and an inhabited 
cultivated district, irrif^ated by a canal, eiitoriiiiir the depression from the Nile 
Valley. Tliis central part is surrounded by an arid desert, riain^y by a series of 
escarpments to vavviici: hoi^lits, tlios^ on the imrtli side attaiiiinj^ an elevation of 
400 metres above the lowest, part of tin? depre.ssioii. The depression is cut on/, iji 
rocks of Kocene and Oliufoceiie ajre, but within the hollow, still younger deposits, 
of I’liocene and Post-l'Jiocene date, .-ire found. 

Tlie lowt»st beds ex])osed in the depre.^sioii art? the clays, marls, 'and lime.stoncs 
with yu?}nnf/life.'t ifizoJiensis of Middle lioeene age. Tht\se are succeeded by a 
group of marly limestones and gvpseous clays wliieli largely underlie tlie 
cultivated alluvium of tlie Kayiim. The latter an? followed by a series consisting 
of clays, sandstono.s, and calcareous grits, some beds of wliich are cliaract(?risi*(l 
by the abundance of Optrvttfina and small numiniilites. This last group is 
followed by the uppermost Eoceiic' marine bt'ds, an altt?riiating serii?s of clays, 
sandstones, and limestones, tin? *• Cnrnlia be<ls’ (equivalfMit to the upper 
Mokattam of ( Viro), characterised hy an abundant invertebrate and vertebrate 
fauna. 

Above the CaroUa beds, and well marked off from them both lithologically 
and paheontologically, is found a gre.it thickness of variegated tluvio-mnrine 
sands, sandstones, clays, and marls, divided near the summit by one or more 
intercalated lava sheets. 

The beds above the basalt are certainly of Oligocouc age, and jirobably a largv? 
part of those below : but the basal bsds appear to represent the Upper Eocene, 
there being evidently a perfectly gradual transition from Eo:one to Oligocene in 
this area. 

During a survey of the area in 189S tlie author found that certain strata of the 
series were veritable * bone beds,’ being crowded in place.s with the remains of 
crocodiles, ribs of cetaceans, fish hon(*s, and copriilites. 

In May 1901 he returned to the district with the special object of re-examining 
and more carefully searcliing lh(» most promising hods, and on this e.xpedition 
he was accompanied by Dr. (\ W. Andrews, of the British Museum (Natural 
History). On their return journey to (^airo they were mo.st fortunate in crossing 
the Eocene escarpmonta at a point where a considerable number of marine and 
terre.strial vertebrate remains lav exposed on the siirTace of the bone beds, and a 
fortnight’s careful work resulted in an unique collection of entirely new mammals 
and reptiles. 

A preliminary description of the most interesting of these is now being 
published by Dr. Andrews in the ‘ Gonlogical Magazim*,’ and Capt. JjVOiis inieud.s 
to issue as soon as poasibli? a comph?te .survey memoir on the district by the 
author, with a description of the vertebrate remains by Dr. -\ntlrew 3 . 


3. J^pport nn the Movements of Underground Waters of N, W, Yorkshire, 

See Ileports, p. 337. 


4. On the Physical ] list or g of the Norwegian Fjords, 

./?y Professor Edward Hull, J/.gl., LL.D,^ F,R.S^ F,G S. 

That the Norwegian fjords were originally river-valleys is a statement which 
scarcely* admits of controversy. In their form, outline, and topographical position 
they are simply prolongations of the valleys which descend into the sea partly 
submerged ; and if the land were still further submerged, as it once was to the extent 
of 200 metres according to Andr. M. Hansen, the fjords would bo prolonged 
beyond their present inland limits without much variation of form. 

The process of valley erosion by rain and river action is nowhere in Europe 
more admirably exemplihed than in Western Norway, and the process may be 
supposed to have been in operation in the early formation of the fjord channelfli 
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themselves before the epoch of submergence. But when we come to examine the 
form of the channels, as shown by the soundings marked on the Admiralty 
charts, we tind ourselves confronted by the remarkable fact that the beds of 
the channels descend to very great depths, far exceeding those of the outlets 
whene the fjords open out upon the floor of the North Sea. Now as river valleys 
must necessarily increast> in depth from their sources to their outlets, we are lier<j 
brought face to face with a physical problem which apparently is inconsistent 
witli'our view of the original character of these channels as stated above. To 
the solution of this problem we must now shortly apply ourselves. 

2. (h*neral form of the fjord-beds , — The numerous soundings laid down on the 
Admiralty charts of 1805 and 1880 enable us to determine with accuracy the form 
of the submerged portions of the fjords. Using these soundings, and by their aid 
jaying down the isobathic contours, we arrive at results sufficiently remarkable. 
In the case of the Hardanger, the Feris, the Sogne, the Nord, the Vartdals, and 
the 8tor Fjords with their branches we find that shortly after passing tlie entrance 
from tlie outer sea and the chain of islands which fringes the coast of the mainland 
tlicy rapidly descend to great depths, which are continuous for long distances 
inland, and then gradually become shallower toward the upper limits, where they 
pass into river valleys characterised by terminal moraines of ancient glaciers, or 
old sea terraces. In carrying out the mapping of the contours the author has 
adopted the following soiindiugs : — 

(1) Those of the lOO-fathoin contour (00(> feet). 

(2) „ .. 200 „ (1,200 feet). 

(3) „ 400 „ „ (2,400 feet). 

(4) „ „ GOO „ „ (:i, GOO feet). 

'riio floor of the Soguo Fjord descend.s to even greater depths than the 
last of these, viz , 001 fathoms (3,000 feet), which is reached in the case 
of tlie Sogiio Fjord at a dislau(;o of about 25 miles from the entrance. At the 
entrance the depth seldom excc'cds 100 fathoms (000 feet), and is generally less ; 
hut oiico the deep water is reached there is little change of level for long distances. 
As regards the cross-section of the principal fjords a glance at the charts shows 
that they retain tlTo form (yjj narrow channels witli little variation in breadth, 
receiving tributaries on either hand and bounded by steep or precipitous walls of 
rock, as in thj* case of the valleys, of w’liich they are only prolongations under the 
surface of the sea. 

3. When endeavouring to account for the peculiar form of the fjords and the 
depth of their floors over the central portions we must not forget that these old river 
valltivs were the channels of great glacit*rs during the l*ost-Pliocene or (llacial 
period, and that glacial erosion has contributed to the dei*pciiing process. Some 
Norwegian geologists, such as Hansen,' attribute to this deepening of the original 
channels by glacier erosion on the one hand, and to the piling uj) of enormous 
masses of moraine matter at the entrance on the other, the great disparity of the 
depth of the fjords at the inner and outer stages of their course. To the latter 
cause the author fully assents ; hiif he is doubtful whether glacier erosion has 
had the effect of adding many hundreds of feet to the depth of the original floor 
of the valleys. But l(?aving this question, we have to consider a second problem : 
by what means did the original rivers empty themselves into the ocean before the 
Ulacial period, vvhen there was neither deepening of the floor by glacial erosion 
nor shallowing by moraine matter ? Previous to the (Bacial epoch the rivers 
must, in the author’s view, have entered the outer ocean through channels which 
cannot now be clearly traced by soundings over the shallow floor of the North fc?ea. 
At the same time it is certain that it was by such channels that they reached their 
ultimate destination in the Arctic Ocean, because rivers as they flow seawards must 
necessarily desdeiid to lower levels. This being so, it follows that the channels 
do actually exist, though they may not be traceable by the soundings over the flow 

* Xortray^ edited by Dr. Sten Konow and Karl Fischer, May 1900. Trabslated 

J. C. Christie, Miss Muir, and others. 

1901. 
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of the coniparativi'ly shallow North Sim, and wo liave to consider why it is 
that tliey aiv untracoahlr. 

The cause appears to be closely eoniiecteil w'ith the subsequent Mubmor^eiicc in 
later or rost-lTlacial times, as imlirated by the raised beaches and terraces.* 
During this epoch the glaciers liad only partially disappeared or receded froiy tb 
lower valleys. Great (piantititvs of mini, sand, gravel, and lx^iilder.s would ho 
carried d<nvii by the si reams and distributed by lloatiiig ice over the sea-bed. 
By such material the whole lloor oi' tlie North Sea lias bew^n overspread to 
unknown deptli.s and owing to the agiMicy of tides ami (uirrmits would have Injcii 
sw('pt into tile dei'p channels <d’ the ])iv-t‘\istiiJLr ii\ers. 'Fhe author is convinced 
that vere it possible to strip tin* lloorol* the North Sea f)f it.s .sefliimnitarv cover- 
ing tJiH.v; channels wtmld fonn«I traversing tin* tioor of the continental plattbrni, 
and ultimately opening out by cauon-likeeliannels on the lloor of the Arctic Gcouii. 

The phenomena here observed, or inferred, Jiave tlieir re2>re.'i(.*ntative.*s along tin* 
coasts of the Isles and Western Kurope. Jn both ca.se8 there is the 

shallow continental platform, terminating in a deep and rapid descent to llio 
iloor of the abyssal ocean, and traversed by channels of ancient rivers traceable 
by the soundings in the case of Western Kurope, or inferential in the case of 
Western Scandinavia. In a few cases tliese channels are for short distances 
clearly indicated on the charts, as, f«^r example, in the casa of the Bredsund Dybot, 
Avhicli is a prolongation of the Stor Fjord out to sea, between the islands of Godo 
and liarejdo in lat. oO', with a general depth of 100 fathoms below the 
adjoining tioor of th(^ st a; and there are a few other similar cases. 

Outline of the p/n/sical historic tf the fjonls . — As connected with the past 
history of the Norwt‘gian fjords the following appear to be the most important 
stages ; — 

Lst (Farlie.sO Period, — Continental conditions ; Archaean rocks; river 
erosion begins. 

:2nd Period. — J’urtinl suhmi'rjjenco in early Silurian times. 

Ord Period. — Klo\ation of land during Mesozoic and 'rertiary periods; further 
deepening of river clianiicls. 

dth JVriod. — (l^tatvrnuni. Jhirlv (ilaeial: great elevation of land and 
ultimate oxteii’-ion of MKovlidd.'^ jind glacieiv. l(!(^ tilling the valley.-, and moving 
out to sea. 

otli Period. — (^nu.frrtfnyit. Po>t-Ghieinl : sub.ddfnice and partial siibmergen'en 
of land : ivtn at of tin* glaciers, icebergs and raft.s covering the adjoining sea. 
Amelioration of climate. 

Otli JVriod. — Jicrrnf. De-elevatioii h) approximately ])re.seiit position with 
regard to the outer oct?aii. J'urmalion of raised boache.s (.strand Union). 

The ])a])er concluded with a comp.ari.son bet ween the above physical features 
as they occur in Norway with those of Scotland. 


5 . Oit ihe Oi'ifjub of the Gntml-jlnfs of St n'ratj (ntd .Brrkshb'e,'^ 
lUj liouACK W. ]Mon<’kton, F.L.S.^ Y.PJJ.S. 

On. the south of the Thames flat expanses of gravel are largely developed. 
They lie at various levels from GUO feet O.D. at Cm-sav’s Camp, Aldcrshot> down 
to almost sea-level in the Thaine.s valley near Jjondon. 

T'he gravel is of variable thickne.ss ; ]»erhaps lo feet is about the average. 
There are similar gravel-ilat.s north of the Thames, but there drift questions 
are cohiplicatcd by the presence of glacial beds. 

* According to Professor Keiisch the terraces with marine .shells reach an eleva- 
tioh of about 200 metres (620 feet) in the Trondheim di.sfcrict; but the author’ 
during a recent visit was unable to ob.scrve any higher than 2i30 feet south of this 
position. 

- Published in full in the Geological Mitgaziuc, December 1, vol. viii. November 

lyoi. 
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The author siigj^estH - 

1 . That the gravels are river gravels formed since the country last rose above 

That th(i process of elevation was not continuous, but that short periods of 
rupid movemtiut. were stiparated by long pt3riods of repose ; 

;3. That the gravtd-flats are the work of the rivers during the periods of 

^ ^ 4. That the ^arth-uiovenienls did not ailect the whole area uniformly, and that 
local dei»rcssioiis occurred. 

Ill support of these coiidusioiia the author refers to the step-terraces so common 
in llie fjords and t») the old coast -plain and shore-lines which occur above and 
below the present sea-level on tlui Norwegian coast. 

As evidence of local depre^ssion, he refers to tlie deep channel f)f Drift in the 
viilley of the ( ^ini» described by Mr. W. Whitaker,' and to the great thickness of 
the Coybicida Jtnmhmlii^ bed at Crayforcl. 


G. Oil thfi Occnrreui'j^ of Diotii*' asuociated loith (rranite at AssoiiaUf 
Upper EtjtjpL By Albxaxdeu Somkrvail. 

Immediately below tli(3 front of the Cataract Hotel there is exposed an 
interesting section of the reddish granite of the neighbourhood. It is notable for 
a mass of dark diorite, whicli seems to cut it as a vein or dyke, running in an 
J'l.X.E. and AV.S.W. direction. 

The breadth of this dyke-like mass is variable, but on an average it is about 
three feet wide. 

The walls of both are as a rule sharply' deiined, without any apparent passage 
of the one into the other, although at some porthms of the margin of the diorite 
llierc' are a IV'av red crystals of tlie hdspar of the bounding granite. 

'riierci arc, howcvcT, about llu' central portion of the diorite, crossing it at 
rijiht inigh's. two small veins of tln^ nddisli granite of the parent mass. One of 
these is only about quarter of an inch wide, and tlie other about two inches in 
width. 

Thi.'ge two Veins are botli in colour, and also in composition, exactl}* the same, 
as the raothor rock; and an? not continued into the parent mass as distinct veins, 
but are essentially a part of the granite itself. 

Tile aiitlnu- did not enter u])on any theory of explanation, but it is, he lliinks, 
ohvioiis that the granite and diorite are not separated from each other by any 
great dillereiice of age. 


7. Note on nonie HornbleurP Porph yrites of Vktoria {Australia), 

By Jamk« 8riRLiN<J, (ioverumenf (Jeologisf of Victoria. 

The existence of aurifei'ous quartz veins associated with a class of eruptive’ 
rocks, which are intrusive to the Upper Siliiidau formation (shales, sandstones, 
conglomerates, and limestones) of Victoria has long been known. The treqnent 
oiyiirreuce of hornblende in this class of rock has led to the use of the term 
ftioritr for most of tlio dykes, although marked diflerences in mineral composi- 
tion and structure were frequently observed. During n recent geological and 
imdergroutid survey of the Walhalla Goldfield, where the dykes were clawed as 
ntoriieSy I caused a number of samples of the dykes to be selected and sliced for 
petrographic investigation, ■svith the result that many of tlie intrusive rocks were 
bntnd to belong to several dilfeivnt classes, in whicli hornblende %vas ekher 
wholly absent or but sparingly represented, being replaced by mica-forming mica- 
lelsites, &b. This inquiry led to a closer examination of the well-known Wood’s* 

* Quart. Journ. Grot. Soc.y vol. slvi. p. 333. 
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Point diorites, in which hornblende is notably present, with the result stated 
in the acoompanyinp: petrographic note. It is intended to continue the systematic 
investig^ation of all the Victorian so-called diorites, particularly those with which 
auriferous quartz veins are associated. 

In this investigation I shall have the valuable co-operation of Mr. ¥:■ P. 
Mennell, nn Australian student at the Iloyal School of Min.'s, London. 

The following brief description is intended as a jireliminary no^e : — 

'Wood’s Point, Vi crop a. 

Siidr 277. — This slice was cut from a dark coloured, evou-graiiied rock of 
granitic aspect. The specific gravity is high (2‘‘J). J>lack hornblende is the most 
conspicuous constituent i ilmcnite and pyrites can also be recognised by their 
characteristic colour and lustre. Under tlie microscope the rock does not show 
that simplicity of structure which might be inferred from its appearance in hand 
s{)ecimen 9 . Hornblende is still the mineral which gives a distinctive character to 
the rock ; but the whitish material with which it is associated, though much 
decomposed, is at once seen to be of a complex nature. 

Constituent Minerals: llornhleude , — This mineral occurs in large granule.^, 
often showing crystal faces, though the outline is frequently too indefinite for the 
form to be determined with precision. The prismatic cleavage is generally well 
marked, though some crystals show irregular cracks. The colour is in most cases 
brown, though some of the crystals are of a greenish tinge, and a few are quite 
colourless. The coloured varieties exhibit strong pleochroism (fairly deep brown 
to almost colourless). Sections showing only one set of cleavage traces give a 
maximum extinction angle of 20°. 

Felspar , — ^The predominant felspar is evidently plagioclase, though owing to 
its decomposed state and the absence of twin lamidlatiou or cleavage traces it is 
diificult to assign it 'with certainty to its proper position in tlio albite-anorthito 
series. It seems, however, to be a basic oligoclase, and it is notable that in ono 
or two instances it presents crystal faces to the hornblende. Orthoclase is also 
present, chiefly intergrowu in crystallographic relation with quartz, forming 
micropegmatitic patches, which give to portions of the rock very much the 
appearance of a grauopliyre. 

Quartz occurs almost entirely in micrographic intergrowth with the orthoclase 
as sharply defined skeleton crystals, often triangular in outline. It is thus of 
prior consolidation to the felsj)ar with which it i.s associated, and in thin section 
is the more distinct from its being entirely unafiected by the agencies which have 
rendered the felspar almost opaque. 

Ilmenite is abundant in irregular grains and skeleton crystals, and is, no 
doubt, the source of the black ‘ titauiferous ironsand ' which is so plentiful in the 
locality. Its outline, lustre, and characteristic alteration afford a ready means of 
identification. 

Spheue, of the wdiite variety known as leucoxene, has been abundantly pro- 
duced by the decomposition of the ilmenite. It does not form definite crystals, 
but it serves to bring out the internal structure of the ilmenite in a most striking 
manner, owing to the way in which decomposition has proceeded along the lines 
of least resistance, related to the crystalline form (hexagonal) of the original 
mineral. ^ 

Other accessories are pyrites and apatite, neither of which is plentiful. The 
former is easily recognised by its pale brassy colour,* as seen by reflected light. 
The apatite forms slender prisms, longitudinal sections showing the cross-fracture, 
while transverse ones show the characteristic six-sided form. A colourless 
mineral with the roughened appearance characteristic of a high refractive index 
also occurs as a decomposition product of the hornblende. It is almost isotropic^ 
and may be referred to the chlorite group. 

Structure ,. — ^The texture and structure vary considerably in different parts of 
the slice. The rock is holocrystalJine, but the order of crystallisation of the 
difterent minerals is variable and the presence of micropegmatite is distinctive. 
The other minerals act very much the part of a gromid muss toward the horn- 
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blende, thongh the appearance of the rock is not strikingly porphyritic, and the 
general structure is very similar to that of the less basic syenite-porphyries of the 
(jhamwood district in Leicestershire. It points, in fact, to a hyp-abyssal as 
opposed to a plutonic origin for the rock, which might therefore be* classed as a 
(liorite-porphyry or hornblende-porphyrite. 

f 

8. Mole&n mu Anthropods from the Upper Silurian, 

Jly Malcolm Laurie. 

9, The Copper-hearing Rocks of South Amtrcdin, By F, P Mennell. 

The copper ores of Yorke’s Peninsula in South Australia were the first 
metallic minerals worked on the Australian continent. They occur in rocks of 
Archaean ago, which at Moonta and Wallaroo have been subjected to crushing 
and shearing to such an extent that they present few traces of their original 
structures, except in the case of a diorite at Wallaroo, which is of a typically 
plutonic character. Most of the rocks are mylonites, and in some instances have 
been reduced to a compact flinty type, in which none of the minerals can be 
ivcognised with certfiinty. Wliere the original constituents have survived they 
are of a fragmentary character ; oligoclase seems to have best resisted the crushing, 
and ortlioclase occasionally remains inlcuticles ; but the brittle quartz has invari- 
ably been reduced to powder. The economic aspect of the examination is of 
considerable importance, for the mines have several times been shut down when 
the or(! has thinned out owing to doubts as to its permanence. From the 
oliaracterof the rocks it is, however, obvious that they occur in a true 'fissure 
lode,’ and no doubts need be felt as to the continuance of the ore to the limit of 
workable depths. 


10, Report on the Emiratm of the Ossiferous Cam at Uphill, near 
lyeston-sup'-Marc.—^ei Reports, p. .‘152, 
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Section D,— ZOOLOGY, 

PliEjsipTMT OP THE SRCTToy,—- Prof»ssor J, Cossar Ewart, M.D., F.TJ.S. 


THURSDAY, SEPTEMBER 2. 

Tbo President delivered tlie following Address : 

21in Experimental Study of Variation, 

The study of varialion may bo said to consist (1) in noting and classifying the 
differences be‘tw'een parents and their offspring ; and (2) in determining by obser- 
vation and experiment the causes of these diftei’onces, especially why only some of 
them are transmitted to future generations. The facts of variation having been 
dealt with at considerable length in a recent work by .Mr, Pateson, I shall discuss 
chitjfly the causes of variation. 

Though for untold ages parents have doubtless observed differences in tht^ form 
and temperament of their children, and though l)r»*edtTsluivo long noted unlooked- 
for traits in their ilocks and herds, the systematic study of variation is of very 
recent date. This is not surprising, for, while thi? belief in the immutability of 
species prevaded, there was no special incentive* either to collect the facts or 
inquire into the causes of variation ; and since the appearance in 1859 of the 
* Origin of Species/ biologists have been mainly occupied in discussing the theory 
of natural selection. Now that discussions as to tin* nature and origin of species no 
longer occupy the chief attention of biologists, variability — the fountain and origin 
of progi*i*s>iive development — is likely to receive an ever-increasing amount of notice. 
Strange as it may appear, naturalists at the end of the eighteenth century con- 
cerned themselves more with the causes of variation than their successors at the 
end of the niiieteentli. Iluffon, who discussed at some length nearly all the 
great problems that inten*st naturalists to-day, after considering variation arrived 
at the conclusion that it was due to the direct action of the environment, and 
even invented a theory (strangely like Darwin’s theory of pangenesis), to explain 
how somatic were converted into germinal variations. JCrasmus Darwin and 
Jjamarck also had views as to the causes of variation, Erasmus Darwin believed 
variability resulted from the elforts of the individual, n(*.w structuras being 
gradually evolved by organisms constantly endeavouring to adapt themselves 
to their siiiToundings. Tjamarck about the same time endeavoured to i)rove that 
changes in the environment produced new needs, which in turn led to the forma- 
tion of new organs and the modification of old ones, use being especially potent m 
perfecting the new, disuse in suppressing the old. Doth Enismua Darwin and 
Laiparck, without attempting, or ax)pareutly even seeing the need of, any such 
explanation as pangenesis off er(‘d, assumed that dofiriite acquired modificationft 
were transmitted to the offspring, and they both further assumed that variations 
occurred not in many but in a single definite direction ; hence they had no need 
to postulate selection. The speculations of Erasmus Darwin and Lamarck having 
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had little influence, it fell to Obarlee Darwin to roiifttriict new and more lasting 
foundations for the evolution theory. 

Charles Dhrwin, clearly realising that variation occurs in many different 
directions, arrived at the fur-reaching conclusion that the best adapted varieties 
are selected hy the environment, and thus have a chance of giving rise to new 
species. Tlioiigh iinpresstjd with the paramount inipf)rtanc(* of selection, Charles 
Darwin realised that ‘^ts atttioii ahsoliitidy depends «)n what we in our ignorance 
call spontaneous or accidental variation.' ‘ Darwin, however, concerned himself 
to the last more with selection than with variation, douhthjss because he believed 
variability sinhs t(» a rpiite aebordinate position when compared with natural 
selection. As variations stand in very much tin* same relation to selection as 
bricks and other formed material stand to tin* builder, Darwin was perhaps 
]ustifi(*d in rating so highly the importance of the principle with wliich his name 
will over be intimately associated. Though Darwin considered variability of 
secondary importance, it may be noted that he did more than any other naturalist 
to collect the facts of A^ariation, and he, moreover, consijlered at some length the 
causes of variation. He regardiid with most favour the vit*w ^ that A'ariations of 
all kiinls and degrees are directly or indirectly caused by tin* conditions of life 
to which each being or more especiall3' its ancestors have been exposed.' ’ Of all 
th»* causes which induce variability, he helievt*d excess of food was ])rohablv the 
most powerful.'* In addition to variations which arise spontaneously in obedience 
to fixed and iinmutahlo laAvs Darwin believed with Buffon that Auriations were 
produced by file direct action of the environment, and AviDi Lamarck by the use 
and disuse of parts; and he acc(»unted f<ir the inheritaiici} of such variations by his 
theory of paiigenesis. Darwin seems always to have regarded the direct action of 
the environment and usti and disuse us, at the most, subsidiary causes of variation ; 
but Mr. ITei'bert Spencer and his followers regard ‘ use-inheritance ’ as an all- 
important factor in evolution ; A\diilo Copo and his folloAvers in America, by a 
mixture of ^usti-inbcritance’ (Kim^togeneis) and Lamarck's ncck-stretching theory 
( Archmsthelism), apparently see their aa’ua' to account for the evolution of animals 
wilh but little help from natural selection. 

Professor Weismann and others, howcA'cr, have recently given strong reasons 
for the belief that all varial ion is tin* result ofcliaiigts in the germ -plasm ultimately 
diK* to external stimuli, the vuviroumeiit acting directlj" on unicellular, indirectly' 
on multicellular organism. It is convenient to speak of biologists who believe 
Avilli Mr. Herbert Speiict'r in the Iuav of use and disuse (use-inheritance) as Neo- 
Lainnrckians, and of those Avho Avith AVeismann refuse to accept the doctrine of 
the transmission of definite acqnireil charaeters, and in the case of multicellular 
organiams the direct influence of the environment ns a cause of A'ariation, as Neo- 
Darwinians. In discussing variability I shall assume that all variations are 
transmitted by the germ-cells ; that the primary caust* of variation is alway s the 
efleci of external influences, such as food, temperature, moisture, kc. : and that 
‘the origin of a variation is equally' independent of selection and amphimixis,’ * 
«iUi})himixis being simply the means hv which eflect is given to difl'ereiices 
inherited, and to the difler(*nces acquired by' the germ-cells during their growth 
and maturation. 

Theoretically the oflspring should he an equal blend of the parents and 
(because of the tendency to reversion) of their rosj)i'ctive anct*stors. In as far 
aw the offspring depart cither in an ohl or in a new direction from this ideal 
intermediate condition tliov may' be said to liavi* nndergont' variation. The 
more obvioi^s variations consist of a difference in form, siz{», and colour, in the rate 
of growth, in tlio period at Avhich matuiity is reached, in the fertility', in the power 
withstand disease and changes in tln^ snrronndings, of diflennices in tem^t^^ament 

A'ffiifiah and Planis, vol. ii. p. 20(;. 

- Ibid.t vqI. ii. p. 2K). Klstiwhere lu^ says avc arc ‘driven to the conclusion 
that^ in most cases the conditii>ns of life play a subordinate lairt in causing any 
particular modification.* 

“ JMfl., vol. ii. p. 282. 

* Weismann, Thv. Oerm -l*lam p. 431, 
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and instincts, and in the aptitude to learn. In the members of a human family 
tliero may be great dissimilarity, and the dissimilarity may be even greater in the 
members* of a single brood or litter of domestic animals, especially if the parents 
belong to slightly different breeds. 

Frequently some of the oflspring closely resemble the immediate ancestors, 
while others suggest one or more of the remote ancestors, are nearly ihter- 
mediate between the parents, or present quite new* cliaracters. Similarly 
seedlings from the same capsule often differ. Can we by way of accounting 
for tliese differences only with Darwin say that variations are due to fixed and 
immutable laws, or at the most subscribe to Hie assertion of Weisraann, that 
they are ‘duo to the constant recurrence of slight inequalities of nutrition 
of the germ-plasm’?^ 'Weisraann accounts for ordinary variation by saying 
that the reduction of the germ-plasm during the maturation of the germ-cells 
is qualitative as well as quantitative, «.<?., that the gt rm-plaam retained in 
the ovum to form the female pro-niiclciis is diflerent from the germ-plasm dis- 
charged in the second polar body. He accounts for discontinuous variation and 
* sports * by ^ the permanent action of uniform changes in nutrition.’ ^ These 
uniform changes in nutrition, by modifying in a constant direction susceptible 
groups of germ-units (determinants), after a lime giving rise to new, it may he 
pronounced variation. ^lust 'we rest satisfied with these assumptions, or is it 
possible to account for some of the variability met with by, say, clilferences in tlie 
maturity of the parents or of the gt‘rm-cells, by tlie germ-cells liaving been 
influenced b}^ interbreeding or intercrossing, or by the soma in which they are 
lodged having been invigorated by a cliange of food, or habitat, or deteriorated by 
unfavourable surroundings or disease ? In otlier words are there valid reasons 
for believing that the germ-cells are extremely sensitive to changes in their 
immediate environment, ?.c., to modifications of the body, or soma containing 
them, and that the cliaracters of the offspring depend to a considerable extent on 
whether the germ-cells have recently undergone rejuvenescence ? 

Obviously, if the offspring, other things being equal, vary with tbo ago of the 
parents, the ripeness of the germ-cells and with the bodily welfare, the qualitative 
division of the nucleus on which Weisraann so much relics as an explanation of 
ordinary variation will prove inadequate. 

Is Age a Cause of Variation? 

During the course of my experiments on Variation I endeavoured to find an answer 
to the question, ‘ Is Age a Cause of Variation ? ’ During development and while 
nearly all tlie available nourishment is required for building up the organs and 
tissues of the body, the germ-cells remain in a state of quiescence. Sooner or 
later, however, they begin to mature, and eventually in most cases escape from the 
germ-glands. I find the first germ-cells ripened often prove infertile. When, 
e.g,f pigeons from the same nest are isolated and allowed to breed as soon as 
mature, they seldom hatch out birds from the first pair of eggs, and though 
quite vigorous in appearance they may only batch a single bird from the second 
pair of eggs. The same result generally follows mating very young but quite 
unrelated pigeons ; but when a young hen bird is mated with a vigorous, well- 
matured male, or a young male is mated with a vigorous, well-matured female, 
the eggs generally prove fertile from the first. The germ-cells are, as far as cun 
be determined, structurally perfect from tbo outset ; and that they only fail in 
vigour is practically proved by the fact that, though the conjugation of germ-cells 
from two young birds leads to uotliing, the conjugation of germ-cells from quite 
young, birds with germ-cells from mature birds generally at once results in 
offspring. 

The following experiments indicate bow age may prove a cause of variation. 
Last autumn I received from Islay two young male blue-rock pigeons wliicb, 
though bred in captivity, were believed to be ns pure as the wild bi^s of the 
Islay caves. In February last one of the young blue-rocks, while still immature, 

* Germ- Plasm ^ .431, 
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was placed with an inbred wliite femtail, the other with an extremely vigorous well- 
matured black barb. In course of time a pure- white bird was reared by the white 
fantail, and tfwo dark birds by the black barb. Owing probably to the fantail being 
inbred and the blue-rock being still barely mature, the young white bird died soon 
after leaving the nest. No birds were hatched from the secrond and third pairs of eggs 
laiS by the fantail, but from the fourth pair two birds were hatched which are now 
nearly full-grown, lliese 3 'oung birds are of a darker shade of blue, and loolc 
larger and mow vigorous than their blue-rock sire. As in the Indian variety of 
the blue-rock pigeon the crou]) is blue, and, as in some of the Eastern blue-rocks, 
the wings are slightly chequere 1. They, however, only essentially dilfer from their 
fcire in haying four extra feathers in the tail. The first pair of birds hatched b^^ 
the black barb when they reached maturity early in August might have passed 
for 3 "oung barbs with somewhat long beaks. Since the first pair wore hatched in 
March th.e blue-rock and black barb have reared six other birds. One of the second 
brood closely resembles tlie lirst birds liatched ; the other is of a greyish 
colour, with slightly mottled wings, a long beak, and a tail bar. "I'he 
birds of the third nest are both of a greyish colour, but have indis- 
tinct wing bars as well as a tail bar. Of tho fourth pair of 3 *oung one 
is greyish like the birds of the tliird nest, the other is of a dark blue colour with 
slightly che(iuered wings, and a head, beak, and bars as in its blue-rock sire. The 
gradual change from black to dark blue in the blue-rock barb crosses is very 
remarkable. I can only account for the almost mathematical regularity of the 
change by supposing it has kept pace with a gradual increase in the vigour or 
prepotency in the v'oung bhuj-rock. Eventually the offspring of the blue-rock 
mated to the black barb, like the offspring of its brother with the white fantail, 
may be of a slaty blue colour, and otherwise resemble a wild blue-rock pigeon. Many 
breeders would explain the offspring taking more and more after the sire by the 
doctrine of ►Saturation — a doctrine that finds much favour amongst breeders — ^but 
as identical results were obtained when young females were mated with well- 
matured males the saturation explanation falls to tho ground. 

Like results were obtained by breeding young grey quarter-wild rabbits with 
an old white Angora buck ! the first young were white, the subsequent young 
were white, grey, and bluish gre}’. From those results it follows that, when old 
and young but slightly different members of a variety or species are mated a 
wonderfully perfect series of intermediate forms is likel}' to be produced. Amongst 
wild animals the young rareh^ have a chance of breeding w’ith the young 

females ; hence amongst wild animals, owing to age being a cause of variation, a 
considerable amount of material is doiibtle.^is constantly provided for selection, 
thus affording a variety an additional chance of adapting itself to slight 
tluctuations in the environment. 

In the results obtained by crossing mature, vigorous, and, in some cases, inbred 
males with barely mature females an explanation may be found why in some 
families the same features have persisted almost unaltered for many generations ; 
why in his features the squire of to-da\’- sometimes exactl 3 ’’ reproduces the lines of 
his ancestors, as seen in portraits and monumental brasses. It should, however, 
be borne in mind that highly prepotent forms ore capable from the lirst of so 
completely controlling the development that they transmit their peculiar traits to 
all their offspring. 

Is Ripmess of the Germ-Cells a Cause oj Variation ? 

While difference in age may sometimes account for tho earlier broods and 
litters resembling one of the parents, it fails to account for the veiy pr^noiniced 
variation often found in a single brood or litter, and for much of the dissimilarity 
between members of tho same human family. When a sinffle fertilised germ-cell, 
as occasionally liappens, gives rise to twins, they arc always identical ; helice it 
}“ay be assumed differences in members of the same family have their source 
m differences in the germ-cells from which they spring. If the offspring vary 
With the maturity of tho soma it may also vary with the maturity of the genn- 
cells, or at least with their condition at the moment of conjugation. 
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Some years ago Mr. H. M. Vernon, when hybridising ecbinoderms, discovered 
that * the characterisics of the hybrid oflfepring depend directly on the relative 
degrees of maturity of the sexual products.’ ' Mr. Vernon found* subsequently 
that over-ripe (stale) ova fertilised with fresh sperms gave very different results 
from fresh ova fertilised with over-ripe (stale) sperms, from which he inferred 
that over-ripeness (staleness) is a ver>' potent cause of variation.- 

I lind that if a welUmatured rabbit doe is prematurely *(/.^., some time before 
ovulation is due) mated with a buck of a dillereut strain, the yoiuyjtako after the 
sire; when the fertilisation takes place at the usual time, some of the young 
resemble the buck, some the doe, while some pn*seut new characters or reproduce 
more or less accurately one or more of the ancestors. \\'lu*n, however, the 
mating is delayed for about thirty hours bej'ond the normal time, all the young, 
as a rule, resemble the lioe. It may hence be inferred that in mammals, as 
in ecbinoderms, the characters of the olfspring are related to the condition of 
the germ-cells at the moment of conjugation, the offspring resulting from the 
nnion of equally ripe germ-cells dilfering from the otispring developed from the 
('onjugation of ripe and unripe gerin-cidls, and still rnort* from the union of fresh 
and over-ripe germ-cells. This conclusion may be said to be in harmony with 
the view expressi'd hy Darwin, that the causes wduch induce variability probably 
act * on the se.x elements before impregnation has been effected.’ The results 
already obtained, though far from answering the question why there is often 
great ilissimilarity bt'tweon members of the same family, may lead to further 
experinitmt, and especially to more complete records being ke])t by breeders. It 
is unnecessary to point out what a gain it would bo were breeders able to 
regulate, ev<*ii t<) a small extent, the cliaracters of the offspring. 

In the Condition of the Soma a Canine of Variation ? 

There is a considerable amount of evidence in support of the view that 
changes in any part of the body or soma which uifect the ^eperal wtdfare 
intluence the germ-cells. This is but what might be expected if the soma in 
the metazoa is to the germ-cells what thc‘ iinmt?diate surroundings are to the 
protozoa. The soma from tlm tii’at forms a convenient nidus for the germ-cells, 
and, wlien sufficiently old and sufficiently nourished, it provides tlie stimuli by 
which the ripening (maturing) of the g<jrm-cells is (dfected. If in the case of 
the protozoa variation is due to the direct action of the environment, it may 
he inferred that in the metazoa variations of the germ-cells result from the 
direct action of the souia, /.c., from the direct action on the genu-cells of their 
immediate environment. This, however, is quilts a ditferent thing from saying 
that definite somatic variations are incorporated in the germ-cells (converted into 
germinal a arialions) and transmitted to tlie olfspring. 

It may first asked, Dot's disease, in as far us it reduces the general vigour or 
interferes with the nutrition of the germ-cells, act as a cause of variation ? 1 

recently received a number of blue-rock pigeons front India infected with a blood 
parasite (Halteridium) nrit unlike the organism now so generally associated with 
malaria. In some pigeons the parasites were very few in number, in others they 
were extremely numerous. The eggs of a pair of these Indian birds with 
numerous parasites in the blood proved infertile. I'^ggs from a hen bird with 
numerous parasites fertilised by a male with few parasites proved fertile, but the 
young died before ready to leave the nest. An old male Indian bird, however, 
with comparatively few parasites, mated with a mature half-bred English turbit 
produced a single bird. The half-bred turbit has reddish wings and shoulders, but 
IS otherwise white. The? young bird by the Indian blue-rock is of a reddish 
colour nearly all over, hut in make not unlike the cross-bred turbit lieq. 

Some time before the second pair of eggs were laid, tiio parasites had com- 
pletely disappeared from the Indian bird, and he looked as if he had quite 

t Proceeding, A P/uyal Sneictg^ vol. Ixiii. May 181J8. 

* vol. Ixv. November 189J). 

9 Armais and Plants, vol. ii. p. 269, 
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r<-covored from his 1oti<j Journey as well as from the fever. In due time a pair 
of young were hatched from the second eggs, and as they approached maturity 
it became irforo and more evident that they would eventually present all tin* 
distinctive points of the wild-rock pigeon.^ The striking difterence between the 
first bird reared and the birds of the second nest might, however, be due not to 
the malaria parasitica but to the cliangci of habitat. 

Against this vitcw, however, is the fact that another Indian bird infec'ted to 
about the sam# extent as the mate of the half-bred red tiirbit counted for little 
when mated with a scceoiid halt-bred turbit; while two Indian birds in which 
extremely few pamsites were found at once jiroduced tdue-rock-like birds wdieii 
bred — one with a faiitail, the otlier with a tumbler. 

Another possible explanation of the diJlerence between the bird of the lirst 
and the birds of the second nest, is that th(5 germ-cells were for a time in- 
fected by the minute protozoan Jlalteridium in very much the same way as 
the germ-cells of ticks are infected by the parasite of Texas fever. But of 
tids there is no evidence, for even in the half-grown birds liatched h\' the pure- 
bred malarious Indian rocks the most careful examination failed to detect any 
pamsites in the blood. In all probability Ilaltcridiiim can onlv' be conveyed from 
one pigeon to another by (hdex or some other gnat. 

Those results with pigeons suffering from malaria seem to indicate that the 
germ-cells are liable to be influenced by fevers and other forms of disease that for 
the time being diminish the vitality of the parents. I'lirther experiments may 
show that the germ-cells are influenced in diflen*nt ways by different dis(»ases. 

Sometimes the germ-cells suffer from the direct action of their immediate 
environment, from disturbance in or around the germ-glands. If, for example, 
inflammation by the ducts or other channels reaches the germ-glands, the vitality 
of the germ-cells may ho considerably diminished ; if serious or prolonged, the 
germ-cells may bo as efl’ectively sterilised as are the bacteria of milk by boiling. 

In BKIO two mares produced foals to ii bay Arab whicli had previously suflered 
from a somewhat serious illness involving the germ-glands. These foals in no 
way suggest their sire. This year t have three foals by tlie same Arab after he 
had quite recovered: one promisCvS to he the image of lus sire, and the other two 
are decidedly Arah-like both in make and action. 

AVhile the germ-cells trre liable to suflVn* wlien the soma is the subject of 
disease, there is no evidence that they am capable of being so influenced that they 
transmit definite or particular niodificutions (unless din*ctly infected with bacteria 
or other minute organisms) ; that , c.y., the germ-cells of gouty subjects necessarily 
give rise to gouty oftspriiig. Doubtless if the germ-cells, because of their 
anfjivourable immediate surroundings, suffer in vigour or vitality, the offspring 
dtivived from them are likidy to be less vigorous, and hence more likt'ly than 
their immediate ancestors to suffer from gout and other diseases. 

tt woqld be an easy matter to give instances of the offspring varying with the 
condition or fitness of the parents; but it will suftice if, before discussing inter- 
crossing, 1 refer to the influence of change of habitat. 

Isi Chantjo. of Hahiinf a Cmt.se of Varintion? 

It has long been recognised tliat a change of surroundings may profoundly 
influence the reproductive^ S 3 \steiu, in some cases increasing the fertility', in others 
leading to comjjlett'. sterility. Exotic plants, sterile it may at first, often 
become extremely fertile, and >vhen thoroughlj’^ established give rise to new 
varieties. In the case of mares obtained from Iceland and the south of England 
sometimes a year elapses before they breed. An Arab-Kathiawar pony wliich 
arrived during April ifrom India, proved during the first thri'o months quite sferilt?, 
^'"ing, I believe, to loss of vigoui’ on the part of the geru^-cells, their vital ity 
heuigonly about qiie-tenth that of a home-bred Inickpey pony. Jlut the fertility is 
apparently greatly impaired biy oven comparatively slight changes of environment. 
Eions which breed freely in Dublin seem to be sterile in London, and I heanl 
r(*cently that when hulls are changed from one district to another in the north of 

V, * these young birds the breast and some of the wing feathers arc imperfect, 
i^anciers regard this condition of the feathers as evidence of constitutional weakness. 
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Ireland the immediat e result may be complete sterility. The tendency of some exotic 
plants to ‘sport’ after they become acclimatised is doubtless due to the fact that 
their new habitat is unusually favourable, their general vigour — so essential for 
new developments— is increased, and, x^robably because certain groups of germ 
units are constantly stimulated by the new food available, they give rise abruptly 
or gradually to new and it may bo unexpected characters. No one doubts (bat 
the bodily vigour is liable to be impaired by fevers and oth'6r diseases, by changes 
in the habitat, unsuitahle food, rapid and unseasonable changes temperature?, 
and the like ; hence it will not be surprising if further investigations prove that 
changes in the soma, beneficial as well as injurions^ are rellected in the germ-cells, 
and thus indirectly induce variation. Moreover there are excellent reasons for 
believing that the germ-cells are intiueiiccd by seasonable changes, such as moult- 
ing in birds and changing the coat in mammals. Tn the case of pigeons, c.^., the 
young bred in early summer are, other things being equal, larger and more 
vigorous, and mature more ra])idly, than birds batched in the late summer or 
autumn. Ihit howevtT sensitive the germ-cells may be to the changes of their 
immediate onviroumeiit, the soma or body in which they are lodged, there is 
no evidence whatever tliat (as llulFon asserted and Darwin tliought possible) 
delinite changes of tlie soma, due to the direct action of the environment, can be 
imprinted on the germ-cells. By tlie direct action of the environment— food, 
temperature, moisture, &c. — the body in whole or in part may be dwarfed, 
increased, or otherwise modifietl ; but such clianges only inuuence the germ-cells in 
so far as they lead to modifications in their vigour and nutrition. They may 
expedite or delay maturity, alter the length of the reproductive period, interfere 
with the nutrition of the germ-cells, or retard the development of the embryo, but 
they seem incapable of giving rise to delinite structural or functional variations in 
the offspring. 

Intercrossing and Interhrcsdlng as Cnnses of Variation. 

The belief was once common amongst naturalists that variability was wholly 
due to crossing, and at the present day naturalists and breeders alike agree that 
intercrossing is a potent cause of variability, and are unanimous in regarding 
interbreeding as an equally potent means of checking variability. The opinion is 
also general that intercrossing has a swamping infiiience ; that having brought 
forth new forms it forthwith proceeds to destroy them. Darwin, when discussing 
reversion, points out that intercrossing often speedily leads to almost complete 
reversion to a long-lost ancestor, ^.c., to the loss of recently acquired and the 
reappearance of long-lost characters.^ When, however, he comes to deal with 
variability, he states that ‘ crossing, like any other change in the conditions of 
life, seems to be an element, probably a potent one, in causing variability,’ - the 
offspring of the first generation being generally uniform, hut those subsequently 
produced displaying an almost infinite diversity of character. As to the influence 
of inbreeding, he says * close interbreeding, if not carried to an injurious extreme, 
far from causing variability, tends to fix the character of each breed.’® 

These statements may be quoted in support of the very common belief that 
intercrossing is both a potent cause of variation and of reversion ; that it produces 
new varieties one moment and swamps them the next. Whether intercrossing 
may be regarded as the immediate cause of variation or of reversion (it can hardly 
be both) depends on what is implied by variation. Obviously, variation may be 
either progressive or retrogressive, i.e,, the oflspring may difler from their parents 
in having quite new characters or in presenting ancestral characters, or in being 
characterised by traits neither new nor old, due to new combinations of characters 
already recognised as belonging to the variety or species. When intercrossing 
results in tlie restoration of old cliaracters, we liavo reversion or retrogressive 
variation ; when to new combinations of already existing characters like new coin- 
binations in a kaleidoscope, we have new variations of a non-progressive kind, 

* Animals and Plants^ vol. i. p. 22. 

* vol. ii. p. 25i, » vol. ii. p. 261. 
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almost always characterised by more or less reversion; when, however, inter- 
crossing results in the characters of one variety being engrafted on another, or to 
the appearance of characters quite new to the species, we have progressive 
variation. Judging from the results I have obtained, intercrossing of two distinct 
varieties results, as a rule, in the loss of the more striking characters of both 
parents, fe., in more less marked reversion, tlie extent of the loss generally 
depending on the difference bctwetm the forms crossed. For example, if an owl 
pigeon is crossed with a pigeon known among fanciers as an archangel, nondescript 
birds are obtained, which may at once, with a white fautail, give birds almost 
identical with a blue-rock — the common ancestor of all our breeds of pigeons. 
Intercrossing, on the other hand, rarely leads to the blending of the unaltered charac- 
ters of two or more varieties, and it never, so far as 1 have seen, results in the 
appearance of characters absolutely new to the species. In a word, the immediate 
result of intercrossing distinct varieties is, as a rule, more or less marked reversion. 
But though intercrossing usually results in retrogressive variation, it is indirectly 
an extremely potent cause of progressive variation. This is due to the fact (better 
realised by botanists than zoologists) that cross-bred olfspring (first crosses) are 
(unless the parents have been enfeebled by interbreeding) endowed with an unusual 
amount of vigour, f.c., intercrossing is of' supreme importance, not only because it 
leads to the co-uiingling of germ-plasms having different tendencies, but also and 
perhaps chiefly because of its rejuvenating influence. The importance of this 
rejuvenation is usually at once evident if intercrossing is immediately followed by 
interbreeding. The persistent interbreeding of closely related forms generally 
reduces the vigour, and, as Darwin points out, ^ far from causing variability, tends to 
lix the character of eacli breed ’ ; ^ but the intercrossing of first crosses (or of highly 
vigorous individuals closely related in either the direct or the collateral line) 
without appreciably weakening the constitution, often results in offspring display- 
ing, to use Darwin’s words, ‘ an almost infinite diversity of character.’ - The 
epidemics of variation, so often the outcome of interbreeding first or at least 
vigorous recently produced crosses, are apparently partly due to the union of 
individuals having a similar tendency checking reversion, and partly to the 
vigour acquired by recent intercrossing. This much may be inferred from the 
fact, that when interbroeding is persisted in the variability dwindles as the vigour 
ebbs. • 

Breeders agree will i Darwin that first crosses are generally uniform, and that 
the subseipient olfspring usually vary immensely ; yet neither breeders nor 
naturalists seem to have clearly realised that interbreeding at the right moment is 
\X\c direct cause of variation, while intercrossing is, except in very rare cases, at the 
most an indirect cause of variation. 

It may be hero said that il is impossihle to over-estimate the importance of 
vigour in studying variation. Without vigour, no race or breed can inaiutain its 
position; without renewed vigour it is hardly likely to develop new characters. 
The new vigour, as already explained, may be obtained by intercrossing ; but it 
Juay also be acquired, especially iii plants, by a change of surroundings accompanied 
by a plentiful su])ply c»f suitable food. 

AVith rigid selection the gradual loss of vigour may escape notice, but when 
selection is suspended, rapid deterioration (from the fancier's standpoint) is the 
niovitttble result. If, e.y., a luuuber of pigeons, good speciineus of a distinct 
breed, are isolated and left inuuolestod for a tew years, they rapidly degenerate, 
«-c., they lose their show points (be they peaks, frills, ruffs, or metallic tints) and 
reassume the more fixed ancestral characters. If, however, the less characteristic 
birds are eliminated, and high-clnss birds are from time to time introduced fi;pm 
another loft, the vigour and the distinctive traits are indefinitely preserved. 

If the age and condition of the soma and the state of ripeness of the germ- 
cells are potent factors, and especially if vigour counts for much, the difficulties of 
breeders become intelligible, and the unlikeliness of intercrossing being a direct 
cause of variation all the more evident. The ipost that can be expected from 

* ^iniaiahand Plants^ vol, ii. p. 251. " Ibid.^ vol. ii. p. 254. 



()7t 


UKroRT — 1901. 


intorci’ossingf is tlio on oar bn‘od of tlio cliuractors of another. Kvon this 

rarely hap])ens, and Is only possible when the two breeds are somewhat allied. Jt 
is impossible, e.y., to nnitt* in one individual all the ]>oiiitsof a fantail and a pouter, 
or of a fantail and a jaeobin; but jriven healthy, vigorous lards, the points ot* an 
owl ma}" be engrafted on a barb. Or to take another example, the black eg.r.s, 
feet, v'fec., of a llimalaya rabbit may be combined with the characteristic form, 
long hair, and habits of an Angora. It may he im])Ossible to predict what will 
liap])en when intercrossing is resorttnl to, but if pure-bred members of a distinct 
variety are experimented with -and it is n.seIe^s working with either plants or 
animals of nnkuowii origin - - characters not already present in one of the varieties 
need not bo looked for. 

Ihit while iiiierbrcoding at the right moment may bci a cause of progressive 
variation, at other times it loads lo what is ])erliaps best, described as degeneration. 
When, e.< 7 ., very young members of the same brood or or unhealthy, closely 

related individuals, or quite mature and apparently vigorous but for several 
generations closely related animals are interbred, the oft'spriug frequently difiei* 
from their parents. They are often delicate and highly sensitive, and unable to 
survive unless provided with highly nutritious food; and though they mature 
numerous germ-cells they rear but few offspring, and, wbat is still more striking, 
they are sometimes either white or all but devoid of pigment. Offspring thus 
chai-acterised, especially when v.Tiite or nearly white in colour, e.y., nearly white 
pheasants, partridges, and woodcock, white specimen’s of the brown hare, white 
squirrels, &c., are sometimes regarded as distinct varieties, but w'hen the departure 
from the normal colour, iV:c., is the result of close inbreeding, it is better to regard 
it as a form of degeneration. 

In the spring of 1900 I crossed a (piarter-wild grtiv doe rabbit with a idosely 
inbred black-and-white buck. The young obtained varied considerably in colour : 
to one of her olfspriiig cnlotircd lik<‘ th«* sire, the grey doe ])roduc(Hl a second litter, 
all but oiu* decidedly lighter in ('oloiir than the .-tire. T’wo «d‘ llie darker member.s 
of this liltt'r produced wdnte young, and to (>m> of them the. original grey 

d"e has recently produced a light-col»)ared litter consisting of two ])uro-white 
.specimens, two with nnly a narrow dorsal ban<l, two fawn-coloured, and one 
black. Closo iuterbnieding with goats and pigeons yields similar results, llirils 
on -inall reinulo Vacilic if^lands are souielimes marked with irregularly dis]K'.sed 
\s kite patcln-s. These pie-bald birds, liloj light -croloured ]dieasaiits, cream-coloured 
learli'idges, and dun-coloured roi>k.s, may also be Ibo victims of close inbreeding. 

Thi JijJrrU of fii.lcrcroi^iKVut/, 

The question ‘ Are new varietie.s liable to bo swain])ed by iillenu'ossing ’ i> 
perhaps tlio most impoitaiit now pressing bir an answer from biologist.s. V/hat 
would happen, for example, if specimens of all the diilerent brt.*eds of cattle were 
set free and hd't unmolested on a large aiH?a r* A\ ould they some centuries hence 
be represented by several breeds or by one? iSluny would answer this question by 
saying that unless some of them in course of time w'ere isolated by mountains, 
deserts, or other physical barTier.s, they would civeiitually through intercrossing 
give rise lo a single breed. To this question Darwin woula, T think, have given a 
somewdiat different an.swer, for, while admitting Mliat isolation is of considerable 
importance in the production of new species,’ ho was, on the whole, ‘ iiiclined to 
believe that largeness of area is of inofre importance.’ ^ Unfortunately Darwin 
nowhere indicates how lie supposed new varieties escape being swamped by inter- 
cros.siiig. Ills silence on this important point is dilllcult to explain, for during his 
lifetime the influence of intercrossing in checking progress, except in one direction, 
was often enough insisted on. Huxley tells us that in his earliest criticisms of the 
* Origin ’ ‘ he ventured to point out that its logical foundation was insecure so long 
as experiments in selective breeding had not produced varieties which were more 
or less infertile.’ ^ Later 31oritz Wagner and others pointed out the important 


Oriffin of Species, p. 104. 


* Life of Professor Huxley, p. 170. 
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part physical isolation had played in ibo origin of species ; and later still Itomanes 
endeavoured to show liow the bliglitinff intiucnce (»f free intercrossing’ might be 
overcome by* physiological selection, Jtomanes, like Huxley, believing several 
varieties might be evolved in the same area if more or less mutually infertile. 
Evidence of the importance of ])hysical isolation is plentiful enough; but neither 
has experimental nor^selective breeding proved that physiological isolation has 
been instrumental in arresting the swamping effects of intercrossing. Hence, 
according to IFuxley and others, the foundation of Darwin's doctrine of natural 
selection must still be regarded as insecure. Is intersterility the only possible 
means by which new varieties can be saved from premature extinction, from Ijeing 
destroyed belore they have a chance of proving their fitness to survive ? In other 
words, are barriers as essential among wild us among domestic animals ? It does 
not seem to have occurred tr) the biologists who so fully realised the need of isola- 
tion, that the old varieties instead of sw^amping might be swamped by the new, and 
that several varieties miglit sometimes be sufficiently exclusive to llourish and 
eventually give rise to a like number of species in the same area. If on an island 
two new varieties of sheep appeared sufficiently vigorous, or, as we say, sufficiently 
prepotent, to swamp all the other varieties — as the ill-favoured lean kine did eat 
up the fat ones — and yet so exclusive that their cross-bred offspring invariably 
belonged to the one new variety or the other, for their preservation fences and 
otlier barriers would be superfluous. 

Is there any evidence that by prepotency the swamping of new varieties is 
sometimes checked, and that by exclusive inheritance two or more varieties, though 
mutually fertile, may persist in the same area, occasionally intercrossing with each 
other, but neither giving up to nor taking from each ot her any of their distinctive 
cliara(?ters V I have in my possession a skewbald Iceland pony "that produces richly 
striped hybrids to a zebra, but skewbald offspring the image of herself in make, 
colour, and tcmporaineiit to whole-coloured bay Arab and Shetland ponies. This 
]iony instead of b*uug sw^amped invariably sw'am]>s older breeds. A number of 
prepotent skewbald ponies, wherever placed, w’ouhl (especially w’ith the help of 
prelerenLial mating) in all probability soon give rise to a distinct race such as once 
existed in the Hast. NVhut is true of tluj Equidie is equally true of oilier groups. 
Black hornh^ss (lallo^vny hulls are often so prepotent that- their ollspring with 
long-horned brightly colourt?cl Highland heifers readily pass fi>r pure-bred (lallo- 
ways. The W'olf is ])n‘poteut over the dog, as the w’ild rabbit, rat, and mouse 
are prepotent over their tame relatives. As an iiistauci* of prepoteucy in rabbits, 
i may give the results of an interbreeding experiment w ith a grey doe, the grand- 
<hiughter of a wild rabbit, and an inbred buck richly spotted like a Dalmatian 
liouucl. Of six young in the first litter three w’-ere like the sire. To one of her 
sons the grey doe next produced eight young, all richly spotted, and subsequently 
to one of her spotted grandsons she produced Uvo spotted, tw’o w^hite, and tivo gn?y 
ollspring. Similar results are obtained w'ith plants ; hybrid orchids, c.//,, some- 
times reproduce all the characters of one of the parents. 

It need hardly be insisted on that if new varieties, w'ell adapted for their 
environment, are not only sulliciently prepotent to escape being sw’amped by other 
varieties, but are also, like the spotted rabbit, able to hand on the prepotency 
almost unimpaired to a majority of their descendants, progressive development 
along a (hifinite line will be possible. But of even more importance than pre- 
potency is -what for want of a better name may be known as exclusive inheritance, 
llecontly a vigorous mature Indian blue-rock pigeou mated with an inbred and 
equally mature fantail, hatched and reared two birds, one exactly like a blue-rock, 
hut with fourteen instead of twelve tail feathers; the other characterised by all,the 
points of a high-class fantail, the tail feathers being thirty in number — two fewer 
than in the fantail parent, but eighteen more than in the’ blue-rock parent. In 
this case the blue-rock was the exclusive bird, the fantail having previously* pro- 
duced birds with only sixteen feathers in the tail when mated with an ordinary 
dovecot pigeon. A still more striking example of exclusive inheritance we have 
m the crow family. The carrion craw and the hooded crow are so unlike in 
colour that they were long regarded as two distinct species ; now they are said to 
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be two varieties of tlio same species. The carrion crow is black all oyer, but in 
the hoodt'd crow the breast and back are ffrey. These two crows cross freely (but 
for this they would probably fatiil rank as distinct species) ; but in the crossbred 
yoiiiipf tliere is never any blending — thi*y are either black or grey, usually botli 
varietit's occurring in the same nest. Similar exclusiveness occurs amongst 
mammals. When distinct varit'ties of c'ats are crossed, some, of the young usually 
resemble one breed, some the other, and the distinctions may persist for several 
generations. A white crossed with a tabby-coloured I’ersian cat pVoduced a pair 
of white and a pair of tabby -coloured young ; the two white cats when interbred 
also ])rodiiced two white and two tabby-coloured individuals. I liiid cats are far 
more exclusive than rabbits : perhaps it is partly for this reason we have so many 
species and varit'ties of wild cats, so few species and varieties of wild rabbits. 
Another very striking in.>tance of exclusiveness w'c have in the Ancon or ‘ Otter’ 
vsheep common in New’ England at the end of the eighteenth century. This breed, 
w’hich was characterised by short crooked legs and a long back like a turnspit dog, 
descended from a ram-himb born in Massachusetts in 1701. The offspring of thi^ 
* sport * were iievt'i* intermediate in their characters : they were either like the 
original Ancon ram or like the breeds, some thirteen in number, with which ht^ 
was mated. Frequently in the case of twins one was otter-like, the other an ordinary 
lamb. More remarkable still, the Ancou-Uke crosses, generation after generation, 
were as exclusive their crooked-legged ancestor. 

Another familiar example of exclusiveness w’e have in the peppered moth, a 
dark variety of w’liich in a lew years swamped the older light variety throughout 
a considerable part of Englaud, and is now extending its range on tho Continent. 
It thug appears that when a new variety is sutlicientiy prepotent, instead of being 
swamped it may actually swamp the old-established variety ; and that when two 
or more varieties are sufliciently exclusive they may flourish side by side, and 
eventually give rise to two or more distinct species. 

Prepotency may hence be said to supplement and complete the work of the 
environment. The environment seems to bo. mainly concerned in elimiiratlng the 
unfit; whether any of the survivors persist depends not so much on their siirrounJ- 
ings as on -whether they are sulliciently prepotent and (exclusive to escape being 
swamped by intercrossing. This way of accounting for progress in one or more 
directions may jjrove as inadequate as the one suggested by isolationists, but it lias 
the merit of being more easily tested by experiment. It not only gets rid of the 
swamping bugbear, but makes it iuntl<.*r of iiiditlei-enee whelJier (to quote from the 
President’s address at the last Oxford meeting of the Association) Hhe advan- 
tageously varied bridegroom at the one end of t\w wood meets the bride, who, by 
a ha])py contingency, had been advantageously varied in the same direction, and 
at the same time, at the other end of the wood.’ F iirther, as a highly prepotent 
vigorous variety can very well aUbrd to maintain a number of budding organs, it 
helps us to understand liow luminous, electric, and certain otlier structures were 
nursed up to the point when they began to count in tho struggle for existence. 

Doubtful Causes of Vuriatiou, 

Having indicated how maturity of the soma and of the germ-cells^ and how 
bodily w’^elfare and interbreeding may act as (pauses of variation, and. also how 
sw’amping of the new variations may be checked, I shall now refer to certaiw 
supposed causes of variation. 

r Maternal Impressions^ 

I may begin with the widespread belief that the oflspring are capable of boiiij 
influenced in form, colour, and temperament by maternal impressions — the belie 
we associate with tho skilful shepherd who peeled wands and stuck tliem up,bofor< 
the fulsome ewes. Muller,^ more than half a century ago, conclusively argue< 
against the belief in maternal impressions, but the belief still prevails. 1 know o 

^ Elements of Physiology^ vol. ii. p. 1405* 
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two able naturalists who subscribe to the maternal impression doctrine, and it is 
lirmly held by, many breeders and by not a few physicians. A writer in a recent 
niim^r of a quarterly,' which circulates widely amongst farmers and stock-keepers, 
boldly asserts that the existence of impressions which affect progeny (more espe- 
ciaUy in colour) is a settled fact. This writer supports his case by referring to a 
highly successful breeder of polled Angus cattle, who considered it necessary to 
surround his herd ‘ with a tight black fence in order to keep the females from 
dropping red crflves because they saw the red herds of his neighbours.’ Reference 
is also made by this writer to the belief, common in certain parts of England, that 
whittnvashed byres, regardless of the colour of the parents, produce light-coloured 
calves ; that the colour of foals is often more influenced by the stable companion of 
the dam than by her own coloui: or that of the sire ; and that even the colour of 
birds varies with the immediate surroundings, fowls, e.^., however carefully 
penned, hatching birds resembling in colour the hens they habitually see in a 
neighbouringThn. If maternal impressions tlius influence the offspring they must 
be one of the most effective causes of variation. During the last six years I have 
bred mau^ hundreds of animals, but the nearest approach to an instance of maternal 
impressions was a dark pup with a white ring half round the neck, which suggested 
the white metal collar sometimes worn by his sire. But similar rings round the 
legs and tail rather discredited the view that the white neck-ring was in any way 
related to the sire’s nickel-plated collar. Telegony was sometimes said to be due to 
maternal impressions. It was doubtless for Ibis reason that I was urged some 
years ago to carefully prevent the mares used in my experiments from seeing too 
much of the zebras. But though numerous foals have been bred from mares 
stabled with zebras or grazing with richly striped zebra hybrids, not a particle of 
fividenco have I found in support of the maternal impression doctrine. The foals 
have neither stripes nor upright manes, and do not even attempt to mock the 
weird harking call of the zebra. Sheep and cattle, goats, rabbits, and guinea-pigs, 
fowls nndj)igoons, have simply confirmed the results obtained with horses. This 
being the case, grooms may veiy well omit following the practice (considered so 
essential in Spain during the ^liddle Ages, and still often religiously observed in 
England and America) of setting ‘ before the mares . . . the most goodly beasts ’ 
l)y way of hinting to them the kind of foals they are expected to produce. 

The Needs of the Organism as a Cause of Variation, 

No recent biologists are perhaps prepared to believe like Jjamarck that the 
'wings of birds were developed by their remote ancestors making efforts to fly ; that 
by stretching its toes the otter acquired webbed feet ; nor are they prepared to 
find in our new mammal, the Ocapi, evidence in support of Lamarck’s contention 
that to meet new needs the giraffe by much stretching gradually lengthened his 
iiRck. Yet it is difficult sometimes to see any real difference between the beliefs 
of the new-fcamarcltians and the old. It is maintained, for example, ‘ that when a 
certain functional activity produces a certain change in one generation it will pro- 
duce it more easily the next,’ that, e.y., flounders and their allies by constant eflbrts 
generation after generation have dragged the lef't eye to the riglit side, while by 
similar efforts inHhe turbot and certain other flat fishes the right eye has beeu 
shifted to the left side. It is not alleged by Neo-Lamarckians that globe fishes 
resulted from round fishes blowing themselves out, or that flounders resulted from 
round fishes generation after generation making efforts to flatten themselves. If 
py germinal variation and selection flounders w’^ere evolved out of round fishes, 
IS It not straining at a gnat and s'wallowdng a camel to refuse to admit that by 
the same fetors the left eye of^the flounder has been transferred from the loft to 
the right side of the head ? In the flat fishes it is not difficult to imagine how by 
Variation and selection the eVes originally acquired the power of responding to 
certain e'xternal stimuli. 

* JSibby 3 Quarterly i Autumn Number, 190O» p. 163. 
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Th'. Direct Acliou of the Dnvlronmeul lutd Inheritance an Causes 

of Variation. 

Of tlio (loctriuo of the* traiisiiiiasioii of acqiiiml cliaraclera, still so often. tliu 
fiubject of discussion, I need say little more than that 1 l^avo failed to discover 
any evidence in its favour. Writing in 1S7U, Darwin says, ‘ In my opinion the 
greatest error which 1 have committed has been not allowing sutlK;ient weight to 
the direct action of the environment, i.e., food, climate, .cc., independently of 
natural selection.’^ Darwin not only in his lateV years reverted to the teaching 
«)f Dullbn, hut, in as far as he continued to believe in tlu) inherited effects of use 
and disuse,’ be adopted the views of Erasmus Darwin and Ijamarck. AVIiilo 
admitting that the direct action of the environment oh the soma and use- 
inheritance are indirect it may be potent — causes of variation, I do not belicvo 
there is any trustworthy evidence in support of the view that definite somatic 
variaiioiis are ever transiuitled. 

Teh tjowj as a Cause of Variation. 

The belief in telegony is less deserving of consideration than the doctrine of 
the transmission of acquired characters. Ntivertheless 1 perhaps ought to ri'fer 
to it at greater length, not so much l>ecause of its scientific importance, but 
because it interests all sorts and (conditions of men in many ditferciit parts of the 
world. Telegony (‘ infection id’ the germ ’ of older writers) means that not only 
the immediate parents but also the previous mates (if any) contribute to the 
characters of the otlspring ; that, c.//., a mare which had produced foals to, say, 
• Ladas ^ and ^ IVrsimiiion ’ miglil thereafter give birtli to a foal by ^ Flyiiig Fox,’ 
t>» which Mjadas ’ and ‘ Persimmon,’ as well as the actual sire, contributed some 
of their characteristics. !Manv even think a sire may transmit definite^ structural 
charact(*rs from one mate to another. If there is such a thing as telegony, if it 
possible to blend, without the risks of intercrossing, the characteristics of several 
individuals or varieties, progressives devedopnnoit woidd be greatly accelerated. 
Thoiigb the doctrine of ^ infection ’ has probably long formed part of the breeder’s 
t reed, it received but little attention from men of seitoice until in 1820 Lord 
>I<»iton couiinuuicatcd a case of infeertion to the Uoyal Society, which in duo time 
waspiildished in the ‘ l*liiloso]>liical Transactions.’ Jn this the most credible and best 
authenticated of all the cast\s of teh^gony on record a chestnut mare, after rearing a 
qiiagga hybrid, produced to a black Arabian horse three foals of a peculiar bay 
colour, one of them (a lilly) showing more stripes than the qnagga hybrid, and, 
according to the stud groom in charge? of Mho colts,’ characterised by a nnine 
^ which from the first was short, still’, and upright.’- Darwin, after fully 
considering Lord iMorton’s case, came to the conclusion that the chestnut mare 
had been infected, and this case along with others led him to believe that the 
first male intiuenced ‘ the progeny subsequently borne by the mother to other 
males.’ * It the upright zebra-like mane in one of the ])ure-bred colts and the 
markings on all three wei'e the result (if the chestnut mare having been lirst 
^^. ^nated with a qiiagga, there is undoubtedly such a thing as telegony, and the 
^^presumption is that other mares lirst mated witii a quagga or zebra and then with 
a black Arabian would give birth to striped offspring with a stiff* if not quite 
upright mane. The evidence that from the lirst the mane of the lilly was short, 
htilF, and upright is most unsatisfactory. It consists of an allegation by a stud 
g;room. That the mane was upright, as in the quagga and zebra, is a prion 
improbable, (1) because the mane of the quagga hybrid instead of being short and 
still' was long and lank enough to arch to one side of the neck ; (^2) because tbo 
mane of zebra hybrids throughout the greater part of the year is so long that 
it falls to one or it may be both sides of the neck ; and (3) because in the Equidse 

* Life and Lcitera : Letter to Moritz 'Wagner. 

* Thil. Trans.. 1820, p. 21. 

* Animals and Phrits, vol. ii. pp. 435, 436, 
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an uprij?ht mane is always accompanied by a tail deficient of hairs at the root — 
In the tilly the tail is as perfect us that of her Aral) sire. We have still stronjrer 
rvidenco that .the alleviation of the groom was iiiifouiulcd from drawings fof the 
cliestniit mare, her three ‘colts,* the black Arab, the qnagga, and the quagga 
liybrid) by Agasse, a very reliable animal painter of the early part of last 
ctjufnry. In the drawing of tlie filly the mane is repr(v«ented as lying to om; side, 
as ill Arabs and other ^ell- bred horses. The pictures (now in the Aliiseurn of the 
Royal College ^of Surgeons, London) wen- mad(j because the subsequent foals 
were believed to prove tin; truth of tlin ‘ iulecth)n ’ doctrine. Had the mane of 
the filly been erect it would hardly Jiave c-scaped tlie keen eyj-s of the artist. 
Jhit had Agasse by any chance missed this all-im])ortant di-tail, J^ord Morton or 
some of those interested would doubtless have culled his attention to the matter. 
If* the mane of an Aruh is c.ompletely removed early in the spring it is stiff, and 
upright in the. autumn, but hanging to one side close to the neck in the following 
summer. When the whole circumstances are taken into consideration, there 
seems to me no escape from the conclusion that the mane of the filly was upright 
when seen by Lord Alorfon in August 1820, and lying to one side when painted 
by Agasse the following summer, because it had been regularly cropped or at least 
hogged some months before Lord Morton’s visit. Ihit whatever be the explanation 
of the want of agreement between the mane as seen by Lord Morton and as 
depicted by Agasse, it will, I think, be admitted that the evidence afforded by the 
mane of the filly is hardly sufficient to establish the truth of the doctrine of 
telegony. Of still less value is the evidence afforded by the make, coat-colour, 
and markings which were apparently too indistinct to deserve the name of stripes. 
Tlio colts were decidedly Arab-like, of a bay colour marked more or less ‘ in a 
darker tint.* Judging from Agasso’s drawings they closely resemble Arab-Indian 
cross(*s ; thtw are, in fact, in make very like the Arab-Kathiawar horse already 
referred (o. I have seen a bay Highland cob with as many stripes as Lord 
31orton’s colts, and pure-bred Arabs of a dun coloiir with stript's on the neck and 
far more distinct leg bars than those depicted by Agassi*. 1 believe tht^ colts 
owed their stripes and colour, not to ‘ infection * of their tlam by her previous mate 
the quagga, but to reversion. It is quite possible the black Arabisiu horse was of 
mixed origin ; that the chestnut mare was crossbred is admitted. As in the west 
of Ireland the offspring ojt’ black and chestnut ])onies are sometimes of a 
decidedly dun colour, it is not siirjirising that the black Arab and the half-bred 
fhestmit had bay offspring. Neither are the stripes surprising. 1 recently ascer- 
tained that the chestnut mare was ])resented to Lord Morton (while serving witli 
his regiment in India) by one of his oflicers — 3Ir. J Jos well of .Deeside, Aberdeen- 
shire — and that she was most likely a cross between an Arab and a country-bred 
pony, ill Kathiawar the ponies when pure-bred are of a rufous grey colour and 
more or less richly strijied. If in the chestnut, mare there was any Katliiawar or 
even any native i)ony blood its offspring to a black sire might have been expected 
to boot* a dun colour and striped. In a word, there is no reason for assuming 
that the foals would have been h'ss striped if the chestnut mare had been mated 
■'vith the black Arab lirst and the quagga aJ'terwards. 

ily way of testing the truth of the ‘infection’ doctrine I started, in ISOo, a 
mimber of oxperimeiite, aud especially arranged to repeat as accurately as possible, 
what is commonly called Ijord Morton’s experiment. Since tlimi twelve mares, af(m|fe: 
producing" sixteen zebra hybrids, a mule, aud a hinny, have had an opportunity (it 
supporting the telegony hyp<Dthesis by giving birth to twenty-two pure-bred foals. 

^i^iring the same period Baron de Parana of Brazil has bred at least six zebra 
hybrids, and some of the dams of these hybrids subsequently produced ordinary 
toaks. Further, Baron de Parana has for a number of years been engaged in 
crossing cattle and in watching the results obtained in several mule-breeding 
establishments, where from 400 to 1,000 brood mares are kept. As in these 
establishments the mares breed mules and horses alternately — two or three Aules 
and then a horse foal — there has been carried on for some years, under the observa- 
tion ot Baron de Parana, a telegony experiment on a gigantic scale. 

A he single hybrid bred by Lord Morton had extremely few stripes, and only 
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in a remote way suggested a member of tlio zebra family. All my bybrlds, like 
those bred in Brazil, have more stripes than their zebra sire, and in some of them 
the bands are nearly as conspicuous as in some* of the zebras, thus proving; that 
both the mares (which varied in cohmr and breed) and the two zebra stallions 
used were well ada]>ted for the experiment. The results of my experiments, not 
only with tlie Equidje hut also with other domestic quadrupeds and birds, all point 
to the couclusioii that there is no such thing as telegony, anti the same conclusion 
has been independently arrived at by ]>aron do Parana in Brazik Believers in 
tt'legony — they are numerouQ in America, India, and Australasia, us well as iu 
England— almost always say of the many exix'rinients recently made with a view 
to giving ‘infection’ a chance of showing itself, that tliey have only yielded 
negative results, and they generally add, it is impossible to prove a negative. After 
carefully considering all the more striking so-called cases of ‘infection,' I have no 
hesitation in saying that there is no satisfactory evidence that there has ever been, 
either in the human family or amongst domestic animals, a single instance of 
‘ infection.’ 

I have in a hurried and imiicrfect manner indicated that we are not likely to 
tind either in maternal impressions, the direct action of the environment, use- 
inheritance, or telegoiiy a true cause of variation. I liave endeavoured to point 
out that, instead of simply stating that variation is due to the constant recurrence 
of slight inequalities of nutrition of the germ-cells, wo may with some confidence 
assert that differences iu the age, vigour, and health of the parents and differences 
in the ripeness of the germ-cells are potent causes of variation. 

I have also endeavoured to prove that intercrossing, though a direct cause of 
retrogressive variation, is only an indirect cause of progressive variation, while 
interbreeding (in-and-in-hrt'<iding) at the right moment is a cause of progressive 
variation. 

Further, I have discussed at some length the swamping effects of inter- 
crossing, chiefly witli the (»l)j»'ct of showing (1) that progress in a single direction 
is probably often due to new varieties swamping old, it may be long-estaldisbod, 
varieties ; and (:?) that several varieties may btt sullicientlv exclusive to flourish 
side by side in the same area, and eveutually (partly owing to tlieir aloofness, 
to differential mating) give rise to several new species. 

I have only now to add tliat I was mainly' led to select ‘The Experimental 
iStudy of A'ariation ’ as the subject of my address that I might indirectly indicate 
that the time had come when a well equipped institute should be provided for 
biological and other experiments. 


The following I’apcrs and Eeports Avere read; — 

1. The Ppfvic Cavil y of the Pitvpoue (Phoainia commujiis) as a guide to the 
deferniinatlon of a Saernl Region in Cetacea. Ihj David Hepbukx, 
M.D.j F.li.S.E.y LrA'tvrer on Rrglonnl Anafomy^ and David Wateu- 
8TOX, F.R.S.E., Remonslrator of Anatomy, University oj 

Edinburgh. 

Among Cetacea the absence of hind limbs renders it difficult to determine from 
external examination where tlie trunk of the body ends and the tail begins, but 
n])on the skeleton the presence of chevrons enables us to differentiate the caudal 
from the so-called lumbar vertebne. No means of subdividing the lumbar verte- 
lirm into lumbar and sacral sets having hitherto been suggested, the authors are ot 
opinion that a key to such subdivision may be found in a study of the vertebral 
relations of the pelvic cavity. They have determined the existence of a true pelvic 
cavity in the common porpoise. This cavity corresponds to five prfe-candal verte- 
brae, and its anterior end is opposite the 2i)th vertebra behind the skull. The 
authors have examined the vertebral columns of a number of four-footed mammals 
.and find that the first segment of the fused sacrum varies in position from the 
27th to the 31 St vertebra behind the skull. .Among Cetacea they find that 
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while allowing five nvce- caudal vertebrae for a sacral series, there is much 
variability regarding tlie position of the first sacral segment. Tims, among cer- 
tain Mystacoceti, it would occur from the 127fh to tlio olst vertebra behind 
the ahull, but in JIalsenoptera sibbaldii at the 3ord or 34th. Among toothed 
whstles O^enticeti) the variability is much greater, especially among Delphinidie, 
not only in difterent qpecies, hut even in difterent specimens of the same specie.s 
find in Sitlerent sexes, for the first sacral vertebra may bo situated from the i37tli 
to the 43rd vertebra behind the skull. 

Notwithstanding these differences, the position of the pelvic organs indicates 
that they are due rather to variation in the number of dorsal and true lumbar 
vei*tehra3 than to incri‘ase in the length of tlie sacral region. Therefore, from tlie 
position of the pelvic organs and the pre.senco of a peritoneal cavity (pelvic) in 
Oetacea, and also the common occurrence of five vertebne in the sacrum of quadru- 
pednl mammals, the authors believe that among Cetacea five prse-caudal vertehrm 
might fairly be classified as sacral, or, conversely, that the sacral series of vertebrm 
might he. reckoned from the inlet of tlie peritoneal pelvic cavity to the first of the 
chevron-hearing or caudal vertebra). 

2. The Rplaflonshipst of the Premrty'llfa in Penr.<i. 

Puj Richard J. Anderson, Professor of Natural Jf istorij, Gahray, 

The premaxilla presents many features of interest because of its relations to 
other bones in the same animal, and to the same hone in other animals, also because 
of tlu^ peculiar position which was assigned to it in the vert(‘hrate tlieorv of the 
skull. 

Tills hone in the hi'ars articulates with tlie frontal, and tliflers in this respect 
from the jiosition of the Ijone in other carnivora. The following summary repre- 
sents tlie facts in the species examined: — 

JJrms pyrenmis . — The distance from the alveolar margin of the prcmaxilla 
to tlie nasal in the niiddhi line is inches. Tlie iiaso-preinaxillary suture is 

3 iiiclics in longfh, TIu^ preinaxilla 1 inch wide below by 3^ indies in length. 
Tli(‘ nasal is 3 inches and die maxilla 3J inches. The maxilla is thus shut out 
from the nasals. 

Vrsm lahiatiis , — The length of the skull here is 1 foot and the premaxilla 

4 inche.s. The preinaxilla is nearly incli across at the lower end of the 
iwisals. The iiieusuremeiit from the incisor alveolar margin to the lower border 
of the nasals is 24 inclu's. The iinst>i)rt*maxillary articulation is 2 inches in 
length. 

Umis arctos^ — The length of the skull is 1 foot 2 indies; nasals, 34 indies 
by J inch broad ; preinaxilla, 4 j inches long by inch broad. This may 

be compared with the last. Tlii» distance of the alveolar margin from the 
lower border of the nasals is 2J indies. It is IfJ inch from the iia^al eilge to 
( the point of articulation with the frontal. The naso-preniaxillavy suture is 

inches. Brown bear has a naso-raaxillary suture (Owen). 

The preinaxilla of the Himalayan bear reaches further up and hack tliaii in 
Ursiis arctos and U. labiatiis. Alveolar margin to na.^al is 2:] indies; naso- 
premaxillary suture, I--} inch ; premaxillary maxillary suture, 3iJ indu's. 

Heliarctos 1ms a skull 1 foot in hmgth. Tlie nasal is 3 inches and prmiiaxillary 
4 inches long. Tlie alveolar margin is 2^ inches distant from the nasals. The 
naso-premaxillary suture 1 J inch. 

Vvms maritivius has nasals 4 inches long and premaxillto 5 inchesi. The 
nasals appear to reach higher than usual. The distanci' of tlie lower border of 
nasals from the alveolus is 3j inches; the imso-premaxillary margin is IJ inch. 

. J'he fen bear, an ancient variety of Ursus arctos, which is sometimes tbund 
in Irish bogs, 1ms a premaxillary maxillary suture 34 inclios long, and iiaso- 
premaxillary 1 J inch (a little li*ss than in U. maritimiis) ; the alveolar margin 
to nasal, inches. This and other specimens were kiiidlv placed at my disposal 
in the Kildare Street Museum, Dublin, 
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It is thus obsorvablt' tliat, whilst in somp specimens {e.ff., the Himalayan and 
white bear) the nasals appear to be proportionally longer (reach higher up), there 
appears to be tolerable unitbrmity. 

Comparwy Khidred Gemra . — Ilerpestes has an arrangement similnp to^tbe 
bears. The specimens exainint'd belonged 1 o 1 1n* ( -ollege of Surgeons’ Museum. 
The inai'ten has preniaxilla) that nearly touch tht‘ fronlals. In Genetta tigrina 
these boiu's a])|)roach, and in the s])ecinien examined the premaiiilla of the left, 
side toui'hes the frontal. T’he premaxilhn in Pntcyon lotor reach almost to tla* 
frontal, ^trllicora copevfiia has a naso-maxillary**sutnre three-eighths of an inch 

The Canida? approach th*» Ursidm in only some of their species in the character 
of the connections of the ]avniaxilhi, (^aiiis aiirens has a naso-maxillary suture 
one-eighth of an iueh long, or less. The fi])s of tin* fronlals and premaxilhe 
approach in the fox, whilst in a St. Bernard d(>g .*i iiielies may he interposed 
between the maxillaries and fronlals. Hence wi‘ see that in the Canidae there is 
less uniformity thau in the I"rsuh"e. 

The common otter (Lutra vulgaris) and the sea otter do not show any articu- 
lated frontals and preniaxilL'c. The grey seal, common seal, and wjilnis show 
no resemblance to the bears. 

The whales, Mesoplodon, Oren, and the dolphins, on the other hand, have 
greatly elongated premaxilhe with greatly reduced nasals, whilst in the Sirenia 
enormous development of the form(*r corresponds with abortion of the latter. 

The great development of the preniaxilla) in rodents and elephants, as in the 
dugong, seems to be associated with the large incisor teeth, but the hyrax is more 
like the Maempus in this regard. The premaxilhe in lemurs, monkeys, and ant- 
eaters are short and attached by tludr upp(‘r ends to the nasals; they are not much 
concerned in the elongation of the skull in the latter group. The skull of Myrmo- 
cophaga jubata, 14 inches long, has na.<als 7 inches, but ]>romaxiihe very short 
and set perpendicularly to the nasals, the external inferior angle of which they 
toiirdi. The ap])arent separation of a ])ortion of the frontal part of the premaxilla 
appears to be the result of a worniian ossilical ion such as is seen in the gorilla. 
The ‘accessory premaxilla* found in relation with the premaxilla in monotremes 
.<ieeins to have no representative in mammals (Van B«immelen).* It s».*eras, there- 
fore, that — 

(1) The Ursidjc have the ])remaxilla usually articnlating with the frontal. 
Tin* suture may occupy a liigher level in some forms. 

(•J) Tliat in the Proeyoii, marten, and Oemdta the bones nearly touch. 

(i3) Some Canidie resemble the bears in having the inaxilhe almost separated 
from the nasals. 

(4) That the otters and common seals difler from the hears in this regard, as 
also does the walrus. 


3. ppport on the Miffrntion of J»irdn in (rrmf Britain and Ireland. 
iSne Koports, p. 3()4, 


4. Beport on the Orcnpailon of a Table at the Zoolofjiral Station, Naples^* 

See lloports, p. 

5. Report on the Orcnpailon of a Table at the Marine Biological 
Laboratory, riymonth.— »Sne Reports, p. 37G. 


G. Report on the ‘ Index AnimalinniJ — 8oo Reports, p. 362, 
* Meckel, Ovvcii, Turner, De Blainvilic, See, 
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7. Ef*port on thn Vlankton and Phyairal Condi/, inm of the FiuiUsh 
Chunnel , — Sen lioportfi, p. 


S, Eleventh Jiepovt on the Zoology of the Flandnrlch Ishindfi, 
^ Sc‘o Reports, p. Onti, 


0. Peport on the Coral Heefti of the Indian Beglon, — Soo Roportr., p, 3G3, 


FRIDAY, SEPrUMDER 13. 

Tlio following Papers were read ; — 

]. The Coral Inlands of the MahlivesA Jhj J. Stanlfa” Gardiner, 

The IMaldive Archipelajyo to the south-west of Coy Ion is made up of a large 
series of comparatively shallow batiks separated from one another by channels of 
about 170 fathoms in "depth. They extend north and south as a chain, double in 
the centre, for 550 miles. All are covered with coral reefs arising to tlie surface. 
Some banks have on their circumferences the single ring-shaped reels of perfect 
atolls, while others are studded 'with numbers of small isolated reefs many of 
which are of circular form with shallow lagoons. The two classes of bank merge 
into each other, and tlio changes taking place at the jiresont day ai’e such that 
the atolls may naturally be supposed to have arisen by the fusion of (ho smaller 
reefs. 

All land in th(» ^faldive group owes its origin directly or indirectly to 
elevation and in most atolls is very markedly washing away. Everything points 
to a state of rest at the present day. The atoll reefs are perfecting themselves on 
all sides, and their passages are closing up. The reefs, however, are not 
broadening, but to a certj^n point narrow^ as they become more perfect. TIk^ 
central basins of atollona are everywhere coming into free communication with 
the lagoons of the atolls. There is no trace whatever of the lilling in of the 
lagoons ; indeed, such evidence as was found pointed on the contrary to their 
further widening and deepening, and to the gradual destruction of the shoals and 
lands within their encircl'n g reefs. 'Phe Maldive group certainly marks the 
existence of an ancient land area, but the changes going on are not cousistoTit 
with the view that the reefs were built up on the subsidence of tlui land. The 
various reefs appear rather to have grown u]r separately on slight elevations of a 
common plateau at a depth of about 150 fathoms, wliile the plateau itself seems 
to have been formed by the 'washing away of the original land by wa\e and 
current actions. 


2. 0??. a Method for Recording Locaf. Eannas, 

By Edward .1. Rlkh, 'B,A.^ B,Si\ 

It is evident that faiinological W’ork is the basis upon which zoological 
investigations of all kinds are founded. The important questions connected 
with the study of cnvirouiiK'ut — since Ihi' biological no less than the physical 
environments of any particular organism must Iwi taken into account — di‘p*-**d for 
their solution on an accurate and comj)lete knowh'dge of the associated fauna and 
llora. There are unlimited opportunities for work on this fascinating subject at 

' For a full account of these islands see Ttte Eaunn ami neoff raph\i of the Mal» 
dlren and LaPoadiveHy Camb. Univ. I’ress, vol. i., part 1 (October 15, liJOi) and part 
2 (in the press). 
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our own doors, and for this reason alone, thougli there are many others equally 
weighty, the compilation of our own local faunas is most desirable. 

The scheme proposed ^ consists in the formation by natural history societies 
of card or slip catalogues of species on a similar plan to the library catalogues 
first devised in the United States, To facilitate reference each card would he 
tilled in on a uniform plan with the name of genus and species say at the top 
left-hand corner, and columns or spaces for locnlitv, date, of capture, recorder, 
means used to identify the specimens, remarks, in fact any data considered desir- 
able. The number of cards or slips assigned to each species need ‘hot be limited, 
but would depend on the number of localities and other details thought necessary 
to be recorded. The slips might vary in colour to indicate which entries are taken 
from literature and which art> due to personal observation, to denote extinct speci(‘8 
or those of economic importance, or to make nnv useful distinction. The slips "would 
be arranged on files on a definite system and with the use of the well-known 
devices for dividing into groups. 

An extremely desirable foatiire of the scheme "would be that each slip should 
he represented and the species authenticated by a specimen in the local natural 
history museum. The slip could easily bear a reference to the particular specimen 
in the collection, and as the catalogue became filled up it might bo placed in 
some local public institution where it could at any lime be utilised l)y natu- 
ralists. 

In this manner all the information collected by the members of local societies 
could bo brought together, from "whatever source obtained ; and there is no reason 
-why the fauna of a given district should not in course of time be completed in the 
same sense as the British flora of flowering plants has been completed. 

The district need not necessarily supply the specialists for all the groups of 
animals. Specialists at a distance "v\^oiild in many cases be pleased to work out 
collections carefully furnished with localities, &c., and thus supply the data for 
filling up slips. 

This scheme not only allows of the widest co-operation by bringing to a focus 
both the residts of systematic work and tliat of a more desultory nature, but also 
favours the co-ordination of faunistic obseiwation, since overlapping of work 
would at once become apparent, and the gaps caused by neglect of certain groups 
of animals would declare themselves, and thus attentjon and interest in filling up 
the deficiencies would be invited. 

Another advantage is the fact that the scheme can bo started ut any time by 
filling up any number of slips, liowever small, and that tlien all additions whether 
made singly or in quantity will at once find their proper places and by accumula- 
tion eventually bring the "list nearer and nearer to completion. 

The present time is ripe for the commencement of this work. There seems to bo 
no reason why it should ne deferred, and a strong argument in favour of the asser- 
tion is given by so liighly competent a body of naturalists, tlie German zoplo^sts, 
having committed themselves, and no doubt wisely, to that great undertalring 
‘ Das Tierreich.* 

It is, I think, desirable to consider whether some body of English naturalists 
with the necessary authority, say the Committee of tlie Conference of Delegates to 
the British Association, should not sec to it that the local Natural History Societies 
of the United Kingdom adopt some such plan of record upon one an^ the same 
system. Such a body of naturalists could draw up the most generally convenient 
and useful form of slip and impress upon the Societies the value of cataloguing by 
its use in a uniform manner the fauna of the -whole country. Having the method 
provided would perhaps encourage some societies to take up the w'ork. 

iPolitical divisions and areas surrounding large towms are not often of zoological 
value, ^he results obtained by this larger scheme would eventually have to be 
rearranged according to the natural features of the country. By making the slips 
all usiform the final rearrangement would be enormously facilitated, if not 
reduced to the minimum of labour. 

* First suggested by myself to the Cambridge Entomological and Natural History 
Society in a paper read on April 26, 1901. 
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In concluding, I mufet acknowledge the assistance I have obtained by dis- 
cussing the local scheme with the members of the executive committee of the 
Cambridge Entomological and Natural History Society, which intends commencing 
a fauna of Cambridgeshire on the lines suggested. 

• 

3. Some Notes on ffie Behaviour of young Gulls a.rtlficia1ly and naturally 
• . hatched , — See Reports, p. 37tS. 


4. The Theory of^ Germinal Selection' in delation to the Facta 
of Inheritance,^ By Professor J. Arthur Tiiomsox, M.A, 

The aim of this communication was to test Weismann s theory of germinal 
selection by using it as an interpretation of some important facts of inheritance. 
The author gave a brief abstract of the theory. It is an extension in the applica- 
bility of the general idea of natural selection. To ‘ siiperorganic ’ selection, 
ordinary * individual * or ‘ personal ’ selection, Roux’s ‘ liistonal ' or intra- 
organisinal selection, AVeismaiin has added thf> idea of a struggle among the 
detprminants within the germ — germinal selection. 

The author indicated the importance of a form of struggle between Roux’s 
liistonal scdection and Weismann a germinal selection, namely, the struggle between 
gametes or potential gametes, e.g.y between young ova, between sperms, even 
between ova and sperms. A vivid realisation of this visible struggle, and the 
sometimes discriminate selection which it implies, may lead naturally to an 
appreciation of germinal selection which deals with the wholly invisible. 

The following extension of Weismann’s idea of germinal selection was pro- 
posed as logical and necessary Just as there are three types of individual 
struggle, (1) between kindred organisms, (2) between organisms not akin, and 
(3) 1)0 tween organisms and the so-called inanimate environment ; so there may bo 
(1) struggle between determinants of the same character, (2) struggle between 
diiferent kinds of determinants (Weismann), and (3) struggle between all or any 
of the determinants and the somatic or more external environment. 

After stating the advantages of Weismann’s theory and possible objections, 
the author proceeded to test it in relation to various facts of inheritance: — 
(1) The frequently anomalous and unpredictable nature of the results of a pairing 
even when the pedigrees are well known; (2) the phenomena of preponderant 
and exclusive inheritance ; (3) some of the results of the ‘ Penycuik experiments ’ 
on the importance of the relative ripeness of the gametes ; (4) some well- 
established cases of true reversion ; (o) the supposed greater stability aud domi- 
nance of the phylogenetically older characters ; (0) inbreeding ; (7) different 
modes of variation, including l)e Vries’ mutation ; and (8) the indirect effect which 
exogenous changes may have on the germ plasm. 

^ The author’s conclusion was that Weismann’s theory of ^germinal selection’ 
justifies itself provisionally as a formula uuitying a large number of otherwise 
tinrelated facts of inheritance. 


5. The' Ileterotypical Division in the Maturation Phases of the Ses'uat 
Cells, By Thomas H. Bryce, J/.A., M,D, 

Of the features of Ileterotypical Mitosis the one generally selected as distinc- 
tive is the ring form of the chromosomes, each ring being considered to ari^e fuom 
the incomplete separation of the two products of the longitudinal cleavage of a 
primary chromatin rod. The manner in which these ring chromosomes are 
resol vd has been variously interpreted. For the purposes of this note it •will 
fiuihce that three interpretations be summarised, thus : — 


1902), 


The paper will be included in the author’s work on Heredity (John Murray, 
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1st. The rinpfs ai-e drawn out on the spindle, and break into V'Skaped daughter 
cliromosomos. 

In the anaphase in some cases each daughter V is found again divided into 
two V s, and the secondary cleavage is held 1o bo longitudinal. In other cases 
the V’s break at their apices into doiihlo rods by a cleavage held to be transverse. 
No solution of this contradiction is found along this line. * 

tind. 'file rings are doubled up on themselves and liVe resolved by being 
reopened along the plane of the bend. There is a second longittxdiiial cleavage 
.^een, but it is only apparent. Variation iii the form of the chromosomes is 
explained bv variation in the degree of the cleavage, by variation in the insertion 
of the traction fibres, and by diflerent degrees of bending of the rings (Farmer and 
-Moore). 

iird. Inhere is a real second longitudinal cleavage which appears in the 
inetapliasi*, and is completed in the antiphase of the first Mitosis. Thus daughter 
and granddaughter clironiosonn's are formed in the course of the first Mitosis, the 
second -Mitosis merely distributing the granddaughter chi'oniosoui(‘S (Gregoire, 
Strasburger, 11)00). 

This view of the hetorotypo serves in Strasbnrger’s latest work to explain all 
the phenomtMia in plants — ditlerences arising only from the manner in which the 
double rod propliast* tigures are iilaccd on the spindle. In the animal scries only 
(Vriioy tind lit* Jlriin and Janssens adopt the idea of the simultaneous doublo 
longitudinal cleavage in Triton. 

When true tetrads occur the first Mitosis is not strictly hoterotypical in 
character. In recent studies of the phases in Echinus I have found typical 
tetradal bodies, never rings, yet the first ^fitosis is heterotypical in character, and 
my results show that ])art at h'ast of the problem of reduction lies not, ns has been 
ludd, in the determination of the oritjin, but rathtn* in the fate of the tetrads. 

Thus in Echinus <‘.«iculentus there anx sixteen tetrads, each consisting of a pair of 
slightly curved bilohed rods lying back to back. The tetrads come to lie radially 
on the first polar spindle. lOach is opened out lik«^ a hinge from witbin outwards, 
while at th«.‘ same time a second longitudinal cleavage is taking place from without 
inwards. Jjozenge-shaped fignre.s are produced : these elongate greatly and 
ultimately break at tlie equator into two which again in the anaphase break 
at their apex to form two short bilobed rods lyibg back to back. This apical 
splitting is the com])h*tion of the second longit udinal splitting. These bilobed 
rods pass nncliniiged into the second Mitosis, arrange themselves radially on th»J 
spindle, are opened out and separated from one another ns the granddaughter 
chroinosonu's, formed in the anaphase of the 1st Mitosis by the second longitudinal 
cleavage. In the second polar body each remains as a short bilobed rod, but in 
file ovum each greatly elongates into a sharply bent V. This change in the size 
of tJie chromosomes is inii)ortanfi as indicating the relaxation from the very enn- 
(lenstd condition of the chromatin rods characteristic of the divisions with the 
reduced luuuber of chromo.soine.s. 

Applying the hypothesis of ‘ rseudo-reduction ’ (IJiicker and Iluckert) to the 
facts observed each half of the tetrad might bo considered to represent two 
chromi)somes united end to end by the omission of the last segmentation of the 
(iliromatin tlirr*a(l. Through all the phases the fate of each lobe or sphere of the 
tetradal body can be traced. The facts can he expressed in the usual formula, 
thus, for each of the sixteen tetrads: — 
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Tims reduction would bo only apparent tliroiighoiit. 

I have been unable to determine whether the tetrads arise by the omission of 
tlie last stage of the segmentation of the cliromatin thread or by conjugation, but 
as each element is twice longitudinally divided in the heterotypical division, the 
rhroiuatin is equally distributed between the ovum and the polar bodies, and there 
is no question of a reducing division or of unequal distribution of ‘ qualities.’ 

Whether the idea of ‘ pseudo-reduction ’ as represented above be accepted 
or not, the ess(‘ntial feature is a reduction in bulk merely. The chromatin sub- 
stance is, in Echinus escuhuitiis, packed in th(^ maturation phases into sixteen 
instead «)f thirty-two cliromosomes. Tnvi(‘Wof the fact — wlietlier the hypothesis 
of the ‘Individuality of tlu^ (‘hromosomes ’ ht* accepted or not — that the mmc 
number of chromosomes always emerge from a dividing nucleus as entered it, 
this reduction in bulk of tin* cliromatin may very well be a >ieco7}iiary character 
acquired to maintain tin* number of chromosomes constant after the union of tin* 
nuclei in f Ttilisiition, 


6. 2'hf^ Flshf s of the CoaU A rctic Kxpcdiilon, Ihf W. S. Biutck, 

J/criof licHoavch FcUotr of Edlnhnr(jh Un'ircmitij. 

The author gave an account of the fishes collected by the Coats Arctic Expe- 
dition in 1808, with which he sailed as zoologist. 3Ir, Andn*w Coats, of Paisley, 
rc'solvcd to undertake a vovjigi' to tin* Arctic regions in 1808 in his yacht ‘Illen- 
cathra,’ now ‘ Pandora.’ Tlie ‘ Blencathra ’ had ]»reviously been used for Arctic 
ex])loration by Sir Alhm Young and Mr. Popham. On board there was the 
essimtial apparatus of an ex])e(Ution, lilted out for oceanograiihical research, viz., 
Lucas sounding machine, tlierinouu^UTs, water-hot ties, trawls, traps, and tow- 
nets. On the rot uni of the expedition Mr. (’oats contrilmted a considtu’able sum, 
which enabled the author to sort nud classity the colh*ctiou preparatory to a 
detailed examination, which lu* has siiu*<* ]>eou making by tJio hedp of tin* 
(Jeorge Ileriot Jtesearcli Eellowship, Edinburgli rniversity. So far tlie careful 
examimition of tlie fishes constitutes tlie greater ])art of the work. There are 
hilly 400 fishes in the collection, alioiit sixty of which arc* adult specimens 
belonging to ehwen specie’s. The author gave an account of these species, which 
he has examined in great detail. The collection is the first of any importance 
iii tlie Barents Sea, and is iisefid in bridging oven* the gaps in the series obtaiiu*d^ 
by PaycT in 1874, and the* aiitlior in 1806 07 in Eranz Josef J^and, and those of 
t he more recent liiissinn expeditions in 1898, 1890, and 1900 of the Murman coast 
of Arctic Russia. 


7 . The Fauna of Franz Josef lAiufl, William S. Bruck 
Iferiot Research Felloin of Edinburgh University, 

The author gave a preliminary account of the* collections of the Jacksqn-Ifarms- 
worth Polar Expedition to Eranz Josef Land in 1896 97, when he accompanied^ 
that expedition as zoologist. The author was able to st’Ciin? over 600 species of 
animals, by far the larg(*st even* obtained by any pn^vious polar expedition, and 
added about 500 specie's to the previously known fauna of Eranz Josef Laud. He 
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made most of tlic collections in shallow water, near the shore, at Cape Flora ; bit 
also in deep water, ns, for instance, in the farthest north station, in 61° N., whore 
he dredged in fathoms. Marine invertehrntes fonn by far the greatest part of 
the collections. Tliree new mammals were recorded, viz., tin' Fin-back Whale, 
Narwhal, and Floe Kat (the smallest known seal). Also live new birds, yi/., 
the Lapland Ihniting, Shore Ijark, Turnstone, Jlonapartos Sandpiper, Purple 
Sandpiper. Among invertebrates the crustacean collection is the most remarkable, 
173 species being obtained. This remarkable number is greaU*T than all tin* 
])rovioiisly known species of animals of Franz Josef Jjand. Of those the author 
pointed out that tliert' were ten species now to’seieneo, and that the striking 
feature was the rocuiTence in the high north latitude of species which inhabit 
Pritish shores. Other classes of animals were also richly represented in the 
collection. 

8. On the Mechanism of the Frofs Tongue, 

Bg Prof. iMarcus Hautoc; and Nkvil jMaskelyne. 


SATUnnAY, SEPTEMBER l\. 
Tlio Section did not meet. 


MONDAY, SEPTEMBER 1C. 

The following Papers were read : — 

1. Dimorphism hi Foramhii/era, By »J. J. Lister, F,R.S, 


2, The Relation of Binary Fission and Conj ugatlon to Variation, 

By J , y. Simpson, D.Sc, 

It is a long-standing generalisation that binary fission is more duplication ; that 
the products of the process are exactly alike. The use of this generalisation in 
theory is obvious. In binary fission wo do not look for variation ; accordingly we 
are left with an excellent rationale of conjugation, and so, finally, of sexual repro- 
duction, viz., a means to produce variation in the interests of evolution. 

A possible objection to the belief that binary fission is duplication may ^ 
rai.sed on a priori grounds. Conjugation would still appear to be unconfirmed in 
the case of the Amcehoidea. It, tlien, there was no variation through binary 
fission, there could not have been evolution. 

The contention is not that tliere is always variation in binary fission, which is 
probable, but perlifips impossible to prove. Wliero it was not quantitative, it 
might yet be qualitative. In many cases quantitative variation cannot be esta- 
blished under a less magnification than G25. 

The species specially examined in this connection were Paramecium caudatiim 
and Stylonichia pustiilata. The points to whicli hitherto examination has been 
Restricted are : («) the general outline ; (/>) the total length ; (c) the extremest 
breadth ; (f) the distance between the two contractile vacuoles (Paramecium) ; 
(e) the length of the middle caudal bristle (Stylonichia). 

In all these five points I found variation ranging in (V) from 1 to 20^, in (p) 
from 1 to 2()/x, in (el) from I to 20/ii, for Paramecium ; and for Stylonichia in (o) 
from ] to GOfx, in (c) from 1 to 20 /li, and in (#?) from 1 to lO/i. The variation m 
(a) for either form is demonstrated by microphotograpbs. The general corre- 
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spoiidence in tlie figures is due to extreme cases. The following are the statistics 
r&ating to the points b, c, d in /x for ten pair of Paramecium : — 


First pair . . ^ . i 

Km.. 

.lliO 1 

45.. 

.40 

100.. 

.95 

Second pair 

ISO.. 

.1!M) ! 

(50.. 

.Oil 

105.. 

• lOI 

Third pair • . 

200.. 

,VXi 

45.. 

.50 

110.. 

.110 

Fourth pair 

1 to. 

.150 

40.. 

.45 

80.. 

.85 

Fifth ijair. 

. ISO. 

.100 

53.. 

.55 

105.. 

.110 

Sixth pair. 

2:i0.. 

..220 , 

50.. 

.50 

110.. 

.105 

Sevojith pair 

2(50., 

..210 

85.. 

..90 

125.. 

.115 

Eighth paii* . . . 

2 S 0. 

..2(50 

80.. 

..65 

145.. 

.125 

Ninth pair . . . j 

Tenth pair 

2fi0. 

..240 , 

SO.. 

..70 

115., 

,.1U5 

250. 

..230 i 

75., 

.95 

120.. 

.110 


Tlie following statistics, also in p, relate to the points b, c. 

d for five pair of 

Rtylonichia X)ustulata: — 






1 

^ 1 

d 

Fiii^t pair . 

240.. .230 

120...110 

35... 30 

I Second pair 

210.. .180 

no.. .90 

40... 30 

, Third pair 

230.. .240 

no... 100 

40... 40 

! Fourth pair 

230.. .215 

115.. .110 

35... 40 

j Fifth pair 

230... 220 

90.. .no j 

35. ..30 1 

1 


The measurements are for full-grown forms, hut the micropliotograplis of Para- 
mecium show variation at (lifloreiit stages of development.. The variation 
traced into the succeeding generation. 

Prom the fact that there is variation in ])inary fissimi we get additional reason 
for holding with Engelmaiin, Maupas, and Biitschli, as against Gruher, that the 
vegetative phase of the life of the ciliata is primary, and we Jirc enabled to see 
in conjugation simply a dcivico whereby the waste ijivolved in that process can 
be refunded. 


3. On a new Form of Luminous Organ, ])y W. E. Hoyle, M,A. 


4. ILotes on Some Bornean Insects, • By R. Siielford, M,A, 

Orthoptera, — Two species of acjuatlc cockroaches — Epilampra sp. and a 
Paiiajsthiid — were found at the base of a waterfall on Mount Matang, fc»arawak. 
All the specimens were immature, but adult forms have been discovered by Mr. 
Aimmidalo in the !Malay Peninsula ; the females are apterous. These cockroaches 
swim and dive well, but are .«'Ooii drowned if prevented from rising to the surface 
to breathe, agreeing in this characteristic with most adult aquatic insects. When 
at rest the body of the cockroach is almost entirely submerged, the tip of the 
abdomen alone projecting above the surface of the. water ; the abdomen movea 
gently up and down, and every 30-40 seconds a bubble of air issues from tbe 
prothoracic spiracle on each side. Apparently the terminal spiracles are purely 
inspiratory in function and the prothoracic expiratory. * * 

The eggs of the stick-insects of the genera Necrosia, Marmessoidea, and Agon^ 
are not seed-like as are the eggs of other genera; twenty or thirty; only 
are laid, and these are stuck in close-set rows on the leaves of the food-plant, 
jot dropped promiscuously on the ground. The eggs are long and somewhat 
fattened ovals, white or cream-coloured, with a delicate network of black pigment 
over the upper surface; there is no capitulum. The young hatch out in 10-14 
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flays, iiud tlio emply oj'g-sliell is left, lullieriiifc to the leal to which It was originally 
/astencd. 

It is notowoHliy tlwil l*hasmi<];t\ wonderf/jl protedivu 

rosoiiiblnijco sticks and leaves, are tlie stajile foriii of diet of 'JVfiprons. 

J\\‘Hropfrnf. - \ remarkable At^rioiibl n.vmpli, ai)})arei»l iy allied to Bvphipq^ 
ooourred witli tlie aquatic cockroaeiie.s. 'J'lii* last segiiioiit. bears three pear-shaped 
processivs, and a pair of tracheal tufts protnub'd from and withdrew into the cloacal 
opt'iiinj^ i]i a rapid systole and diastole ; the tufts open tf) tlio exterior on each side of 
the amis, and each arises from the seven oreijrlit branches, into which the two dorsal 
traeheal trunks break ii]) on either side of the reet^iiu : they are not connected in 
any way with the riictum. The pear-shaped processes are hollow, aud their cavities 
communicate, by the narrow liiiiiina of their stalks with the general body cavity: 
they are lined with epithelium and contain blood, but are not supplied with 
traeheic. It is possible that these structuivs are higlily inoditied caudal gills, 
which now' function as blood reservoirs, th<‘ liow of blood to and from which may 
assist in the diastole aud systole of tlit^ tracht'al tufts. 

Ihjmenoptera . — The habits of the bees of the gtnius Koptosthosnma were in- 
ve.stigated. In the females of tliese bees there is a chamber at the base of the 
abdomen containing numerous Acari ; expt'rinients with and dissections of the 
nymphs showed that the Acari do not enter this special abdominal chamber until 
tile linal stage in the <levolopment of the bee is reaehed. TJie nests of thtjse bees 
and also those of the genus Xi/locopa, which are hollowed out in softwood posts 
and dead saplings, simply swarm with Acari. 

Colcoptera . — The rt^markable Mormoft/ce phijllodes excavates in Polypori fungi 
a large lenticular chamber, entered by a narrow' slit between the fungus and the 
bark of the tree to which the fungus is attached; the chamber usually contains a 
few' larvc'c in various stages of dev elopment. TJio larv.'c present no features calling 
for special remark, being typically t’arabal in appearance; the nymph is provided 
w’ith the foliaceous expansions ciiaracteristic of the adult. A male and female 
Mormolyce are invariably 1‘oimd in clo.se pro]>inquity to the nest, Iceeping a close 
guard over it. 

Tlie melamorplm.'^es of two Lvchl bet'lles — Zi/cosiomffi^ mehmurus and 
Crflochnmitfs ;/o7r/w//;v/.< — w’cro iiiV(?.stigated. TJie larvte of both species are found 
beneath tho bark of tree.s and tli**y feed on the Iqrvm of other insects which 
frequent the siime .sit ualion.s. 'riiey arc conspicuou.sly coloured with black and 
orange, and ex])orimont.'< liave shown that they are as distasteful to iiisectivorou.s 
veitebrate.s as the adult fonii.s. The full-growui larva of L. vielnnurm measures 

millimetres. Tlie liead i.s minute and can be completely withdraw'n into the 
lirat thoracic .segment : it is incomplete behind, ainl doe.s not enclo.'se the. hrain ; 
the anteiime are two-jointed ami retractile into a sheath; a simple ocAdlus is 
situated at the ba.^e. U'lio suctorial mandibles are sickle-shaped and enclosed in a 
thill chit iiious .sheatli ; the maxillm consist each of a single four- joi nted palp ; the 
labium is a triangular ])late wdth two three-jointed pal]»s. Tho body is somewhat 
fattened dorso-veiitriilly, each .segment except the last bears a .spiracle j the last 
segment bears a ventral .sucker formed by the everted lips of the rectum. A simple 
book represents the tar.sus. Tlii^ larva of CalorhnmiUfi malanKrm agrees in many 
point.s with the above de.scription ; llio segments of the body bear short lateral 
proce.s.se.s W'ith a spiracle at the base of each ; tlie.se processes are not jointed as in 
tho Malacodermatous larva from New' Britain, ligured aud described by Dr. Sharp 
Zool. Ilesults Willey Expt.-d. : Insects’). 

Some other Malacodenii larvm of considerable size (oO-SO mm.) w'ere 
frequently met with, but their lift'.- hist orie.s were not traced ; in fact these larva) 
have long been a complete puzzle to ontomologi.sts, since no adults of correspond- 
ing sizes are known. The external features of one form have recently been 
described by Bourgeois Bull. Soc. Eiit. France/ 1800, pp. b8-6o) ; the head is 
extremely like that of the Lycid larvae noted above, and in other points of its 
anatomy it agrees with those forms ; the cuticle is remarkable, being composed of 
columnar cells with ’small nuclei ; the inner and outer ends of these cells are 
cohered with a^thin sheathing of chitin. lii another form, with a pair of phos- 
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organs in tlio poiiultimate segment of the abdomen, the cuticle is 

jjepiaupfera, — An interesting example of protective resemblance was furnished 
hv a small (leoineter larva which Avas found feeding on the budding inllorescenco 
of 41 spirma-lihe plant. The larva was pale green in colour and provided witli 
pairs of spine-lilce processes on the fourth to the eiglitJi and on the eleventh 
^cfment to each of these; sj)ines was attached by a delicate seendion of glutinous 
silk a string of^buds of the inllorescence on wliich the larva; fed. As these buds 
withered and turned brown they were cast olf and renewed by fresh green ones, 
d’he larva did not move about much, but even wdien it did it was well-nigli 
indistinguishable from its food-plant. The pupa, which was enclosed in a silken 
cocoon covered with green buds, was unfortunately destroyed by ants, and no 
other specimen was obtained. 

Diptera. — Some larvtc closely resembling Vermiloo w'ere discovered on Blount 
Ponrisseu, Sarawak, at a considerable altitude. The larvrn formed pitfalls in sand, 
after the manner of ant-lions. Their habits have been described elsewhere. 

A larva, apparently allied to Microdon^ was found in some numbers under the 
sheathing leaves of a Caryota palm : it was remarkably slug-like in appearance, 
sliowuig no signs of segmentation. The upper surface of the body was highly 
convex, and from the posterior end protruded a short median tube at the base of 
which was situated a spiracle ; the ventral surface was flat and transversely wrinkled ; 
there were no legs or pseudopods : the chitinous head was completely retractile. 
At the time of pupation the larval skin became strongly cliitinised, forming a 
piiparium inside which the further transformation took place. 

All the aquatic dipterous larvm obtained were closely allied to, if not 
identical with, .such W(*ll-knowii l^hiropean forms as Cureihra, C/itronomffK, 
T/iniipUi<, \'c.* 


])liore8cent 

glandular* 


5. /jcln'da aivd Zeln'd JlybrUU, Jhj Prof. J. CossAii KwAR'i*, J/./)., 7'VA\*S*. 

0. Oih EcliinoiKMiui gvayi, a lanje Xamafud*' from Pcriviscrral CfU'iff/ 

of the tSea-nrrh^u, Jit/ Jamks P. J/.A., M.D, 

The author exhibited some sj)t‘cimens of u largt; neinatndi; from the perivisceral 
cjuity of till! seii-iiiTliiii and gave an account of tlieir oci’iirn nce aud anatomy. 

/v/aa/es. llody elongated, (lOO- 1,000 uiiii. in length; li- 1 mm. in breadth; 
white or seuiitnuisparent, tapt'ring at both ends, the ])»>sterior end being slightly" 
hluiilcr and curved in a hull-circle. A delicate, culiciilav hook at both emir'. 
Mouth and anus entirely absent; the whole body coven ‘d by a delicate cuticle, 
and the body wall thrown into a series of shallow transverse folds along either 
side. 

livpoderniis, a single layer of nucleated cells; muscular sy.stem. a single layer 
of cells beneath liyjiodermis, arranged in .'somewhat irri*giilar longitudinal rows 
along the ventral third of the. body wall, and uvrmigod less niavkedl\ in transverse 
rows on the dorsal two-thirds of the liody wall. Exoretoiy system of canals 
absent. Nervous system, a thickening of the hyi>odermis at head end, not con- 
tinued backwards into longitudinal cord.s. Alimentary canal apparently a mass 
ot spongy reticular tissue, with nuclei and protojdasmie masses at intervals, 
wilh an irregular lumen ending blindly at either extremity. Ovary single, 
gi’eatly elongated ; development internal, with total uneqiial segiiientat ioii, followed 
by a modifled form of gastrulation. , • 

, Mahs , — Much smaller, 60- 200 mm. in length, with tail coiled characteristically 
^ a spiral, with tw’o equal spicules close to posterior extremity. 

This nematode seems to have hitherto escaped notice, except for a mention 
»y A. E. Shipley," whose specimen did not allow him to investigate its structure. 

* Some of the above noted insects will later form the subject of special memoirs. 

* Qjrjf.S., 3000, p. 281. 
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TLo author moans to luiblisli a fuller account of the worm elsewhere, aud iwojioses 
to name it Echinoiwma yretyx. ^ 


7. Exhibition of Ahnurmal Specimens of Nephrops^ lly F. H. Marshall. 

f 

8. Exhibition of Mio^oscojnc Prejmrations of Mammalian Hairs. 

Ihj F. H. Marshall. 


TUESDAY, SEPTEMBER 17. 

Tlio following Papers were read : — 

1. The Fauna of an AtolL By C. FoRster Cooper. 

The island of Ilolulo is a large wooded sand bank placed at the southern cutl 
of the eastern reef of Male atoll; it is in no place raised more than three feet 
aliove high-tide marks. It shows signs of having once been much larger, and of 
having formerly included the small island of fxadii, now some way to the south. 
The reefs on the two sides of the island differ from one another in aomo respects. 
The eastern and seaward reef is much broader than the western or lagoon reef, and 
is dividfd up into three zones, the reef ffat, boulder zone, and boat channel, the 
hitter being again .subdivided into three zones by the nature of it.s inhabitants. 

(hi the western side the boat <;hannel i.s narrower, and corre.s])onds to the 
middhs zone of th(i boat chaiintd on the east side ; the reef on this side is more rich 
than tlie other. It was found gener:illy that species were often confined to wsomo 
particular zone; that where free sand was much washed about by the action of 
water animals could not and did not flourish. Tho ab.sence of all seaweeds was 
als<» noticcjiblo. 

In th(i lagoon the boitom was found to con.slst either of sand or mud, the mud 
ii«‘iially being deposit(?d in the centre of the lagoon, where the currents lost their 
orce. 

Itetd-huilding corals were never found on the bottom of the lagoon, but only on 
the slopes of reel's. 

The reefs were certainly not extending inwards towards the lagoon, but may 
perhaps be extending seawards to gome small degree. 


2. The Land Crustaceans of a Coral Island, ByTt, A. BorRADAILE, 
Lectnrer in Natural Sciences at Selwyn College^ Cambridge, 

The i.sland in whicli tlie species and theip habits were observed was the atoll 
of Minikoi in the Indian Ocean. 

The following species of Crustaceans are found on land in Minikoi: — 

— 1. Oeypode ceratophthalma, greyish-green in colour, and frequenting 
the lagoon shore, where it lives in spiral burrows below extreme high-water mark. 

2. Qeypode cot'dimayia, chocolate-brown in colour, and living in horizontal 
burrows on land above extreme high-water mark. 

y. Geo^rapsus yrayi, black and white in colour, running about actively in open 
hpacefe. 

4. Gcoyrapsus crinipes, orange-yellow in colour, and living near freshwater 
tanks and pools. 

5. Geoyrapsus longitarsis var. minikoiensis, and 6, Afetasesarma rousseauxh 
dull greenish in colour, living under timber, stones, See, 
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Jlermt Crahs {Soldier Crahi^). — 7. Cwnohita rugosus, grey or lilac in colour, 
of small size, and numerous along the shore. 

8 CopnoUta jicrlatm^ scarlet and white in colour, of middle size, and also 
found chietly near the shor(‘. 

0. Coenobita clii2>mtitA, purple in colour, of large size, and found in the jungle. 

• Slatem {Isopods) \ — 10. Cuharis murinui*, and 11, Philoaoia sp., woodlice. 

12. Ligia exotica^ lives on the shore. 

Land crustaceans, wliich are tin* dominant group in a coral island, are of im- 
portance in the economy of the island : 

. i. As scavengers. 

ii. In tlio destruction and disintegration of fruits. 

iii. In the distribution of see‘ds. 

iv. In the same manner as oartliworms hy their burrowing. 

V. As enemies of various animals. 

- vi. Occasionally as food for othin* animals. 

vii. Possibly in the fertilisation of llowers. 

viii. Probably in many other ways as j’et unknown. 


3. On the Anatomy of the Larval Polypterns. 

By J. S. BuiiGKTT, M.A.y Trinity Colleye^ Camhridye, 

The material for this paper is furnished by a single example of a larval Poly- 
pterus, obtained in the Gambia in 1000. 

The larva measures 30 mm. in length, and is in the condition when the 
cartilaginous skeleton has reached its highest development and ossification is 
about to comraenci?. 

The structure of the pectoral fins at this stage affords a strong argument in 
favour of the view that the Oossopterygian fin is derived from the uniserial type 
of fin and not from the biserial archi pterygium. The suspension of the jaws is 
iu a primitively hyostylic condition, while the hyomandibular cartilage carries a 
segmented rod of cartilage forming the axis of the root of the external gill. 

The vertebral cartilages resemble in their mode of formation those of 
Lepidosteans and Teleosteaaas but, in addition to neural and hmmal cartilages to 
each segment, there are distinct lateral cartilages. The hmmal cartilages give 
rise to the ventral ribs, which are thus shown to he homologous with the ribs of 
other Ganoids and Teleosteans, while the lateral cartilages give rise to the trans- 
verse processes and lateral ribs, which are homologous with those of EJasmo- 
hranchs. Amphibians, and Amniota. 

The oviducts are formed by the folding oft’ of a portion of the body cavity 
into which open a number of neplirostomes, an.d ai‘e thus shown to bo of a nature 
quite different from true Aliillerian duels; there is some evidence that the corre- 
sponding duct in the male is homologous with the longitudinal canal of the 
testicular network in those forms which have vasa elferentia passing to the 
kidneys, while the vasa effereiitia themselves are modified neplirostomes. The 
hea(^ kidney is a very large organ lying between the foremost dorso-lateral and 
ventro-lateral muscles far from the middle lino : it consists of the much coiled 
anterior end of the archinephric duct,nud ends opposite a rather small glomus lying 
close to the aorta, in the pronephric chamber, which is apparently without a 
funnel, passing to the general body cavity. 

The structufe of this larva confirms the belief that Polypterus is an extremely 
generalised creature showing allinities with three great divisions of Ichthyop^da, 
leloostei, Elaamobranchi, and Amphibia. 

4. The Origin of the Paired Limbs oj Verithrates, * 

By J. Graham Kerk. 

The author gave a short account of liis Iiypotliesis as to the phylogenetic 
t)wgin of the paired limbs of vertebrates. He passed in review the two current 

wpi. z Z 
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liypotliesos — that i>f Gt‘jroi\baur ami that of llalfnur, Tliacbi^r, ami Mivart. Atlen- 
lioii was drawn to tlio c omplete absenco c»r intcrim?(liaf«% stagc‘s between gill septum 
nml limb, and also to the a priori improbability of a gill Sf'ptiim sucli as we know 
in tilt' lower fislit's, firmly fixed and Hush with the surface, developing into a 
motor organ. It was pointed out, how(‘ver, that flu* numerous advocates of tjm 
(Tegenhaur view had managt'd to accumulate a huge inas.'j of evidenc(3 bearing 
uptui out' partieular pliase of the qut‘stitm, and wliieh consisted of hicts pointing 
Tt) an extt'usivo bacliwartl migration of the paired limbs having taken place from 
somewhere in the neighbourhood of tln‘ branehial region. 

Tilt' lattaal fold view had at first the advaiitagt^ of resting upon a more 
certain ft aindat ion t)f anatomical fact — upon the fact discovered by llalfour that 
in tilt* yt>ung torpi'do the two limbs are for a time coiniected by a continuous 
riclgt* of epiblast -that in this form tin* pairtul limbs d(!velop in procist'ly the way 
in which tin* theory siipj)t)se8 them to have dt*vt*lopt‘d during phylogeny. Modern 
research lias, howtwer, shown that this longitudinal ridge of epihhist does not 
appt‘ar at all in the less specialist'tl Selaehians ; t?ven in Torpedo tlie ridgt? 
npptmrs st*condarily, and its a])pt‘anince at all is probably a quite secondary 
])henomom)u associated with the .seeomlary extension of the paired fins along tliti 
sides of tht* body in tin* atlult. Embrytdogy as it is known to-day does not 
furnish the saim* foundation tor such a theory of limb formation as it ap^ieared to 
do at an earlier period. 

The anatomical resemhlances liotween paired and impaired fins were touched 
upon, ami it was suggested that such r(‘seiublaiie(*s are probably duo to homopltisy 

Attention was now drawn to the fact that in the relations to one another ol’ 
nuiseles, skeleton, and visci'ra in the lower vertelirates then* was expressed an 
admiralile mechanical aiTangenn*nt for hit<*val Hexun* of tin* body. Properly 
co-ordinated lati'ral tlexures provided a powerful ni(‘aus of locomotion through 
fluid, a method used by all the lower vertebrates. It was diflicult to lielieve that 
eithiT a gill septum or a lateral fold could aid to any appreciable extent this 
primitive method of swimming ; the probability was that in its incipient stages a 
limb derived in .such n way must act rather as a hindrance. 

Tile author was of tlio view tliat tlie pain'd limbs were not at first swimming 
organs at all, but that they were, developed in correlation with movement about 
a solid stratum. With a solid pohU tVappid even a very small movabhi projection 
would be of use in ])rop(;lling the creature forward. Tlie question was, Did such 
proje(Mif)ns of the body wall exist in the lower v»*rtebrate3 which might liav«* by 
evolution become developed into paired limb.s? lie considered that the most 
primitive groups of ({natlioatomatca w'ore the Selachians, tin* Crossoptorygians, the 
Dipnoaiis, and the Urodele amphibians. In three out of the four groups then^ 
occurre-d during development true external gills, projections of mesoblast coveriMl 
with epihlast sticking out from the visceral arches (Mandibular — ‘Bahincor’ 
of Iffodeles; Hyoid — (.-rossoptcrvginns ; Drancliial .\rclies T. -III. — Urodelcs, 
Ltpidodron, Pj’otopfcrus ; llraiicliial Arch IV. — Lipidosireiiy Prof op tent a). In 
the Heluchians their ahsi*uce was correlated with the ]»resence of the enormous 
liighly vascular yolk-sac, which made the persistt'iice of any other dermal 
respiratory organ of early life quite niineci'ssary. The true external gills were 
supposed by .some to be larval organs indepmidenlly developed, hut further 
knowlenge of their identical relations and development made it impossible to 
accept any oilier view than that they were truly homologous .structures inherited 
from a remote ancestor. 

The structures in question are provided with ehihorato muscular arrange- 
ments; ^in a live Dipnoan or Urodelan larva they are se(*n to he every now and 
then sliar])ly flicked back ; they are, in fact, though mainly respiratory, potentially 
motor in function. In IJrodc'ies the con-espondiug structure on the mandibular* 
arch has lost its r(;s])iratory and taken on a puridy supporting function. 

The author concluded that in these serially arranged potentially motor organ? 
of the lower vertebrates were to In* recognised organs liomodynamous with tin 
structures which had given rise to the paired limbs ; tht* limb-girdles he followed 
Gegenbaur in regarding as modified vi.sceral arches. The earliest stage of tht 
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roly motor appenda^o was probably a simi)le styliform strurtturo resoinbliiig tJic? 
ialancing (»rgaii of tho Urod(*b» or tho limb of LepUhmren^ and from this .sVy/o- 
^ffyijqxum lirfd b*en derived along two' divergent lines of evolution — the nrehi- 
pterygium and ichthyopterygiuni on the one hand and tlie oheiropterygium on the 

Finally the author remarked that this hypoth(‘sis had tlie advantage of 
explaining just as w5ll as did the Gegenbaiir hypothesis the traces of backward 
migration of tie limbs ; and in regard to the only serious objection to the view — 
the absence of a cartilaginous skeleton in r?xtornal gills — he pointed out that this 
ol)j(‘Ction, already weakened hy the presence of a carlilaginoiis axis in the barbels 
of bad now been uiiiiiraised by the description by lludgett of a rod of 

cartilage projecting into tho base of tho external gill in the young Polf/pterus, 


T). The Story of Malaria, By Ronald Ross, F,E.C,S,^ F.B.S, 

Interesting nature of the story. Incorrect versions propagated. 

.Endemic nature and paludal connection of malarial dist‘ase give rise to the 
hypothesis of a telluric miasm. Absence of any scientific proof. Xcgati\ e ex- 
periments of Calandruccio and others. 

Tht' lirst fact —discovery of tlie malarial iiigment, called melanin, by Frerichs, 
Virchow, and Meckel in 1841) 51. 

Invent ion of the Bacilluii malarue by Criideli, Alarcbiafava, and otlior lloinan 
writers. Circumstantial details. T’lie whole thing a fabrication. 

I’ho second fact — recognition of tho melanin-bearing parasite by Laveran, 
1880. lie describes all forms of the parasite. Predatory Italian elibrts. 

The researches of Laveran and Colgi concerning tho life-history of the 
imrasites within the bodj. Similar parasites found in birds by Danilewsky, 
Orljiin forms of tho parasitt's, now known as ganietocytes, cannot be explained. 
t>roneou8 degeneration theory of Grassi and Pignami. 

Efibrts to tind the parasite free in nature. Grassi discovers it in a fresh-water 
ammba — another fabrication. The mosquito hypothesis of King, Laveran, Koch,, 
Manson, Bignami, and others. -All formed independently, and are partly right 
and partly wrong. 

I .show that the so-culled flagella emanating from the gametocytes are living 
bodies, Sacharolf proves them to contain chromatin, AlacCallum dt*mon.stratea 
tlieir true nature. 

My attempts to cultivate tho parasites of mosquitoes, 181)5-1)7. Failure with 
‘grey 'and ‘brindh^d’ mosquitoes (C«/c.r). Final discovery of the ‘pigmented 
cells ' in ‘ dappled-winged ' mosquitoes {Anopheles) in 181)7 practically solves tho 
problem. 

Whole life-history of tho jjarasites in mosquitoes determined by my experi- 
ments on the development of the parasites of birds in Cute.c fatiyans in 181)8. 
In association with Aniiett and Austen I find the similar development of the 
human parasites in dappled-winged mosquitoes in Sierra Leone, aiul study the 
babit s of these insects, 1 8l)t). 

Koch confirms AlacCallum’s observations, studies the early history of the 
zygotes, confirms my work (1808), and finds the frequency of infection in native 
children (1890). Similar studies of Daniels. Great value of their labours. 
biXcellent researches of Christophers, Stephens, Nuttall, Ziemann, A'an der Scht?er, 
Kiige, Fernside, and many others. Crucial experiment of Manson in 1900. 

After the publication of my work of 1898 Bignami, Bastianelli, and Grassi 
detect the genus of my ‘ dappled- winged ’ mosquitoes from my description, and 
bnd, in similar insects in Italy, the development of the parasites described by me. 
They pretend that their efforts were original. They add no new facts of funda- 
mental importance. Unreliable and predatory nature of tbeir work, especially of 
fbat of li. Grassi. Letters from Charles, Laveran, and Koch. 

Excellent histories of Maniiaberg, Thayer, and Nuttall. 

z z 2 
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The prevention of malaria and other mosquito-borne diseases. Punkahs, 
mosquito-nets, wire gauze, and quinine, ^^gregation. Koch’s method! 
Necessity for ridding towns of mosquitoes. Experiments now in progress in 
Sierra Leone and Lagos. 


(i. Exhihidon of Photographfi of Foasils in the La Plata Museum, " 
Bu Di\ h'liANCisco P. Moueno. ‘ 


A New Sounding and Gro\t,nd-colhctlug Aj^paraUta, 

By Professor G. Gilsox, of Louvain, 

Side view, showing method of suspension. Front view, showing mechanism. 
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This apparatus lias been used for some time in the course of certain researches 
which have been carried on in the North Sea. Tlie task of a complete biological 
survey of the Uelgian coast having been entrusted to the author by his Govern- 
inont, he soon felt the want of a handy ground-collecting instrument, Several of 
tlR) existing models, among which a few were of the boring-tube type, were tried. 
Some worked rathen well, but, although very heavy, they would only supply a 
small quantity of sediment. Others gave good results on soft muddy bottom, but 
uo result at all on the sometimes very hard sands of the coast. None of them 
was found to answer adequately for the particular desiderata of the work, a bulky 
sample of all kinds of sediments being required. The author then set to work and 
constructed the very simple apparatus exhibited, which, although a mere embryo 
rather roughly set up, lias done such good service ns to induce him to call to it the 
attention of those engaged in oceanographic study. 

Tt belongs to the cup type of sounding matihine, the earliest idea of a ground- 
collecting njipamtus. The cup, however, lias been provided with several additional 
(leviees which give the whole quite a peculiar character. The most important of 
these is an iron cover, exactly litting the cup, and intended to prevent its contents 
from being washed away, A very simple m<‘chanism keeps this cover lilted up 
as long as the cup is cutting into the soil. As soon as the cup touches the bottom 
a little cam falls down, and is unlatched. Later on, when the apparatus is finally 
hauled up, but not liefore it takes a vertical position again, the same mechanism 
releases the cover and allows it to fall and close the cup. 

The construction of the apparatus is given in the figure. 

One of the most characteristic features of the instrument is that the rope is not 
connected directly to the iron bar that bears the cup, but to a square block of 
cast iron through which the bar freely plays up and down. 

When a hard ground is reached, the men in charge lake care to give the ropo 
a few short pulls in order to make the cup bite into it. If under such circum- 
striiices the instrument was allowed to lie fiat on the ground it might empty itself 
after each pull. The ring attached to the iron block is intended to keep the 
apparatus in an oblique position, thus causing the cup to cut into the soil by its 
edge, and to gradually fill up, no matter iii what direction it may happen to tumble 
down. 

When full tlie cup contains about six pounds of sand. The whole construc- 
tion is very simple. There is no piece in it that any blacksmith or ship engineer 
could not easily repair or even make anew in case of a breakdown ; a quality 
which anyone engaged in exploration would certainly wish all his instruments to 
possess. 

The author has tried this sounding machine in shallow waters only ; but there 
is little doubt tliat it would work well on the soft ooze of the deep sea. If neces- 
sary a system of lost-weight mechanism could easily be devised and connected to it. 


8 . Exhibition of a New Orientimj Apparatus fur the Gcmbridge 
Microtome, By James Rankin. 
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SiccTiux K.- (JEOGllAPlIY. 

l*Ri:siPi:>T OF THH Sectjox- Hi uh IIojjkut Mill, 


TJfL liSDAr, SKPTEMBEli 11. 

The IVe^Meiit <Ielivoiv<l the lollowiiig- Adchv.«s : - 

On IvKSEAUCll IN (JKOdUAPlllCAL SCIENCE. 

I nf, rodiir tort/ » 

I’liE annual reas^semblinf^ of friends and fellow-workers in the old rc-visitcd towns, 
and the annual accession of new lovers of science, furnish a unique opportunity ior 
a survey of the advances ma<it* in (»ach department, a tittinj; occasion also for 
remeinberinj:^ those who hav(‘ finished their work and can aid our deliberations 
only by the memory of their example. 

Apart from our more intimate losses in the death of many distinguished 
geographers and devoted workers, the period since our last meeting has been for 
all a year of mouriiing-. The passing of the nineteenth ^century was almost like the 
doatli of a friend, and it is still difiicult to realise that tlie century which wo had 
been so long in the liabit of associating with everything now and great and 
progressive has itself become part of the past. Few coincidences have been inoni 
.striking than the almost simultaneous close of that unparalleled reign which gave 
a name to tlie J^'ra including all that wjis best and most characteristic of the 
century. The death of (iueeii Victoria carried so keen a sense of jiersonal loss 
into every lieart that few attempts have btum made to show how vast a portion 
of the stream of time - measured by progress — intervened between the terminal 
dates of her life. Tliiiik for a moment of the splendid advances in the one small 
department of geographical exploration during the late Queen's reign, the multi- 
tude of landmarks which have; bemi crownetl by the great name of Victoria - ol 
the bkirth’s most southerly land and its most northerly sea, of the largest lake 
and most maje.slic waterfall of Africa, the loftii'st lake of Asia, the highest peak m 
New t iuiiu'a, tlie widest desert and rao.sl populous colony in Australia, and ot th»* 
two thriving seaports on either side of the North Pacific which couple togellieJ’ 
the Hritish Dominions of western America and eastern Asia. 

AVliat could be more apjirojuiatc in this first meeting after the close of suck a 
century and of such a reign tlian to pass in brief but appreciative review tlu; 
adwincos f»f geography during those liundred or those sixty-live years h fkie 
thing in my opinion is more appropriate than to dwell on past triumphs or to 
regret past gi’catness, and that is to survey our jiresent position and look ahead. 
In t ho lirst year of a new century and of a new reign wti are reminded that 
have a future to face and that the world is before us, and 1 propose to seize tlnj 
opportunity in order to .speak of the science of geography as it is now understoof 
and especially to urge the importance of the more systematic pursuit o 
geographical research henceforward. 
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Geography in tJie Universities, 

The i)i’ospecfc of immediate expansion in many lirilisli iiniversitie.s seems ul. 
]jist likely to afford more than one opportunity of wipin'^ out the old disfrrace ot 
the neglect of goograpliical science in the accredited seats of learning. Alnjady 
Oxford has a \vcl).-irftinned School of ( Jeogra])hy, and (’ambridge has a Reader in 
Seography. J’he reconstituted University of London occupies the best position in 
the world for creating a chair of geographical research, situated as it is in the very 
centre of the comings and going-s of all mankind, and in touch with the most com- 
plete geographical librarj^’and map-collection in existence. The new University of 
Jlinningham may, it is hoped, prove better than its ijromises, and may perhaps after 
all provide some more adoTuate treatment of geograpliy tliaii its proposed par- 
tition amongst the professors of half a dozen special subjects, all of them con- 
cerned in geography, it is true, but none of them individually, nor all of them 
collectively, ca])able of embodying that co-ordination of parts into a harmonious 
unity which gives to geography its power as a mental discipline and its value for 
practical application. But l^lnglandin all that pertains to higher tiducatiou is still 
a poor country, and the will to do well is hampercjd by tlie grinning demon of 
j)overty. Here, on the other .side of the Border, we are in a diftenmt atmosphere, 
'fhe wave of the magician’s wand in the lunids of Andrew ( -arnegie has brought 
wealth that last year would have been cicenied fabulous to the ancient universities 
in Scotland, and it will he a disgrace, to our country if this sphmdid geiierosil v 
does not result in the establi.slimeut of oiu) or more fully (Uidowed and completely 
equipped chairs of geography. 

There may still bo some people who view geography as the concern only of 
soldiers and sailor.s, advimturous travellers, and perhaps of elementary teachers. 
Mxploraliou is undoubtedly the lirst duty of geographers, but it is a duty wdiich 
has been W’oll done, the nineteenth (umtury liaving left us only one problem of 
the lirst magnitude. This is the exploration of the polar ri'gions, and even here 
the twentieth century clamours for new' methods. 


The Anlarclic E.rpedillons, 

This year has seen the loiig-hoped-for Antarctic expeditions st*t out on their 
great quest, a quest not only of new lands in llio southern ice-world hut of 
scientific information regarding all the conditions of that vast unknown region. 
Two expeditions have been planned in Great Britain and Germany with a com- 
plelo interchange of information regarding equipment and methods of work. 
Provision has been made for simultaneous magnotic and meteorological 
observations, and in some instances for the nse of instruments of identical 
construction, and all possibility of any nnseeraly rivalry in striving for the 
childish distinction of getting farthest soutli has been obviated by the friendly 
understanding that the British ship .shall explon? tlie already fairly know'ii Ross 
quadrant, wJmre it is pretty sure that exton.sive and accessible land w'ill Javoiir 
exploration by sledges, w'liile the Germans have cliosen tin* entin.dy nnknow'ii area 
of the lOnderby quadrant which no ice-protected steamer Inis yet attempted to 
penetrate, and where they enter a region of jioteiirial discovery before they cross 
the Antarctic Circle. 

The J^ritish expedition is equipped on the good old ])lan that produced sucli 
hue re.suUs in the day.s of Cook and Ross ; it is manned by sailors of tin? Royal 
^uvy and is under the command of a gallant naval cdlicer, though, unlike the 
earlier vessels, the ‘ Discovery ’ is not herself a naval ship. As in the days^f Cook 
the naval officeTS are assisted in their non-professional work by several young and 
promising scientific men, two of w'hom have already had experience of wmrk in 
the polar regions, ^fhese have the great advantage of the counsel and help of 
Air, George Murray of the British Museum, who goes as far as Melbourne in the 
posiUon of Director of the Scientific Staff. 

No one who has seen the zeal and unflagging eiitliiisiasm with which Sir 



700 


REPORT — 1901. 


Clements Markimm bns organised tlie expedition can hesitate to accord to him in 
fullest measure the credit for its successful inauguration. And no one Y?ho lias seen 
tlie quiet and good-humoim'd determination of the commander, Commander K. P, 
Scott, in overcoming many irritating preliminary difficulties, can doubt his fitness 
to undortake the heavy responsibilities of tlio voyage. I am sure that he will he 
a wortliy successor to Cook, Ross, Franklin, Nares, and a]l the other officers 
who have made their names and tlie name of the Rritish Navy famous in Polar 
service. The second in command, Lieutenant Armitage, R.N.R., hai had several 
years of Arctic experience, and amongst the crew there are somi^ old whalers whose 
knowledge of the ways of sea-ice should prove of value. The ship and her equip- 
ment are unique ; it is no exaggeration to say that she is the best-found and most 
comfortable vessel which has ever left our shores on a voyage of discovery. 

The German expedition has been more boldly planned than ours. It is new 
and experimental all through, as befits a young nation in its first exuberant eflbrts 
in a new field. If somi> people suppose that it may have made mistakes that 
our expedition has avoided; these, at least, are new' mistakes from which new 
lessons are to be learned. If risks must be run — and we of the twentieth century 
are, I trust , no more timid of incurring risks than our predecessors of the nine- 
teenth, or the eighteenth, or even the seventeenth — it is good that they should he 
new risks. To scientilic men in Germany it appears natural and reasonable that 
a man of science should be the head of a scientific expedition ; and that a geogra- 
pher should lead a geographical expedition. Many British men of science syrapa- 
tliise in this view. Dr. Erich von Dvygalski, one of the professors of Geography 
in the University of Berlin, has been entru.sted with the command to which ho 
was appointed before the ship was designed, and for five years he has given all his 
time and thought to the expedition, lie is supported by a band of highly trained 
specialists, who have spar(?d neither time nor travel in mastering the subjects with 
whicdi they may d(*al, and t*ach lias also rec(.*ived a general training in the subjects 
of all liis colleagiK's — an admirable ])recaiitioii. The captain of the * Gauss,’ who 
belongs to the Merchant Service, ha.s taken a course of training from the Norwe- 
gian whalers oil' Spitsbergen, lie will, of course, be absolute master of the ship 
and crew in all that concerns order and safety, but he will bo under the direction 
of lliO leader in all that concerns the plan of the voyage and the execution of 
scientific work. This arrangement is one winch has ahvays .seemed tome to ho 
desirable, that the captain of n ship on scientilic service should occupy a position 
in relation to the scientilic chief similar to that, of the captain of a yacht in relation 
to the owner; but it is subjecit to the drawback that a naval officer could not well 
be asked to accept such a divided command. 

AVhatever our views as to ideal organi.sation may be, we are all certain that 
both expeditions will do the utmost that they can to justify the confidence that is 
placed in them and to bring honour to their flags. AVe know that the officers and 
staff of the ' Discovery ’ belong to a ractr which, whether trained in the University 
or in the Navy, has acquired the habit of bringing back splendid results from any 
quest that is undertaken. 


A Dejinitioit of (J coy raj thy » 

The bright prospects of Antarctic Exploration must not, however, blind ns to 
the fact that exploration is not geography, nor is the reading or even the writing 
of text-books, nor is the making of maj)a, despite the recognition of leading carto- 
graphers as * Geographers to the King.’ These aro amongst the departments of 
geography, but the whole is greater than its parts. 

The View of the scope and content of Geography which I have arrived at as 
the result of much work and some little reading during twenty years is substan- 
tially ^that held by most modem geographers. But it is right to point out that the 
mode of expressing it may not be accepted without amendment by any of the 
recognised leaders of the science, and for my own part 1 believe that discussion 
ratlier than acceptance is the best fate that can befall any attempt at stating 
scientific truth. 
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Put in tlie fewest words, my opinion is that 

Gcogra'phfns the science which deals with the forms of relief of the Eartlis crusty 
md tcUh the influence lohich these forms eao'cise on the distribution of all other 
phenomena, 

i'his definition loo^s to tlie form and composition of the Earths crust itself, 
and to the successive coverings, partial and complete, in which the stony globe is 
wrapped. Wetfometimos liear of the New Geography, but 1 think it is more pro- 
fitable to consider the present position of Geography as tlie outcome of the thought 
and labours of an unbroken cbaiii of workers, continuously modified by the growth 
of knowledge, yet old in aim, old even in the expression of many of the ideas that 
we are apt to consider the most modern. 


Some Historical Landmarhs, 

Claudius Ptolemmus, about loO a.d., gathered into his great ^ Geography ^ the 
whole outcome of tlie Greek study of the liabitable world, lie laid stress on the 
threefold nature of descriptions of the Earth’s surface, the general sketch of the 
great features of the world alone receiving the name of Geography, the more 
special dascription of an .area ho termed Chorography, and the detailed account of 
a particular place Topography. 

Aristotle, who first adduced rijal proofs of the sphericity of the Eartli, had not 
failed to note the rektion8hi])S wdiich exist between jihiiits and animals, and the 
places in which they are found, and he argued that tlie character of peoples was 
influenced by the laud in which they lived ; but Ptolemy cared little for theories, 
comparisons, or relationships, coiitiiung himself rather to the record of actual facts. 
He made errors, the results of whicli were more important, as it happened, in ad- 
vancing knowledge than Avere the truths which he recorded ; for after the troubled 
raodimvnl sleep, when even the sjilierioal form of the Earth was blotted oui. of the 
knowledge of Oliristendoin, the scientitic deductions made by Toscanelli from the 
fake premis(3a of Ptolemy heartened Gihunhus for his westward voyage to the 
Indies, on the very outset of wliieh he stumbled all unknowing on the New World, 
When .Magellan succeeded in the cuteri>rise whicli Columbus had commenced, the 
fourteen centuries’ reign of Ptolemy in geography- came to an end; his work was 
done. • 

The rapid. luiA’eiling of the Earth in tlie sixteenth and seventeenth centuries cast 
a glamour over feats of ex])loration which has not vet been wholly dissipated, and 
it may not be easy, even now, to obtain wide credence for the fact that the ex- 
plorer is usually but the collector of raw material for the geographer. 

It is of vital intertst to trace the re-formation of the theory of geography after 
its interruption in the Middle Ages, The fragments of the old Greek lore Avere 
cememted together by new and plastic thouglits, -crudely enough by A]>inn, Gemma 
I’risius, and Sebastian !Muu.stor in the sixteenth century, but Avith increasing 
strength and completeness bv Cliiverius, (krpeuter, and Vareiiiiis in the seven- 
teenth. • ’ > X » 


The First Oxford Geographer, 

The names of CliiA'erius and Vareniiis are familiar to every historian of 
geography, but that of Carpenter,! am afraid, is now brought to the notice of 
many geographical students for the first time. lie. Avas not so great as Vareuius, 
but ho was the first Hritisli geographer to Avrite on theoretical geography as 
distinguished from mathematical treatises on navigation or the repetition of nar- 
fntives of traA’el, and I think tliat there is evidence to show that his Avork had an 
miluence on his great Dutch contemporary. * • 

Carpenter, Eellow of Exeter College, Oxford, published his hook in 
under the title- fc ; m 


rii *.^^'^ffX’aphie delineated forth in two Hookes, Containing the Sphericall and 
^]>icall parte thereof,’ and with the motto from Ecclesiastes on its title-page*— 
«vor generation comnieth, and niiotlier goetb, but the Earth remayneth for 
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Tho great merits ol* Carpenter V treatise are liis lirni grasp of tlio r(?lation of one 
part of geography to niiotlier, liis skilful blending of the solid part of the work of 
Aristotle and I’toleiny with tlint of the explon'rs and investigators of Jiis own 
generation, and the wholesome common-sense that dominates liis reasoning. His 
detinitioii is eompreliensive and prt‘cise. ' , 

‘Geographie is a science which teachoth the description of the whole Earth. 
The Xature of Oro/j ra 2 )/t if* is yreW expressed in tho name: For Geot/raphie resolved 
according to the frrccAc Etymologie signilietli as much as a description of tho 
Earth; so that it dillers from as a ])art from the whole. Eoras- 

miich as Cnamoyraphic according to tlie name is a*'descriptioii of the whole world, 
comprehending under it as well Geuijrdphw as A<trnnomii‘. Tfowbeit, I confesse, 
that amongst the ancient AVrilers, Coanutt/vaphie has been taken for one and tho 
st'll-sume science with Gcoyrap/ilo lus iniiy a])peare by sundry treatises meerely 
Geographical!, yet intituleil by the name of Co<mof/rtiphic* 

Tho diilbreiu es held by IHolemy to distinguisli geography Jrom cliorography 
Carpenter shows to bo merely accidental, not essential, and as to geography he says 
‘It 13 properl}' tearined a Xcn 7 nv>, because it proposeth to it solfo no other end but 
knowledge; whereas those faculties are commonly tearmed ^l>7.s-, which arc not 
contented with a hare knowledge or speculation, hut are directed to some farther 
W'ork or action. Ihit here a doubt seems to arise, whethm* this tSciemv be to be 
esteerael Phtfsi aV or Mai hanaf kail? Wee answer, that in a Science two things 
are to bee considered: liivt, the inatta* or oh*p‘ct whereabout it is conversant ; 
secondly, the mannrr of handling and explication : I'nr thi^ former no doubt can 
bee made but that the ol)j»*ct in Gcoifraphie is for thi; most part P/ii/sicall con- 
sisting of the parts whereof tho Spheare is composed; hut for the manner of 
hiXplication it is not paro hut mi.rl; as in the formtu* ]>art Mat/iomaticaU^ in thi! 
second rather Jikfortvall ; whence? the whoh? Scienci* may ho alike tearmed both 
Mathcmutkall Htilon'call; not in respect of the ,W>yV'c7 which we have said to 
be Phym'ull hut in the manner o{ E.vplir til km, ‘ 

Although soumwhat difUiso in expresrion, the meaning of thiise statements is 
clear and sound, and totlu? llritish ])ulnic as now now as it was in the days of King 
Charles. The book treats of mathematical geography and cartography, of 
magnetism, climates, the nature of place.s, of hydrogi'aphy, including the sen, 
rivers, lakes and foniitains, of inouiitaiiis, valleys \iik 1 "woods, of islands and 
continents, and at considerable length of people and the way in wbicli they are 
influenced by the land in which they live. Whether Dr. Carpenter lectured on 
greography in Oxford I do not know, but lii-s book mii.^t have ac(]uired a certain 
currency, for a st'cond edition appeared in and it seems pnibable that it was 
known to Vareniu-s. 


Viurnivfi and Nfunlnii, 

Vareniiis, a young man who died at twenty-eight, produced in Latin a single 
small volume published in KioO, wliich is a. niodid of conciscne.‘«.s of expression and 
logical aiTangement well woi thy even now of literal translation into J^Jnglish. 8o 
liighly was it thought of at thr lime that Sir Isuju; Newton brought out an 
annotated J>alin edition at f -am bridge in 107:3.' 'J’he* opening definition ns 
rendered in the English translation c/f 1700 (a work spoilt iu most places by a 
parasitic growth of notes and interpolations) runs: — 

‘ Gt*ograpliy is tliat ])art of iiii.rHl mnthi‘))nUit\< which e.Y])lains the state of the 
Earth ?nd of it.s parts, depending on (niaiitity, viz., its figure, place, raagnitiido 


* -Diigdale, in tho introduction to the English translation published in 1733, 
stales explicitly that Newton produced his version for the benefit of the students 
attending his lectures ‘ on the same subject’ from the iaicasian chair; but we have 
been unable to find any more satisfactory evidence that Newton actually lectured on 
Geography at Cambridge. 
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and motion with the celo»stiiil appearaiicen, &c. 15y .-some it is taken in too 

liinitud a sense, for a hare description of the several countries ; and by olliers loo 
extensivcdy, who along with such a description would have their political 
constitution.’ 

Varenius produced a framework of Physical ( Jeography capable of including 
new facts of diecovery^as they arose, and it is no wonder that his work, although 
but a part, rule^ unchallenged as the standtard text-liook of pure geography ff>r 
more than a century, lie laid stress on the causes and effects of phenomena as 
well as the mere fact of theii'j occurrence, and he clearly recognised tluj vast 
importance upon different distributions of the vertical relief of the land. He did 
not treat of human ndalions in geography, but, iindiu* ])rotest, gave a scheme for 
discussing them as a concession to popular demands. 


Kant. 

As Isaac Newton, the matlunnaticiun, had turned his attention to geography at 
(yamhridge in the earlier part r)f the. eighteenth century, so Immanuel Kant, tlio 
philosopher, lectured on the same subject at Kdnigsberg in the later part. Tlic 
fame of Kant as a uietapliysicinn lias defrauded him of much of the Iionour that 
is his due as a man of science. As Professor llastie puts it: ^ His earlier 
scientific work, like an inner planet merged in light, was thus almost entirely lost 
sight of in the blaze of his later pliilosnpiiical splendour.’ 

Kant, it will be reuienibered, considered that the communication of experience 
from one person to another fell into two categories, tlu^ historical and tlie 
geographical: that is to say, descriptions in order of lime or in order of space. 
The science of geography he considered to be fundamentally physical, hut physical 
geography formed the introduction and key to all other possible geographies, of 
which he emmiernted live : maf/tf*maiira/, conceviu'd with the form, size, and 
movements of tlm Earth and its place in the solar system ; morale taking account 
of the customs and characters of iiiunkind according to their ])hysical surroundings ; 
pulitical., concerning the divisions of the land into tlie territories of organised 
governments ; mercantih^f or, as we now call it, commercial geography ; and 
theoloyicat, which took accollnt of the distribution of religions. It is not so much 
the cleavage of geography into five hruiiches, all springing from physical geography 
like the fingers from a hand, which is worthy of remai’k, hut rather the recogni- 
tion of the iiiteracti()n of the conditions of physical geography with all other 
geographical conditions. Thi? sclierae of geography thus acquired a unity and a 
flexibility which it had iu»t previously attained, but Kant’s views have never 
received wide recognition. If liis geographical lectures have bi‘en translated no 
English or French edition ha.s come under my notice, and such currency as they 
obtained in Germany was checked by the more concrete and brilliant work of 
Humboldt, and tlie teleological system elaborated in overwhelming detail by 
Hitter. 

The teleological views of Hitter were substantially those of Taley. The world, 
ho found, fitted its inhabitants so well that it was obviously made for them down 
to the minutest detail. The theory was one ])ecnliarJy acceptable in the early 
decades of. the niiieteeiitli century, and it bad the immensely important result of 
leading men to view the J^arth as a great unit with all its parts co-ordinated to 
one end. It gave a philosophical, we may even say a theological, character to the 
study of geography. 

Kants views had pointed to such a unity, hut from another side, iliatof evolu- 
tion. It was not until after Charles Darwin had fully restored the doefrine* of 
evolution to modern tJiought that it was forced upon thinking men that the fitness 
of the Earth to its inhabitants might result not from its being made for them, but 
from their having been shaped by it. It is certain that the influence of the 
terrestrial environment upon the life of a people has been carried too far by some 
writers — by Buckle, in his * History of Civilisation,’ for example — but it is no 
less curtain that this infiuenco is a potent one. 
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The Nature of Geograithy. 

Granted that such influonce is exerdsed, some objectors may urge that geography 
has nothing to do with the matter, and we are compelled to acknowledge that the 
meaning and contents of geography are in this country as variously interpreted ns 
the colour of the chameleon in the travellers tale. Yet nly thesis is that it is 
just this relation between the forms of the solid crust of the Earth and all the 
other phenomena of the surface that constitutes the very essence ol geography. 

It is a fact that many branches of the study of tin* Earth’s surface which were 
included in the cosmography of the sixteenth century, the ph^'siography of Linnaeus, 
the physical geography of Humboldt, and perhaps even the Erdkunde of Ritter, 
have been elaborated by specialists into studies which, for their full comprehen- 
sion, require the whole attention of the student. Geology, meteorology,, oceano- 
graphy, and anthropology, for example, have been successively specialised out of 
geography ; but it does not follow that these specialisations fully occupy the place 
of geography, for that pluco is to co-ordinate and correlate all the speciaLfacts 
concerned so that they may throw light on the plan and the processes of the 
Earth and its inhabitants. Geography is concerned with the results, not with 
the processesof the special science.^, and the limits between geography and geology, 
to take a single instance, are to ho drawn, not between any one class of phenomena 
and another, hut between one way and another of marshalling and utilising the 
samtj facts. 'Hiis was clear to Carpenter in 10:?o, though we have almost forgotten 
both it and him. 


llie Principles of Geography. 

TIic principles of geography — the ‘plcamnt principles,’ to use the phrase of old 
William Cuningham in ^on which its claims to status as a scisnee rest are 

generally agreed upon by modern geographers, though with such variations as 
arise from dilferences of standpoint and of mental process. The evolutionary idea 
U unifying geography as it has unitied biology, and the whole complicated subject 
may bo presented as the n.'sult of continuous ])rogressive change brought about and 
guided by the iiitluenco of external conditions. These views have been often 
t?x])ressed in recent years, but they do not seem fo have been very seriously 
con.‘ii(lered, and no f-xcii.-ie need he oifered for presenting them once more, though 
in an epitome curt to baldness. 

Tin* science of geography is of cour.so based on the mathematical properties of 
a rotating s]»here ; but if we define geography a.s the exact and organised knowledge 
of the distribution of plienomeiia on the surfuct? of the Earth, wo see the force of 
Kant’s classification, which subordinated mathematical to physical geography. 
The vertical reli»*f of the Eurth'.s crust shows us the grand and fundamoDtal contrast 
Ijetweeu the oceanic liollow and the continental ridges; and the hydrosphere is so • 
guided by gravitation as to fill the hollow and rise upon the slopes of the ridges 
to a height depending on its volume, thus introducing the great superficial separa- 
tion into land and sea. Tin? movements of the water of the ocean are guided in 
every particular by the, relief of the sea-bed and the configuration of the coast lines. 
Even the distribution of the atmosphere over the Earth’s surface is affected by the 
relief of the crust, the direction and force of the winds being largely dominated by 
the form of the land over wliich they blow. The different physical constitution 
of land, water and air, especially the great difference between the specific heat and 
conductivity or diathermancy of the three, causes changes in the distribution of the 
sun’s l^eat, and ns a result the simple climatic zones and rhythmic seasons cf the 
inatliematical sphere are distort (*d out of all their primitive simplicity. The whole 
irregular distribution of rainfall and aridity, of permanent, seasonal and variable 
winds, of sea-climate and land climate, is the resultant of the guiding action of 
land forma on the air and water currents, disturbed in this way from their primitive 
theoretical circulation. So far we see the surface forms of the Earth, themselves 
largely the result of the action of climatic forces, and constantly undergoing change 
in a definite direction, controlling the two great systems of fluid circulation 
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These in turn control the distribution of plants and animals, in conjunction with 
the direct action of surftice relief, tlie natural regions and climatic belts dictating 
the distributiofi of living creatures. A more complicated state of things is found 
when the combined physical and biological environment is studied in its incidence 
oil the distribution of the human race, the areas of human settlement, and the 
lines of human communications. The complication arises partly from the fact that 
each of the successivt? earlier environments acts both independently and collec- 
tively ; but the^ilficulty is in greater degree due to the circumstance that man 
alone amongst animals is capable of reacting on liis environment and deliberately 
modifying the conditions which control him. 

It seems to me that the glory of geography as a science, the fascination of 
geography as a study, and the value of geography in practical allairs are all due 
to the recognition of this unifying influence of surface relief in controlling, though 
in the higher developments rather by suggestion than dictation, the incidence of 
every mobile distribution on the Earth’s surface. 


The damnification of Geography, 

Following out this idea, we are led to a classification of the field of geography 
in a natural order, in which every department arises out of the preceding with no 
absolute line of demarcation, and merges into the succeeding in the same way 
This classification, it is necessary to note, is not like a series of pigeon-holes, which 
may be placed in any arbitrary order, hut like a chain, in which the succession 
of the linKs is essential and unalterable. 

Since form and dimension are the first and fundamental concepts in geography, 
the first and basal division is the Mathematical, 3Iatliematical geography leaves 
the Earth as a spinning ball lighted and warmed according to a rigid succession of 
diurnal and annual changes. This merges into the domain of Physical Geography, 
which involves the results of contemporary change in the crust and the circulation 
of the fluid envelopes, with the resulting mod iti cat ions in the simple and pre- 
dictable mathematical distributions. This division fulls naturally into three parts : 
Geomorphology, dealing with the forms of the solid crust and the changes they 
are undergoing at the present time ; Oceanography, dealing with the great masses 
of water in the world; anck Climatology, dealing with the efiects of solar energy 
in the air. But all three spheres — lithosphere, hydrosphere, and atmosphere — are 
so closely inter-related that no one of them can be studied without some preliminary 
knowledge of the others. This forms the largest and most important part cf 
geography, more varied and intricate than the mathematical, better known and 
more definite than those involving life. 

Bio-geography, the geographical distribution of life, arises directly from physical 
geography, which dominates it, hut it is full of .complex questions which involve 
the biological nature of tlie organism and the influence of physical environment, 
in which geographical elements, although predominant, do not act aloiu\ Difficult 
as some of the problems of the distribution of life are at the present day, the 
remains of living creatures found fossil in the rocks, and the survivors of andiaic 
forms still lingering in remote islands, supjdy us with our only instrument of 
research into the geography of past ages, often making it possible to lay down 
the areas of land and water in earlier geological periods. 

The relation of man to the surface of the Earth detaches itself from the rest of 
Bio-g^ography by the number of exceptions to general laws of distribution and by 
the human power of modifying environment. It lias necessarily been formed into 
a special department, Anihropogeography, In primitive man the control exer- 
cised by environment is nearly as complete and simple as in the case of tlifi lower 
animals ; but with every advance in culture fresh complications are introduced. 
The relation of people to the land they inhabit, the choice of sites for dwellings 
and towns, the planning and carrying into efiect of lines of communication, are all 
obviously much under the control of land form and climate. When people get 
settled in a favourable position they usually become attached to it ; they acquire, 
one may say, the colour of the land, in modes of thought as well as in manner of 
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lift'. The poems of Ossian niid the CrofI or (iiiosUoii require for their eliiridation 
a knowledge of the geographical rbnditions of the Wt'storii llighlaiids^ just as 
the llorder ballads and the Border raids were largely conditioned by the geo- 
graphy of the Southern Uplands. 

Attach.inent to the native valley or the native fields leads to the holding of 
land by clans or tribes and the fusion of tribes into nations, while changes in 
physical conditions stimulating migration from a deteriorating country may lead 
to tlio invasion of settled territories by homeless hordes. L*ere Anthropo- 
geograpliy buds oil* the subdivision of Political Gifof/rapJnjf which takes account 
of the artiiicinl boundaries separating or subdi\iding countries, and of tlie in- 
numerable artifu'ial restrictions and ameliorations which are superimposed on 
the natural barriei*a and channels of intercommunication. Even in political 
geograph}' only a humble place is hold by a statement of boundaries and capitals, 
to lists of which the great name of Geography has actually been confined by people 
wdio ought to have known better. 

Anthropo-geograpliy views the world from the standpoint of the race, political 
gt‘Ograpliy from the standpoint of the nation ; but room has to bo found for a yet 
more n‘stricted outlook, that of the individual, whoso view of the world ns it 
profits himself is known as commercial geography, 'fliis department deals with 
natural commodities and their interchange, and perhaps because here rather than 
in the otht'r departments a successful comprehension of the inter-relation of cause 
and ellect may be, in tlie langiiagt* of the s(?hoolroom,‘ reduced to pounds, shillings, 
and p(*iice,*the name of Applied (leography has been proposed. It fitly terminates 
our survey of the science, for the dickering disturbances of the equilibrium of 
supply and demand known siiimltaneously over the whole world, and the slower 
movements of transport to rt*store equilibrium, are still far from the pow(?r of 
scientific previ.sion, and all we can do at present is to point out certain clear lines 
of least resistance, or greatest advantage, due to the interactions of natural and 
human causes and effects. 

To sum up in a sentence tlie field and the function of geography in the broad 
inajesty of its completeness, we may say that it is the description of the surface 
of the solid IJarth as it is in itself, as it acts upon the ocean, the air, and the living 
things which inhabit it, and as it is affected in turn by their actions. 

Geoffraphy and the State. 

Viewed thus f believe that geography will be found to afford an important clue 
to the solution of every problem aflV'cting the mutual relatioiis of land and people, 
enlightening the course of history, anticipating the trend of political movements, 
indicating the direction of sound industrial and commercial development. 

It would be possible, unfortunately it would be easy, to enumerate misconcep- 
tions of liistory, blunders in boundary settlements, errors in foreign policy, useless • 
and wasteful wars, mistakes in legislation, failiiK's in commercial enterprise, lost 
opportunities in every .s])hpre, which are due to the neglect of such a theo- 
retical geography. »Surely it is to the laws defining the intm’action of Nature 
and Mail that we sliould turn for guidance in such aflairs, rather than to the dull 
old British doctrine of * muddling through.' That vaunted process after all means 
that we are driven by stress of facts to do without intending it or knowing how, 
and at inimense expense, the very things that intelligent study beforehand would 
liave shown to be necessary, feasible and cheap. 

All this has been urged again and again, and it has fallen on the ears of 
those authority ‘ like a tale of little meaning thougli the words are strong.’ I 
arfrait that all advocates of a rational geography have not escaped the danger of 
the special pleader — they have promised too much. If a Government official were 
to say, ‘ Yes, I confess there was a mistake here, tlm affair was managed badly, 
much money arid some prestige were lost ; it must all be done over again ; please 
tell itie how,' I am afraid that the chances are that the answer would be vague, 
general and unpractical. If the answer to this boldly hypothetical question is ever 
to be clear and definite, geography must be studied as it lias never yet been studied 
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in thia countiy. It must pass beyond the stago of a recreation for retired olfieers, 
colonial officials, and persons of leisure, and become the object of intense whole- 
hearted^ and Anginal study by men of no h3ss ability who are willing to devote, 
not their leisure, but their wliole time to the work. The object of geographical 
research should be nothing leas than ihe demonstration or refutation of what 
we ‘claim to be th(‘ central principle of geography — that tlie forms of terrestrial 
relief control all mobfte distributions. 

• 

A JWnjprtpfl itmtjrapldcal DeRcrijtlLon, 

In order to focus tlie question it may bo convenient to consider the geography — 
or chorography, as Ptoleiiiy would have termed it — of llie llritish Islands. No 
author has ever attempted to give such a description. Camden’s ‘Britannia' 
was 8wami)ed by arcLaiology ; tlie county bistories, which are certainly not deficient 
ill number, Avere wrecked outward bound on the harbour-bar of genealogy. Sir 
John Sinclair’s old ‘New Statistical Account of Scotland’ in the intelligent utilisa- 
tion of very incomplete data wa.s a great but solitary stride in the right direction. 
Bartholome\v’.s great ‘ Atlas of Scotland * supplies the cartographical basis for a 
modern description of the northern kingdom ; hut the description itself has not 
been undertaken on an equal .scale. "I’he work of producing a complete geo- 
graphical description of tlie Britisli Islands would bo gigantic, but not hope- 
lessly difficult. 

T1i( 3 material lias been collected at an enormous expenditure of public money, 
and is stacked more or less accessibly, much of it well-seasoned, some 1 fear spoilt 
by keeping; but there it lies in overwhelming abundance, heaps of building 
materials, imt requiring the labour of the builder before it can become a building. 

TJieve is first and clutd’ llio Ordnance Survey, one of the grandest pieces of work 
in mathematical geography that lias evm* been accomplished. The result is a 
series of maps almost as perfect as one can expect any human work to be, showing 
in a variety of scales from ^ of an inch to :>r> inches to a mile every feature of the 
coufigurution of the land — exctJpt the lake-beds. 

There is next the hydrographic survey by the Admiralty, giving every detail 
of the subaqueous configuration in and around our islands — except the lake-beds. 

Th(;se two great siirvejw supply the basis for a complete description of the 
British Islands, and the geological survey, which in a sense is more elaborate than 
either of the others, completes the fundaiiieutal part. The geological maj) makes it 
j)ossible to explain many of the forms of tlie land by I’eb'rring to the structure of 
the rocks which compose them. Both the g(‘ological and hydrographic surveys 
are accompanied by memoirs describing the ft*ature.s and discussing the various 
questions arising from the character of each sheet; but there is nothing of tlie 
kind for the maiis of the ordnance survey. 

The ordnance maps show at the date of their preparation the extent and also 
the nature of the Avoodlands and moorlands, and this information is supplemented 
by the lleturns of the Board of Agriculture, which each year contain the statistic.s 
of farm crops, waste land, and livestock lor ev ery countv. Th(*se returns are 
excellently edited from tlie statistical point of view, but they are not discussed 
geographically. It is easy to see in any year how mucli wheat is raised in each 
county, but it is a slow and laborious process to discover from tlie Returns Avhat 
are the chief wheat-growing areas of the country. The county is too large a unit 
for geographical study, as it usually includes many types of land form and of 
geological formation. Before the distribution of crops can be understood or 
compared with the features of the ground they must be broken up into parishes, 
or even smaller units, and tlie results placed on maps and generalised. The vast 
labour of collecting and printing the data is undertaken by Government, and 
paid for by the people without a murmur, but the geographer is left in ignoi*g,iice 
for the want of a comparatively cheap and simple cartographic representation of 
the facts. 

The Inspectors of Mines and the Board of Trade publish statistics of the 
industry and the commerce of the country, statistically excellent, no doubt, biihiii 
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most cases lackinf^ the cartographic expression which makes it possible to take in 
the general state of the country from year lo year. The same is true of the 
liegistrar-Generals lieturns of births, marriages, and deaths, in .themselves an 
admirable epitome of the health conditions of the country, and of the fluctuations 
in population, but limited by a narrow specialism to the one purpose. 

iMnalJy and chiefly we liave the Census lleports. Once in ten yearS'^tho 
people are numbered and described by sex, age and occupn-tion. The inhabited 
houses are numbertjd, and the smaller dwellings grouped according to size. The 
tigures are most elaborately classitied and discussed, so as to brins-'out the distri- 
bution of population, and its change from the previous decade. Jlut to the 
geographer the Census Keports are like a cornlield to a seeker of bread. The 
grains must be gathered, prepart^d, and elabt)rared before the desired result is 
obtained. Nowhere is the cartographic method more useful than here. It is 
a striking contrast to turn to the splendid volumes of the United States Census 
Reports, many of them statistically inferior to ours, hut thickly illustrated with 
maps, showing at a glance the distribution of every condition 'which is dealt 
with, and enabling one to follow decade by decade the progressive development 
of the country, and to study for eacli census the relations between the 
various conditions. 

These are only a few of the statistical publications, produced by Government, 
and embodying year after year a mass of conscientions labour, wliich, save for a 
few specialists who extract and utilise what concerns themselves, is annually 
‘cast as rubbish to the void.* 

One small department supported by public money, but under iinoflicial 
direction, may be referred to as an example of the siiccossful employment of 
cartographic methods. This is the Meteorological Council, appointed by the 
Royal Society, and charged w’ith the collection of meteorological data ancl the 
publication of weather reports, forecasts, and storm warnings. The maps 
published twice daily to show the distribution of atmospheric pressure and tempe- 
rature are only rough .sketches and very much generattsed, yet they serve tlie 
purpose of ])resenting the facts in a graphic form, yielding at a glance information 
which could only be extracted from tables by long and laborious eflbrts. The 
pilot charts, published monthly by the same department, showing the average 
conditions of air and sea over the whole North Atlantic, and the occasional 
atlases of oceanographical data are valuable geographical material. 

Tlio official work of Government is supplemented by the voluntary labours of 
many societies, in whose Transactions much valuable material is stored, and in 
not a few cases is well discussed. Rut even with these supplements gaps remain 
which must be filh*d by private enterprise before a complete geographical descrip- 
tion can be compiled. 

Considering the Ordnance Survey alone it is much to be regretted that cir- 
cumstances have prevented the extension of the survey to the lake-beds, whatever 
reason may be assigned for the omission ; yet such is the fact. The directors of tlio 
Survey have, however, shown themselves ready to encourage private workers by 
placing the data presented by them upon the maps with due acknowledgment. 

The Survey of the Lnkefi. 

It is with profound satisfaction that I now make an announcoment-^by special 
favour the first public annoimcenient—of a .scheme of geographical research on a 
national scale by private enterprise. Sir John Murray and Mr. Laurence Pullar 
have resolved to complete the bathymetrical survey of all the £resh-water lakes 
of the British Islands. INIr. Laurence Pullar will take an active part in the pro- 
posed survey, and has made over to trustees a sum of money sufficient to enable 
the investigation to be commenced forthwith and to be carried tlirough in a 
comprehensive and thorough manner. It is intended to make the finished 
work an appropriate and worthy memorial of Mr. Piillar’s son, the late Mr. 
Pred Pullar, who had entered enthusiastically upon the survey of the lochs of 
Scotland, and whose heroic death while endca'Vouring to save life in Airthrey Loch 
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last February must be present to the memory of many of you. Large sums of 
money devoted in good faith to scientific purposes do not always bring about the 
wisbed-for result ; but in this case there is no room for anxiety on that score. 
Sir John Murray, with whom Mr. Fred Pullar had worked for several years, has 
generously promised to direct the whole scheme, and to be responsible for carrying 
it ^ut. All the lakes of the British Islands will be sounded and mapped as a 
preliminary to the A)mplete limnological investigation which is proposed. The 
nature of the (Jeposifs, the chemical composition of the water and its dissolved 
gases, the rainfall of the drainage areas, the volumes of the inflowing and out- 
flowing streams, the fluctuation ; in the level of the surface, the seasonal changes 
of temperature, and the nature and distribution of aquatic plants and animals will 
all receive attention. The geologiciil history of the lakes may also be enquired 
into with reference to such points as the growth of deltas, the erosion of the 
margins, and, perhaps, the conditions of the old dead lakes that are now level 
meadows. 

Five years at least will be required to make these observations and to in- 
corporate them in memoirs, each of which will be a complete natural history 
of the lakes of one river basin. The proposed work wants more than money, 
directidn and time. It requires the services of several young and enthusiastic 
workers — preferably men who liave completed their University course and are 
anxious to devote some time to research. Sir John Murray and Mr. Pullar 
wish to meet three or four capable young fellows, one preferably a chemist, 
one a geologist, one a botanist, mid one a zoologist. When found they will 
be oflered a salary sufficient to enable them to give their whole time to the 
work, but not large enough to induce anyone who has not the love of science at 
lieart to take it up. From my experience when working in souiewliat similar con- 
ditions at the Scottish Marine Station seventeen years ago, I can promise those 
wlio will have tlio good fortune to be selected plenty of hard work for which 
they will get the fullest credit — and this they will appreciate more keenly when 
they come to know the world better — and I can promise them also in their 
association with Sir John ^Murray a course of scientific and intellectual training 
such as even the universities do not afford. 

*f)ther Desirahle Surveys, 

The Geological Map requires to he supplemented by additional work on the 
nature of the superficial soil as it affects agriculture, such as is expressed in 
the Cartes agrqnomiques of France, going more fully into the chemical nature of 
the soil than is possible on the Drift 3raps of the Survey which so usefully supple- 
ment the maps of solid geology. Such experiments as have been made at the 
College at Reading in collecting analyses of the soils in the neighbourhood might 
very well be carried out at the agricultural colleges and other centres all over the 
country. 

Of equal value, though, ])erhaps, more obviously so to the scientific than to 
the ‘ practical * man, is the study of the natural vegetation of the country. In a 
highly cultivated land like ours there are comparatively few places where the 
native flora remains in possession, but the mapping of the main crops which have 
supplanted it is nearly as useful. To become satisfactory from this point of view, 
the statistics of the Board of Agriculture ought to be* supplemented by surveys 
made by trained botanists on the ground. A valuable heginniug has been made 
under the ever-fertile stimulus of Professor Patrick Geddes in the two sheets of a 
map of the plant-associations of Scotland compiled by the late Robert Smith, 
whose premature death last year was a loss to science. It would be a splendid 
thing if tbis map could be finished as a memorial to the brilliant young botanist in 
the same way as the survey of the lakes is proposed as a memorial worthy of 
Fred Pullar, and I am glad to learn that there is some probability of it being 
carried on. 

Of all the other distributions which might be worked out cartographically 
time fails us to speak ; but reference must be made, however briefly, to a few. 

1901. 3 A 
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Geography of the Air, 

With rop^nrd to 3Joteovolopfy, tlio distribution of lemperatiiro and pfessiti’e 
over the British Islands for tiu' yt^ar and for th(3 separate months liave been 
•worked out by the exporienced liand of Dr. Buchan and published botlu in 
separate memoirs and in the * Meteorological Atlas/ edited by Dr; Buchan 
and Dr. Tlerbertson. But sueli observations as tlio degree of cloud or of 
sunshine 4*aii as yet be tivated only in a superficial and gener.<lised way for 
want of data. Perhaps the most, important and certainly the most diilicult of 
all the atmosplieiic conditions in discuss fully i.s jnecipitation. It depends on so 
many varying conditions, .such as the form and exposure of the laud, the altitude 
above sea-level, the direction and force of the wind, the relative frequency of 
thunderstorms, the di-stanoe from the sea, the direction of the average patlis of 
cyclonic storms, &c., that far more numerous and more long-eontinued observa- 
tions are retjuired to establish the normal condition of the country than in the 
case of either temperature or ])ressure. AVhen we reflect that tlie whole water- 
supply of the country depends directly on rainfall, unci when we remember that 
the value of water-power made available by differences of level promises to be 
greater in the future than it has been in the past, wo can .see tliat a study of 
rainfall in conjunction with configuration may prove as valuable for the. localisa- 
tion of the manufacturing centres of the future as the geological survey was for 
those of the present. 

Thanks to the remarkable foresight and the untiring exerfions of the late 
^fr. Symons, the volunteer rainfall observers of this country luive been encourag(‘d 
to organise their efforls, and by working on a common plan hav(* accumulated 
within the last forty years a ma.ss of observations unrivalled for number and com- 
pleteness in any other land. But as yet the dilUcultics in the way of constructing 
a map of normal rainfall on an adequate .scale have not been overcome, and much 
experimental work will probably be necessary before it can be accompli.slied. To 
this task it is my ambition tr) devote my.self. I may be permitted to slate that 
Scotland is far behind Knghind or Wales in the number of rainfall stations j)er 
square mile. Thus tliere is, rouglilv, one* rain -observing .station for every 
.•square miles of England, one for every .‘10 square miles of Wales, but only one 
for every fi7 .square miles of Scotland, and one for ^every 170 square miles of 
Ireland. 

Rainfall observations only tell the amount of available water ; tlie con- 
figuration of the stream-beds must be considered in determining water-power. 
The only country I know where the hor.s«-power of the rivers has been measured 
and raappivl is Finland, but of cour-^e individual rivers, such as the Mississippi, 
Rhine, Seine, and Tliame.s, have been thoroughly studied. Before nuiny d(?cades 
have passed it will be a noce.ssary element in the surveys of all countries, though 
at present the availaVile data are few and scattered. 

Pojmlation Ma2JS, 

In con.sidering human geography -we come to the most interesting and least 
occupied field of research. Until Mr. Bosse constructed his l)eaiitiful maps of the 
density of population of Scotland and England we had absolutely no carto- 
graphical repre.sentafion of the true distribution of people over the land. To map 
population by counties gives a very poor idea of the truth, for in such counties .*is 
Yorkshire or Perthshire there are large areas entirely without inhabitants, and 
small areas where the population is very den.'*©. Mr. Bo.s.se’s map.s were made on 
the*^ principle of leaving blank all the land on which there were no dwelling-houses, 
and so obtaining a close approximation to the true density of population of the 
inhabited area. For Scotland his map shows at oni*e that it is a function of 
configuration. It shows the densely peopled lowland plain, the less densely 
peopled coast-strip surrounding the country, and tlie least densely peopled valleys 
running inland into the great uninhabited areas. The population map of England, 
on the other hand, shows an absolutely startling relation to the geological structure, 
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which in turn is closely related to the configuration. AV^e are not astonished to 
seci the centres of densest population coinciding with the Coal Pleasures, but it 
is both surprising and instructive to st^e liow tlie density of population runs 
parallel to the strilce of the Secondary and I'eitinry rocks of south-eastern 
England, a hand of the lightest population following each outcrop of chalk and 
limestone, a hand oftlense population following each hfdt of sandstone or clay. 

Antliropo-geography teems with fascinating subjects of research. The admi- 
rable investigiftions in the West of Ireland on the pliysical anthropology of the 
people might well he (intended to the whole country outside the great towns, 
where all evidence of place of origin and original character is speedily lost. Good 
work has been done in thi.s way by the Kthnogi'aj)]iic Survey ])romoted by a 
committee of this Association, and a committee of the Royal Scottish Geo- 
graphical ScHuety has rendevtMl great aid to the Grdnaiice Survey in the cognate 
study of the place-names of Scotland. 

The distribution of religion, ev(‘n in tlie tliree lyj)ical forms of Anglican, 

Ihvsbyteiian, and Roman (Catholic- forms so typical as to he, broadly sjieaking, 

national — is most im])erlectly known. The object it)n to a religious census is one 
whieh is somewhat difiicult of comprehension in Scotland, and - too ])oh‘mic for 
sober discussion in England. Rut a few of the probltnns are worth being worked 
out by Individuals. The curious islands of Roman Catholic continuity in T.auca- 
shire, the Ht'brides and tb« Highlands can probably be related simply enough to 
tin* coidigurafion of the couiitrv and the means of communication as inlluencing 
free movement of peo])le at critical period-* of liistoiy. There are many inter- 
esting points as to the gc'ographical distribution of surnames, the relation of 
cluiracteristic Iit('ratur(‘ or poetry to .specific areas : thing-s small in themselves, but 
capablo of e.xercdsing very far-reaching intiueiice if systematicnlly worked out. 


OcoffraphimJ Syn //tests. 

Granted that the subsi<liarv surveys have been made and the results put in a 
strictly comparable fortn, the eenti al problem remains — t he synthesis of the complete 
geography of the country. This can perhaps bo solved b(‘st by comparing the maps 
of the various distrihution^ in the proper order, and seeing how far they are 
related to one another. I'or the general discussion the Ordnance Nlap on the 
scale of i inch to a mile slu)iild ho used, and each natural region ought properly to 
be treated by itself, but as a matter of practical convenience it would probably be 
found best to select eitlum the artificial boundaries of counties or the still more 
arbitrary lines bounding sheets of the map. AVluitever small area is takeii as 
the unit of description, it should he treated in such a w\ay as to seek for and prove 
or disprove the existence of any contml exercised by the form of tlje land and its 
geological character on the outcrops of iJie rock-s, the nature of the soil, the course 
of the rivers, the temperature and movi'mentsof the air, the rainfall, the vegetation 
and agriculture, the distribution of populatitm, the sites of towns, villages, and 
isolated dwellings, the roads, railwiiys and harbours, the birtli-ralo and death-rate, 
and oil tlie progressive clianges in all these conditions whicJi art' shown in the 
discussion of the statistics collected annually or decennially. When such unit 
areas are worked out individually the results can easily be combined and condensed 
into a goograpliical description that will be com])letc, well balanced, and sym- 
metrical. The work is practicable ; it require.^ onh’ tiiii(‘, money, direction and 
workers to carry it out ; but although a specimen memoir, prepared by the 
authority of the Royal Geographical Society', met with a certain measure of 
approval, all attempts fiiiled to obtain funds for nuikiiig the work complete, atid 
the scheme must await a inon* educated genera tiim before it can be profitably 
revived in its entirety'. IMeaii while this lield for geographical study .and 

research lies at the doors of every university where the subject is or may be 
recognised, and the labours of professors and students might be proiitably 
directed to the completion of sucli memoirs for the surrounding district, gradually 
working further and further afield. The idea is no more new than every other 
thing under the sun.’ Such exercises, not so elaborately planned, but the same 

3 A 3 
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in essentials, were ordinary subjects for theses in the universities of Sweden and 
Finland durinj? the eighteenth century. To come nearer home, tlio local handbooks 
prepared for successive meetings of the British Association are frequently very fair 
examples of the geographical description of a district. The essential qualities are 
rart'i* in guide-books, but we must not forget one brilliant exception, the poet 
W ordsworth’s ‘ Guido to the English Lakes.’ 

It is pleasant to hear that through the encouragement of Sir John Murray th(* 
Scottish Natural History Society is taking up the systematic study df the basin of 
the Forth, and they will, 1 feel sure, give a good account of their labours. One 
point which must be very strongly emphasised is that a geographical treatise is 
distinguished from a jumble of facts mainly by the order and proportion in which 
the phenomena are dealt with, and by the relation of cause and eilect that is 
established between tliem. 

As to the utility of complete geographical descriptions, we must of course 
recognise their greater practical importance in new and developing countries than 
in old lands like our own. Yet even with us the study of the distribution of 
natural resources may suggest important changes, involving great redistributions 
of population. 

A Oeographicaf^ Warmuff, 

Hitherto, except as regards exploration and cartography, the position of 
geograpliy in this country has never been satisfactory. Times are changing, and even 
in exploration we are now only one amongst many rivals, often better equipped by 
education, usually in no way deticient in daring. Altliongh the best work of 
several of our cartographers in Edinburgh and London need fear no comparison, 
we cannot conceal the fact that Germany leads the world in map-making. As 
regards the recognition or even the comprehension of geography by the State, by 
the universities and by the public, we are equally far beliind our neighbours across 
the North Sea. 

It has sometimes been hinted that the study of geography has been deliberately 
discouraged by politicians or by merchants because too much knowledge on the 
part of the public might embarrass foreign policy or lead to mercantile competi- 
tion ; but we surely cannot entertain such unworthy suspicions. I am inclined to 
attribute the neglect of the subject merely to ignorance of its nature due to 
imperfect education. 

Two cases in which the application of geography to political and practical 
aflairs suggests a definite course of action may be mentioned as examples. There 
is still one important colonial boundary entirely undoliniited in a region somewhat 
difhcult of access and still little known, whore goldfields will probably be found 
or reported before long, and where a very serious international question may 
suddenly arise in a part of the world absolutely unsuspected by most people, even 
amongst those who interest themselves in general politics and in colonial aflairs. 
It would cost a comparative trifle to survey the region in question, and to lay 
down that boundary line before the goldfields are touched, so that no international 
trouble could ever arise. What it may cost to postpone the matter until claims 
have been pegged out on debatable land, the i^ritish Guiana and Venezuela 
arbitration, the Alaska difilculty, and South Africa are there to tell us. It would 
be interesting to calculate, now that the cost of a week of fighting is known, the 
saving in pennies on the income tax that would have accrued from a survey of 
South Africa if that had been carried out as an imperial duty when Cape Colony 
was settled. I do not for a moment suggest that a survey would have prevented 
the wal* ; but it is not unreasonable to believe that it would have shortened it by 
some months. In this connection it is satisfactory to know that a valuable report 
has Ijeen drawn up by a Committee of the British Association, presided over by 
Sir Thomas Holdich, embodying a scheme for the systematic survey of British 
protectorates. 

The second example comes nearer home. The utilisation of wind- and water- 
power must increase in importance as mineral fuel diminishes in amount or 
increases in price. Wind- and water-power will never fail as long as the sun shine.s 
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and the land remains higher than the sea ; but what may fail unless timely pre- 
cautions are taken is the power of utilising them for the benefit of the community 
at large. A*re the existing laws as to water-rights, and the absence of laws as to 
the utilisation of wind desirable and satisfactory ? The usual answer to such 
questions is, ‘ Why trouble about that just now ? These matters are not urgent, 
oflier things are.’ That argument is answerable for many disasters. The inevit- 
able is ill many if Ait in most cases simply another name for the unforeseen. It 
is inevitable Jhat the country will be impoverished if the utilisation of wind- and 
water-power and the transport of that power by electricity are not wisely safe- 
guarded and provided for ; but when a survey of our resources, the circulation of 
the air over our islands, and the effects produced by the interposition of tlie moun- 
tains, plateaus, and valleys upon it, plainly points to the possibility of such a 
trouble, it only becomes inevitalile as a result of culpable negligence. 

These two example's, which will not strike anyone whose mind is wholly oc- 
cupied in paying the penalties of old neglect, illustrate luy contention that a com- 
plete geographical description based on full investigation is of the highest and 
most urgent importance, not for this country only, but for the lOmpire, and for 
every country in the world. 

Nor is it the land alone which claims attention. It is of the utmost importance 
to investigate and evaluate tlie resources of the surrounding seas. The recent 
International Conference for the exploration of the sea held at Christiania formu- 
lated a scheme of rt'soarcli wliicli has been taken up enthusiastically by Jielgiura, 
Holland, Germany, Jlenmark, Knssia, .Sweden and Aorway. Its object is to 
place the fisheries of Northern Juirope on a scientific basis, and to make for that 
purpose a comprehensive survey of the sea, which will prove of high value to 
meteorology, and through it to agriculture as well. The recent work by 
Mr. 11. N. Dickson on the circulation <)f the surface waters of the North Atlantic 
in conjunction with similar work by Professor IVttersson in Sweden shows how 
hopeful such researches art? from tlie purely scientific standpoint, and their practical 
importaiire is no less. It remains with our Government to show that this 
country is not iudilferent to an o]>portunity, such as has never presented itself 
before, of placing one of our great national industries on a basis of scientific 
knowledge. This is in my belief one of the cases in which the expenditure of 
thousands now will mean»tlio saving of millions a few years hence. 

It is magnificent to send out polar expedilions; they speak volumes for the 
greatness of the liumnii mind that can give itself to the advancement of knowledge 
for the sake of liiiowledge, knowing that it will bring no material gain ; and I 
trust that such a spirit will continue to manifest itself until no spot on Earth, no 
land however cold or hot, no depth of sea, no farthest limit of the atmosphere 
remains unsearched and its lesson unlearnt. But 1 insist that the full study of 
our own country is on a totally different footing. Magniticont it may be, too, but 
sternly practical, since it is absolutely essential for our future well-being, and even 
for the continuance of the nation as a Power amongst the states of the world. 
Still, there is every probability that such work will be neglected until the events 
which it should avert are upon us, and then it will be too late to make provisions 
which now could be done cheaply, easily, and effectively. 

A Proposed llemedy. 

The few attempts which have been made in this country to promote the study 
of geography or to diminish the discouragements to geographical research have 
had but slight success. Much has been done to improve geographical teaching 
ky the Pqyal Geographical Society, the Royal Scottish Geographical Society,, the 
Geographical Association, this Section of the British Association, and other 
bodies; but that is not my theme. I refer to the little that has betMi done 
towards the elaboration of a geographical theory and the elucidatibn of 
geographical processes. Amongst the not inconsiderable number of teachers of 
geography in the Universities and colleges of Great Britain there is not one 
man who receives a salary on which he cun live in decent comfort so as to 



devote all liis time, or a substantial part of if, <i) p'G(»^n*a|)liical reseaicli ; and tho 
sa.iie is true of everv ollieial of all tlu* ^•’t'opfraphieal societies. X*>l on(3 is paid a 
salary sutlicient to enable him to devote the time not occupieil by mechanical 
routine to any other purpose than suppleineiitin^* his income by outside work- - 
writiiipf text-books, correct ine: exaiiiiiialioii ]»a])t*rs, perhaps even practising 
journalism. If by an etl’ort and the sa»*ritic(? of some of the coinlorls considei’lal 
necessarv bv most people of tin* ])rofessional classe'< he devo(es a lew odd lionrs 
now and tlion to some original n*s»‘aivb, he liiids very few to consid^* it seriously; 
some friendly t‘xpressioiis (d* opinion ])ossibly, but .^j’anady a reader ; and it counts 
for nothing, save, ])e.rliaps, in enluiiieing the repu'alion of his country in otlier 
lands where seient itic work, no niattt'r in what (h'jiartmeiit, is valued in a due 
di'gree. All this must hi^ clningi‘(l hidore iir.ioli progri*s.s can be made No doubt 
a giant of genius would ignore all ol)SLacles an i pursue his work regardless of 
recognition; but sncli gijinls are not to he looked for many times in a century. 
It should be made j)o.s>ihle for a man of fair abilities to receive a.s mucli oppor- 
tunity, enconragenitnit, recognition and reward for good work in geography as 
for good work, let us say, in clieiuislrv or eleetricity. That is all tluit can reason- 
ably bo asked, and that is what is iVetdy ac«-orded in «)th»‘r countries where the 
status of the man of science is higdmr than it is with ns. It is here that help 
may l)e hoped for from the ►Scottish l iiiversil ies in the strength of their new 
endowments. If a Chair oi (ieogra])hy wore instituted with the purpose of 
promoting resi'an-h lirst and teaching altcrw.ards, properly e(jiiip])ed witli books, 
maps, ami apparatus, and held on the iiiid<‘rstanding that no outside work wa.s to 
be undertaken, something might yet he dont‘ It) restore our count rv to the 
position it held a century and a half ago, whim a text* hook of geography was 
published without a thought of sarcasm, containing a frontisjiieci* re])reseutiiig 
* Britannia instructing Knrope, Asia, Africa, and America in the Science of 
Geogra])hy.* 

The followijig Papers and Itep«)rt were re.ad ; - 
1. Martin Behai ni (if Ninnihcrg, 1459 1507. ByVu G. Ravkxstkiw 

Martin Behaim of Niiruherg (ills a place of .some prominence in the history of 
geography on three grounds: first ly, the fannms liislorian Joao de Barros, 
writing in t«dls us that he wa> a ]m])il of BegiiUiiont anus, and was }i])])omted 

jointly with Ma>tt.i‘ Ihulrigues {imi Ma.-h r .Ju.ve]M), a nieinher of a committee who 
devised ji jd of •navigaling by the >mi.' wbicb li'id Ixrome nece.ssary since 

the I’ortugUH.'-i- bad crf)-MMl tbi* e(juatnr, and b it behind them the pole star to 
determine thi ir laJ it iidf ; ib hiim claims to have c(>mnjanded a vesst?! 

in Cao’s ineiinualde second exp«*diti«)n ; and 1 lordly, during a vi.sit to Niimherg, 
in 1490--ldJ»o, he superintended the manufacture of a terrestrial globe, wdiicli sur- 
vives to tliis day, and is the most, ancient geographical raoiiiiment of that kind in 
existence. As to tin; lirst point we may well doubt whetlier Behaim w'^as a pupil 
of the great Franconian astronomer, for Begionunitanus left Niirnbcrg in July 
1575, and Behaim was intended for a commercial and not fur a sclimtiiic career. 
AVe know', on the other hand, that .lose Vi.sinlio, the Jo.se])0 of de .BaiTOs and a 
j>upil of the astronomer Zacuio of ( luiniaraes, actutilly did tran.slate tin* ‘ Alniannch 
Perpetuum’ of his master (it was ])rinted at Leiria in 141MJ), and in 1484 under- 
took a voyage to the (luiiiea coast for tlie esjiecial ])urposo of determining the 
latitudes w'ith tlie aid of the astrolabe and tlie tjiblcs of the declination of the sun, 
furnished by Zacuto. Behaim may have accompained Jom"* on this voyage. It 
bas been suggested tliut lie introduced into the I 'ortiigue.si; navy an ‘ improved 
astrolabe, the cro.ss-stali‘ or the * J^^pliemcrides ’ of Ivegiomoiitanus ; but these are 
mere idle conjectures. 

Nor can we admit that Behaim was a member of (Vio’.s second expedition, 
which left Lisbon towards the clo.«o of 1485 ami was back before August 1480. 
Behaim*s own account we gather from the legends on his globe and information 
evidently communicated by him to liartraann Hchedel, the compiler of the w'^oll- 
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linowii ‘ Liber Cbronicorum/ lie claims to have left Portugal iu 1484 in com- 
mand of one vessel, the other being commanded by Cao ; to have set up a Padrao 
on Monte Ndgi’o on January 18, 1485 ; and to have turned homeward after a 
voyage of 2,300 leagues. As measured on his globe these 2,300 leagues would 
have carried him, far beyond the Cape of Good Hope, to a * Prom. S. Bartholomeo 
viego,^ whilst Cao turned back on a Cabo Negro (now known as Cape Cross) in 
jr>° 14' fc3. Jf Jiehftim was knighted on Friday / February 18, J485 (day of 
the week, dat^ and year are in agreement), lie cannol have set# up a pillar on 
January 18, ]48o. But c*veii supposing all tin.'se inconsistent dates of his to be due 
to lapses of memory, we should still hesitate to admit his having been a companion 
of that famous explorer, still less would a man who wrote in 1403 that ‘the 
polar star not being visible to the south of the equator and the magnet refusing 
to act the navigators are constrained to make their cour.se with the aid of the 
astrolabe ’ have been placed in command of a Portuguese vessel. Behaim has 
nothing to say about the powerful Manicongo ‘ discovered ^ by Cao, but seems to 
know everytbingabout King Furfur’s Land (Benin), where the ‘Portugal pepper’ 
was discovered in 1 485 ; about the mysterious ‘ Ogane,’ supposed to he I’rester John ; 
and about the great mortality in the flulf of Guinea owing to thij heat. But 
these are experiences of the expedition of Joao Atlbnso d’Aveiro, who left 
Portugal in 1485 and returned in 1480 in time for Behaim to enter into a scheme 
for the discovery of the ‘ island of the seven cities,’ as supposed by Ernesto do Canto. 
Wg therefore think it quite j)Ossible tliat Behaim took part jn d’Aveiro’s expedi- 
tion, but reject unhesitatingly his claim to have commanded a vessel in that of 
(Vio. 

As to the globe still to he seen at Xiirnberg there is no doubt that it was pro- 
duced under his direction, and 1 ])ropose shortly to publish a full description of it, 
together with a IrustworthY facsimile. 


2. Ueport on the Ciiniatology of Tropical Africa . — Sec Reports, p. 383. 


3. Morphological Map of Europe, T>g Dr. A. J, HekbebtsoK. 


4. Geographical Conditions affecting British Trade, 

Ihj Geo. G, CjiisiioLM, J/.i-l., 

Fluctuations in Britisli trade are often discussed as if they depeiuhid solely on 
such matters u-s tarills and bounties, the ignorance and negligence or knowledge 
and enterprise of niercluints, tlie behaviour of masters and men among tht* indus- 
trial classtis, railway rates, and so fortli. It may therefore be worth while to call 
attention to some obvious facts showing that geographical conditions are im- 
portant factors to be taken into account in considering such changes. 

The history of Glasgow furnishes a very interesting illustration of this truth. 
Throughout the separate history of Scotland, Glasgow was a town of quite minor 
importance. Not till trails- Atlantic trade developed did it rise to the position of 
an important commercial and industrial city. In considering this rise it is im- 
portant to note that, in relation to such trade, the physical coiiliguration of Scot- 
land gives to Glasgow, as its hiiiderland, not merely the small valley of the Clyde, 
but all the originally riclier eastern lowlands of Scotland from the Grampians to 
the Tweed. 

In discussing the subject of the Paper with reference to the United Kingdom 
as a whole, it w'ill he cniivenieiit to distinguish between commercial and industrial 
advantages or disadvantages, even although these act and react on one aiiothpr. 

Commercially, this country has a situation presenting unparalleled advantages 
in relation to those parts of the world most conveniently reached from the 

‘ Published in full in the Qtographtcal JounmU October 1901. 



71G 


liEPORT — 1901. 


seaboard, but no others. The importance of these advantages is well illustrated 
by the great magnitude and the remarkable constancy in the relative value of 
the British entrepot trade, and also by the rapid development and continued 
pre-eminence of our chief textile industry, that of cotton. 

Such being the essential nature of British commercial advantages, all imiirove- 
ments in connection with shipping, the change from wood ^ iron and steel as 
ship-building materials, the change from sails to steam as a means of propulsion, 
the improvemeuf of iiiarine engifies, tin* enlargement of ships, thei improvement 
and enlargement of harbours, the improvement of the means of communication 
Iwtween the seaboard and the interior in all parts 'of the world, have tended in 
the aggregate more to the advantage of this country than any other. 

On the other hand, all improvements in the means of communication between 
inland centres of production and inland markets have tended to diminish the 
relative value of the commercial position of this country. This consideration is 
illustrated by reference to some facts in the history of the trade of Germany with 
surrounding countries, and that of the United States with Mexico and Canada. 

The industrial advantages of the United Kingdom depend on the great 
abundance of coal and iron ore in convenient situations. It is obvious, however, 
that the development of similar resources elsewhere must reduce the relative value 
of these advantages. With reference to this point the position of two rival 
countries is of peculiar interest for diilerent reasons. • Germany is so favoured, 
both in its coal and iron fields, that one is led to ask why that country was so 
long in becoming a rival in industry of the United Kingdom. The United States 
is even more favoured, and in the case of that country the interesting point to 
note is how the advance of time is tending to increase its industrial advantages 
relatively to those of our own country. 

Another circumstance tending to lower the industrial advantages of this 
country relatively to those of others is the development of water-power. Formerly 
the use of this power was restricted by natural obstacles, but now these obstacles 
are, to a large extent, removed by the em^doyment of electricity as a means of 
transmitting that power. All this must obviously tend more to the advantage of 
such countries as Switzerland, Norway, and Italy in Europe, and Canada and the 
I 'nited States in America, than to that of this country. IJnder this head the case 
of Italy is of peculiar interest. Water-pow'er is there getting very largely applied 
through electricity. Now, it is to be borne in mind that Italy has an extremely 
advantageous commercial situation. That was show'ii by the whole history of 
commerce in the middle ages. The opening of the Suez Canal has restored, to 
some «?xtent, this advantage, which, however, has not yet been fully or even 
largely turned to account. Hut in commerce the great law is that to him that 
hath shall be given. If, tlieii, Italy, through her water-power or in other ways, 
is able to develop very greatly a trade based on her own resources, all the more 
likely will she be to add to that trade a great transit and entrepot trade such as 
she once possessed. 


5. The Influence of Geoyraphieal Environment on Political Evolution, 
Jhj Alleyne Ireland. 

The influence of geographical environment on political evolution in the tropics 
and sub-tropics is a subject which must assume for us an increasing practical 
interest as time p^ses. In order to cra]jhBsise this point it is only necessary^ to 
observe that, taking the tropics and sub-tropics to mean the heat-belt lying 
between 30° N. and 30° »S., the sea-borne trade of these regions is increasing at a 
much greater rate than is the sea-borne trade of the temperate lands. 

We know that commerce to-day demands for its best development certain 
conditions of government which must in the main conform to the usages of what 
we call Western Civilisation. Thus the construction of the Suez (yanul involved 
the Europeanising of the Egyptian Government, as the Panama or Nicaragua 
Canal of the future will involve the establishment, under one authority or another, 
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of a type of government in Central America very diflerent from that which now 
exists. 

It would* be easy to multiply indefinitely examples intended to prove the 
interdependence of commerce and political administration. The history of British 
ruje in India might well be founded on that central idea ; and from the earliest 
times European relations with China have been moulded by the failure of the 
Chinese political sysiem to meet the necessities of European commerce. 

A brief susvey of the history of tropical and sub-tropical countries during the 
past four centuries confronts us with the fact that in three countries only — 
Mexico, Peru, and India — did the first Knro|)ean travellers find native Govern- 
ments possessing any serious elements of stability, and that in each case the 
government was in the form of a military despotism. Broadly speaking, we may 
say that whatever degree of organised government exists to day in Central and 
South America, in the West Indies, in the whole of Africa, in Further India, and 
in the Malay Archipelago is due to the intrusion of one or another of the 
European Powers. These countries may be divided into two classes— one com- 
prising those in which the administration is of direct European origin, the other 
including those in which popular representation efiectively throws the control of 
allairs into the hands of the local inhabitants. If we accept India as representing 
the former class, and the Central American Kcpublios as representing the latter, 
we cannot fail to be impressed by the fact that, although European influence in 
Central America antedates British influence in India by a full century, the 
argument on the facts is strongly against the applicability of representative 
institutions to tropical countries. 

Briefly the question resolves itself into one of climatic discipline. In Europe 
the extreme range of temperature demands variety of clothing, and to this 
necessity we may attribute the growth of industry in early times. A winter 
season, during which food cannot be obtained directly from the soil, involved an 
excess of labour above the daily need during the season of crops, and from this we 
adduce the development of thrift and foresight. To these two factors, and to 
their innumerable and far-reaching corollaries, must be attributed the general 
character of European civilisation. In the development of the tropical man 
neither of these great agencies has been at work, nor, except in a few special 
instances, can it be foreseoa that they will come into operation. 

It is not asserted that the natives of the tropics are necessarily deficient in the 
intellectual faculties. To propound such a theory, in view of the constant and 
deserved success of East Indians and Negroes in our Universities and at the Bar, 
would merely betray colour prejudice. But when we observe the tropical man as 
a legislator or as a responsible administrator we find him, with very few excep- 
tions, to be utterly uusuited to his task. I think that the available facts justify 
the theory that the climatic conditions of the tropics have set an insuperable 
barrier to the advancement of tropical peoples in the direction of popular govern- 
ment. It seems to me that a great deal of futile experimenting would be saved if 
wo accepted the principle that in the heat-belt of the world administrative affairs 
must rest in the hands of specially trained Europeans, guided by the advice of a 
nominated council consisting of representatives of each class of the community. 

It is not because wo would oppress the native, but because we would save him 
from oppression and from the evil eftects of rash and ill-considered legislation, that 
we would take the administration of his country out of bis hands. 


6. Itineraries in Portuguese Congo, By Rev. Thomas Lewis. 

The ancient kingdom of Kongo discovered in the fifteenth century is so little 
known at the beginning of the twentieth. In past generations the Portuguese 
were more interested in their island plantations, and used their territories on the 
mainland to supply them witli slaves. The Government of to-day shows signs of 
activity in opening up the country, and have established three military and fiscal 
stations inland, the latest on the Kwangu River. 
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Tho travt'llor finds the river banks Irom the coast to Moqni sparsely populated. 
Moqui itself is very unhealthy, but is iiulispeiisable astluj ])rincipal port and depot 
for j^oods into tho interior. From hero he starts on his inland journey, and travels 
for six days throuirh dreary and monotonous country to S. Salvador, the ancient 
capital of Ivonyo. 

Here there are ruins of ancient churches, and the main arch of the cathedfkl 
is in a cfood state of preservation, the only monuineut of (1 great and glorious 
past. There is a Portuguese Resident, two trading firms, ami two missions. 

Threti years agti the writer of this pai)er was recj nested to make a j)rospecting 
journey into /omho, and after traversing the coiu’trv in several directions esta- 
blished a mission station at Ivibnholo. in the heart of /oiiibo. 

Travelling east from S. Salvador he asceiuled the ]>hiteaii at Jhliigu, where the 
Mbrizi River falls into llie valley, the Artldngton Falls, 'fhe journey proceeded 
eastward, and the souive (»f the Ari)rizi was noted. 'I'lie Kwilu River als^o rises 
oil this plateau. Two days' journey takes him to tln‘ Lufnnde \"alley, the high, 
precipitous rocks and waterfalls on lioth sides of which are very picturesque. The 
river I.iifiiude Hows into tlie .Mhrizi to tlie south-west. 

Climbing the* hill on the eastern si<le the traveller is again on tho plateau, and 
Kibokolo is a populoii'i district on tlie highland, fiH‘t aho\e the sea. 

The climate is much luUti'r on the ])lalt‘aii than in iln^ swanijiy lowlands, and 
the temperat ure is much lower, witli a good aniiual fall of rain. 

'I'he soil is sandy and the country naturally wtdl diviined, the most noticeable 
feature being tlie abimdanci* of water in sparkling and crystal streams and the 
absence of .swamjis. Hence tliese higblaiids of Zombo are much healthier for 
Furo|M‘aus, and malarial feviu is not prevalent. 

The tlora of the country alfords a splendid ticld for botanists. .Many parts ol 
Portuguese Congo are sparsely pojmlated, hut Zombo is an exception, being very 
thickly populated. 

When shivery and native wars anil superstitions are doni; away with the 
natives of Africa will rapidly increase in number, and tho question of the native 
races will be the most dillicult of African prohloms. 

The development of tho country must be by the uplifting of the natives. New 
needs and new tastes must be cultivated, so that the natives may be impelled tc 
work for their living. 

Here Cliristiaii missions do great good in teaching tlie pco])le and providing 
them with vernacular literature, so that they are no longer satisfied wdth savage 
life. Young men are trained as car])ent.ers, stonemasons, and hhicksiniths, and they 
employ tlieiuselves in useful work. Thus the natives take their position as 
responsible beings in tho progress and developiueiit of their country. 


Fin DAT, SFPTIDfJlJJJf I.h 

'Pile following Papers wen; read :~ ~ 

1 . The Effects of Veyeiation in the Valley and Plains of the Clyde. 

Hy G. F. 8cott-Elliot, b\Sc.^ E.L.S.y F.R.G.S. 

G«;neral charact<;rs of tho valley in (T) the subalpino, (^) heather and peat, 
(.‘5) sheep pasture, and (4) arable districts; (/i) tlie t*'alls of Olydi; or canyon, 
(6) the valley below the falls, and (J) tho tint alluvial plains about Renfrew. 

Ei'osiojf . — Theolfect of erosion on peat, bare arable land, and permanent pasture 
is contrasted with a vimv to showing that the -water retained in peaty soil, the 
trans])iration amounts of living plants, us well as tin; vegetable matter produced, 
must So alti;r the character and amount of the erosion that no trustworthy estimate 
can be formed if these factors are disregarded. 

Slo/ies or si/Jrs of the rnlley. — Tho successive stages in the formation of the 
slopo are traced in several instances, taken from tho balls of Clyde and the 
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tributaries Nuthan and Ilarpersgill, &c. It is shown that a perfect series of transi- 
tions cun be lound from tlie vertical clilf or scaur left by the river to the continuous 
steep slope, which is characteristic of the valley-sides throughout this neighbour- 
hood. 

The vegetation is shown to control this slope formation throughout. The 
vegcetation covering the space at tlio base of the clilf forms very rapidly. 
The annual Ibrmatiok of wood and other tissues is shown to be very great in this 
sheltered and moist situation (as compared by measurements with the growth of 
tlie siiiiw planfij in more exposed p()sitions). Any falls from ahovn, such as stones 
or rock, earth and vegetable matter washed or blown down, accumulate at the 
base of the precipice o. scaur, and ur*i at once covered over by tlie vegetation. 'J'hus 
a steep sloping surface is forintMl which gradually extenils up the side of the clilf 
until eventually the characlevistic V-sbape of the ravines is produced. 

Alc*asurements showing the aveiage slopes in at least: hiiir s(^])arate ravines 
were given. 

The undermining of the rixrk below the fringe of vegetation is shown in some 
cases to result in a slope which eventually unites with the accumulation from below 
to form the cliaracteristic angle of inclination. 

The character of th(‘ vegetation of course alters gri^atly the tenacity of the 
covering formed by it. Tims Ireiss form an exceedingly st rong network of roots, 
as is shown by tlni example at Kenmuir, where landslips aflecting the whole face 
of the slope have appeared through the original trees having been destroyed. 

All attempt was matle to givt; ineasurements of the average tenacity of the 
vegetation crust in a few cases, provided the practical dillicullies can be overcome 
ill time. 

llolmlamJa orjlafs ay cd/l&t/^/faars. — (.-ha meter, value, and constitution of the 
holms at different jioints of the Clyde contrasted, and their diiferences shown to 
depend on the mixt ures of soils and proportions of organic material. The formation 
of tlu'.se Hat lands is shown to depend childly on the work of certain marsh plants, 
of which Scirpiis Vhrapmitcs, Vauvhoviay Pan Jiultam^ and various sedges 

are the mo.st important, 'flie dilliculty of tracing tlieir action arises from the 
extent to which draining lias been carried on, but observations are given illustrating 
the species mentioned, and showing that the amount produced in a single year is 
by no means an iiiconsidergihle quantity. 

iS/ntff/le hccU . — The shingle beds and the manner in which they are covered by 
vegetation is also discussed shortly. 

An attempt is made to show on the map tlio approximate boundary of what 
was at one time river and estuarine marshes. The difliculty of deciding upon the 
exact boundary line is shown to depend upon the amount of boulder clay and drift 
which closely resembles the ordinary alluvium. If time is left, an attempt will he 
made to compare the alluvial formations of other countries with those of the 
Chde. 


li. TJui Scottish Ndtnyfil History Soviet yU Svhvnie /or the Idvestiyatioii of the 
Forth Valley, By Mahion Nkwriuin, D,Sc, 

The paper gives an account of a scheme which has been undertaken by the 
Scottish Natural llistorv Society at the suggestion of Sir John Murray. It is 
l)ro])osed, first, to arrange, in a readily available form, references to papers already 
published on the natural history of the Forth Valley, including its botany, zoo- 
and geology ; secondl}’^, the Society proposes lo utilise its various sections and 
the labours of its individual members in the acquisition of a m{i.ss of detail in regjird 
to the existing organic conditions in the vallt?y of the Forth, with the primary object 
of providing a basis of fact upon which conciusidnsmay be later established, although 
the opportunities of the work as a means of training observers will not b*e lost 
sight of. It is hoped that the work may he carried out in such a way that the 
conditions of existence of tlu^ most important organisms within the area may he 
readily ascertained hy reforeuce to the Society’s records. 
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3. Methods ami Objects of a liotanical Survey of Scotland, 

By W. G. Smith, B.Sc,, PIuD,, Leeds. 

The botanical survey now under consideration was initiated by Robert Snaith, 
of Dundee, and was drawn up in co-operation with a survey of France on similar 
lines, the project of Professor Ch. Ilahault, of Montpellier. According to this 
method the vegetation of any area is regarded as consisting of a collection of plant- 
associations the distribution and extent of whicli are indicated on standard maps 
by distinctive colours. Each association of plants is adapted to ceHain conditions 
of food-supply, heat, light, moisture, &c., and one of the objects of the survey is to 
obtain fuller information on these life-conditions of plants. 

Each plant-association consists of a variable number of species, which may be 
arranged thus : 

(a) One or more dominant social (gregarious) species ; these are used to name 
the association, c.//., oak, beech, pine, heather, 

{}») Secondary social species struggling for dominance. 

(c) Dependent species protected by the dominant forms or more oi less de- 
pendent on them for food, &c. 

A feature of the surv(iy is the collection of tield-notes and lists of species in 
order to amplify our knowledge of plant-associations and species included in each. 

In Scotland the following have been found to be the most suitable associations 
for recording, and they are equally applicable to a botanical survey in inogress in 
various parts of England : — 

I. Maritime and littoral group of associations. 

II. Agrarian group. 

(«) Cultivation: (1) with rotations including wheat— upper limits, 600 
to (500 feet ; (2) without wheat- -up to limits of cultivation, 1,000 to 
1,260 feet. 

(b) AVuods of deciduous trees: (1) mixed deciduous woods with beech, 
oak, &c. — upper limits, 700 to 1,000 feet; (2) oak woods without 
beech — upper limits, 1 ,000 feet. 

III. .Siih-alpine group (1,000 to 2,000 feet). 

(a) Woods: (1) Scots pine or mixed conifers — upper limits, 1,260 to 
1,800 feet; (2) larch woods — upper limits, 1,300 to 1,800 feet; 

( 3) birch woods— upper limits, 1 ,600 to 2,000 feet. 

(i) Hill pasture and moorland: (1) grass hill pasture associations; 

(2) heather associations ; (3) cotton-grass and heather associations on 
peat -bog. 

IV. Alpine group (2,000 to 4,000 feet). 

(1) Heather aasociations, up to 3,100 feet. 

(2) Rilberry {Vacoinium myrtillus) association, up to 3,600 feet, 

(3) Alpine pasture associations. 

(4) Alpine plateau with mosses, lichens, &c. 

(5) Alpine crags. 


4. Notes on Argentine Anthropo-geograpliy. 

By F. P. Moreno, Director of the La Plata Museum. 

The paper gives an jiccount of the distribution of the extinct and existing 
luimqn races in tluj Argc'iitino Republic. 

There are in Argentina the; remains of men who lived before the continent 
had acquired its present relief and contour. Afterwards these men, developing, 
commenced tlieir migrations, while another race appeared in the regions of the 
West at the end of the Glacial epoch, and the ancient people 'were pushed to the 
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South, where to-day we meet their deacendants ; and among-st them wo note an 
extraordinary variety of types observed in no other country in tJie world. Alan 
lived in caves with extinct mammals as man lived in European caves of the 
Pleistocene period, and other people migrated from the northern extremity of the 
Aiperican continent. We find Polynej4an anthropological elements mixed with 
the Patagonian, Polynesian culture among Calchaqui and old Peruvian culture. 
Advancing in time, we find a complicated civilisation which it is impossible to 
ally with an;^ known type, yet presenting an astonishing similarity in some 
respects with that of people who lived in the same latitude in the northern hemi- 
sphere and in lands of similar physical conditions. There is a remarkable analogy 
between the peirographs extending from Arizona to Patagonia, on both sides 
of the Andes, and between their industrial arts and myths. In intermediate 
countries there are identical aiialogi(‘s with races of the Soutli and of the East. 
In Bolivia the ruins of Tiahuanaco and other similar ruins have no antecedents ; 
the people to which they are referred, the one that used the macrocophalic defor- 
mation, has its representatives from Vancouver to Patagonia ; in tin* old Peruvian 
pottery the human types are not all those of the natives of to-day, but those of 
Patagonia, Tierra del Fuego, and Chile ; in this pottery Alexican types appear 
represented as prisoners ; several small artistic terra-cottas, so common in the old 
Alexican towns, have been discovered in the pampas of Buenos Aires ; while other 
Alexican objects are the same as some of Calchaqui. Calchaqui remains extended 
from the Atlantic to the Pacific, and fn)m Patagonia to Peru an inter- Andean 
tratle has existed in remote epochs showing the enterprise of the peoples w’hich 
maintained such relations across so great a barrier. When we remember all these 
facts, we cannot but believe that man in South America has had a very long 
existence, and that intercontinental, and even interoceanic, communications have 
been maintained from the prehistoric times until the day when the Spanish 
conquistadors continued the work of the wild tribes in destroying th(j older 
civilisation. 

* But who are the Onas, th(^ Tehuelches, the Gennakens, the Arnucanians, the 
Mislones, and Ohaco tribes, the Oalchaquis ? It is impossible to answer these 
questions at present. The importance of these investigations has been indicated in 
the hope that it may conduce to the solution of these problems, but the author 
thinks that we are already in presence of the elements which formed the old and 
lost civilisation, the ruins of which arc spread over the whole continent of South 
America. The anthropologist treating of A'orth America only, and ignoring what 
can bo seen in South America, supposes that the latter continent was peopled by 
the races of the former, and that the ancestors of the Pueblos were also the 
founders of the old civilisations of Peru and Bolivia ; but probably the South 
American origins are the older, and there is ample evidence in support of this 
contention. Palaeontology has demonstrated that the Panipean mammals migrated 
from the South to Mexico and the United States, and it is not impossible that 
mciri may have taken the northward route. It is true that the Alastodon is both 
a European and North American mammal, but it is not to be forgotten that its 
remains are also abundant in South America, in beds of tlie same age as, or older 
than, those of North America and Europe. 


5. Some Explorations of Andean Lakes, By Hesketii Prichard. 

Itinerary of expedition — The Pampas — Difficulties of transport — ^Arrival at 
Colohuapi — ^The Tehuelche Indians — ^Their appearance and method of life — Lago 
Buenos Aires — Santa Cruz — Following Darwin’s route — ^Arrival at Lago, Argen- * 
tino — First down-stream navigation of the Kio Leona — Exploration of Lago 
Argentino — The Forests — Discovery of a new lake — Homeward. 


6. AT. Elisee JReclus^ Ma/p on Natural Curvature, By M. Beclus-Guton 
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SATrRDAY, ,VA’i•7■A'.V/?A7^ 14. 
TUo 8(*i*tiou di<l not nieot. 


uVONDAY, SEPTEMnim Ui. 

The followinpf Papers aiul Pepcirts were read : — 

1. Thfi Bdijflan Scientific Eicpcdition of Ka-Tanga} 

Ihj Captain Lkaiaire. 

Tlie duty of a scientific exploring^ expedition is to study in all its aspects the 
object which has lieen assinrned to it, aiicl not to concern itself with affairs. 

The scientitic apparatus and equipuient of tlu‘ expedition w’ere enumerated. 

The bhiro]>ean staff of the expedition: loss of two of their number who were 
drowned in Tanganyika ; their rt*placement by others, 

Wnyh of the Expedition. 

Cartoprnp/iif. 6,01)0 kilonieln's of itinerary mapped on a large scale ; map of 
1 : 1,000,000 in four colours, containing Itlo stations determined by astronomical 
observation. 

Terresfrirri Magnet i^^m . — 117 stations determined by the three magnetic com- 
ponent s. 

Alfimetrif. — Remarks upon the establishment of a single table for the deter- 
mination of altitudes in equatorial Africa by a single reading of the barometer and 
the thermometer, without the knowledge of these data tor tlie same moment at a 
2 )oint of comparison. Altitiuh* of Tanga nvi If a ; the gi'eatest altitudes noted. 

Meteorotof/n . — Four stations for observation werr* at xvqrk from August 
to August 1000, fiiniisbi rig data relating to tmnperatiire, atmos])bHric pressure, 
moisture, evaporation, duration of in.'^olation, radiation from the earth, atmospheric 
precipitations, the nature and direction of clouds and winds, the transparency of 
the air, kc. (Certain rcraarkahle jilnmomena. 

- The geologist and the ]»ro.spector of our expedition have drawn np 
detailed reports, accompanied hy maps and geological sections. Forty cases of 
mineralogical specimen.s were collected. 

Fanna and Flora. — An fn rhnrium was collected : 100 coloured plates have 
been prepared ; ten cases of specimens were brought back. A rapid glance over 
the economic fauna and flora of the country traversed. 

Ethnography. — Anthrojiometric deteniiiiiations ; ten cases of collections. 

Vhotography and Fainting. — .‘kOO photographs; 200 canvasses, watercolours, 
and sketches. 

Occupation of the Country hy -Description of the plateaux of high 

altitude, 1,700 to 1,000 metres; food- products : Kuropean potatoes, wheat, Furo- 
pean vegetables, fruits, rice, kc . ; domestic animals, both large and small, uninjurtid 
by the tsc-tse; the AVhito Fathers of 'Fangaiiyika and their admirable work; the 
steamers on Tanganyika and Moero ; our meeting with Major (libbons; Anglo - 
Belgian relaticiis. 

2. Report on Terrestrial Surface Waves. — Seo Reports, p. .‘198. 


3. The Mean Temperature of the Atmosphere and the Causes of 
Glacial Periods, By H. N. Dickson, B.Sc. 

If we suppose that secular variations of climate in the past have been duo to 
changes in the mean temperature of the atmosphere, it is most probable that such 

‘ Published in the Seottuh Geographical Magazine^ October 1901. 
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f;liango8 have boon acconipanifcl by large rtilalive alterations in the ^rradient of 
temperature between the eciuator and the pcjles. Jiiit tins dillerence of temperature 
is the primitry cause of tlie whole planetary circulation of the atmosphere, the 
form and intensity of which must have varied with it, both absolutely and rela- 
tively to the modifications produced at the earth's surface by the distribution of 
land and sen. 'fin* psneral conditions lead to the conclusion that a lowering of 
mean temperature '^^^)uld Ixi accompanied by an incn^-ise of the equator-poleward 
gradient, and^i rise by a diminution of it. Ferrel’s theory of atmospheric circu- 
lation would then suggest that in the former case the plamdarv circulation would 
become more active, the tropical high pr(‘ssure belts would be dis])laced to lower 
latitudes, and tbe modifying iniluence of great coiilinental areas would be i‘(‘la- 
tively diminisbed ; while in the latter case the circulation would be less energetic, 
the tropical bells would he farther from the equator, and tlie contrast betw(;eu 
oceanic and continental climates would be more sharply defined. 

'I'he probable ellects of such changes on the distribution of ])reci])itation, and 
especially on the position ami direction of the great cvclone tracks, are examined, 
and it is siiLrgested that the greater proportion of rainfall received with easterly 
winds on the polar sides of (wclones, in lower latitudes tlum at present, may ex- 
plain some peculiar features of glacial phenomena. In any case, the aspects of Die 
prohlmn to which attention is drawn deserve fidler recf»gnition than they have 
received; thev indicate tliat the variations of temperature required to account for 
climatic clianges are of smaller range* than has been siqiposed, and they imvV, bj tbe 
exclusion of some surviving theories, assist in determining Die true cause. 


1. Rp,pnrt on a of JlniM yV(><ec/o>Yf/e.s\— See Reports, p. 300. 


T). Forihftrn Ontario : Itfi Oeotfrnphy and Eemurcfn. By RonRRT Bell, 

M.D,, D.Si,, LL,1),, FJi.S., Director of th> Gonloyical Survey of 

Canada, 

Noriberri Ontario, now also called Xexv Ontario, comprises more than half of 
the whole province, or all \fiat portion lying north-west of the lino of Lake Nipis- 
sing and the Fiviich River. It has a length of fully 800 niile.s from .Afattawa, on 
the Ottawa, to the eastern line of Aranitoba, near the junction of the AVinm})eg 
and l^nglish Rivers, and a breadth of 100 miles from the outlet of Lake Superior 
to its most northern part, xvhich is at the mouth of the Albany River on James 
Bay. The eastern boundarv, which follows the Ottawa. River and tin* meridian 
line from Lake Temiscaming; on that stream to James Bay, is also nearly JOO miles 
in length ; but the xvi^stern half of the Region ha« an average breadth of only L>00 
miles." Taking the ea.sti*rn boundary as a base. Northern Ontario is roughly tri- 
angular in form, the ape.x being at the western extremity, 'flie soiitlioru boundary 
is formed by Lakes Huron and Superior and the northern line of the State of 
Alinnesota, while the norDiern boundary is delined by the bhiglish and Albany 
Rivers and part of the shore of James Bay. The last-nanied cireumstaiico gives 
Ontario a claim to be considered a maritime province, with a seaport at Aloose 
Factory.and possibly others at Fort Albany and Hannah Bay. 'Hie total area of 
Northern Ontario is' estimated at 72,000,000 acres, or about one and one-third times 
that of Southern Ontario. Its ])osition lies between lat. 10'' N. and lat. 52° N., and 
the climate is about normal for those degroi*s ol latitude. 1 he paper gives a 
general geographical de-scriptioii of the relief, geology, and hydrography ot Ny^rthern 
Ontario' and deals especially with its resources in t he xvay of minerals, agricultural 
land, lisherios, and forests. 

The principal rivers and lakes of what is now Northern Ontario wore surveyed 
topographically and geologically by mvself in tlie thirty-one years fi-om 1860 to 1000 
inclusive, and they have been described in various suminnrvaiid detailed reports of tbe 
Geological Survey. Maps have been published showing Lake Nipigon, the country 
around Tliunder Ray, the whole of the basin of Moose River, the Sudbury district, 
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and tho resrion arouii'i FrcUich Uiver. The map-* rosultiii^f from many of my sur- 
veys have not yet been published, althoujrh on lile in tho oflico of the Geological 
Survey, and aeeeasible to anyone requiriiiir them. In 11)00 tho Oovornmont of 
Ontario sent out ten surveyors, in charge of an equal number of parties, to inspect 
Northern Ontario. Tho reports of these surveyors and explorers, recently pub-, 
lished in one volume, amply conlirm all that f have said during the last thirty 
years, in tho Geological Survey reports and elsewhere, iir regard to the ' New 
Ontario.’ A small-scale map, compiled from the most recent surveys and explora-» 
f ions, accompanies the paper. 

6 . On the Si/sfcmatic Exphyration of the Atmosphere at Sea hy means of 
Kites, By A. La whence Rotcii, Director of Blue Hill Meteoroloyicul 

Observatory (Massachusetts^ U,S.A,) and American Member of the 

International Aeronautical Committee, 

It is appropriate tliat this paper should bo presented at Glasgow, since it was 
here that Dr. Alexander Wilson first used kites for meteorological observations iu 
1740.‘ 

Kite-flying with continuously recording instruments was originated at Blue 
Hill in 1804, and iho progress of the work is set forth in five annual reports pre- 
sented to Section A of this Association. Although tlie meteorological conditions 
up to a height of three miles abovt? this region have been ascertained by several 
hundred kite-flights, yet since wind of at least twelve miles an hour is required, 
certain types of weather — notably the antievclonic — can rarely be studied. 

The method proposed not only permits kites to be flown in calm weather, but 
enables data to be obtained a mile or two above the oceans, where no observations 
have been possible hitherto. The method consists in installing the kites and ap- 
paratus on board a steamship, which, when travelling through calm air at a speed 
of ten or twelve knots per hour, eiiables the kites and instruments to he raised to 
the height that can be reached in thts most favourable wind. Should the wind Lm 
too strong, its force may be moderated hy steaming with it. In this way the kites 
can be flown at all times and in the equatorial regions, where a knowledge of the 
conditions of the upper atmosphere is needed to cQPiplete our theories of tlui 
atmospheric circulation. 

The use of kites to the best advantage requires a vessel that can bo manamvred 
at will, and therefore experiments were made in Massachusetts Bay on a tug 
ha^dng a maximum speed of ten miles an hour. Although the w'ind blew only 
six to ten miles an hour, and at no time was strong enough to lift the kite.s, yet by 
steaming towards it within 45° of its meuii direction, the meteorograph was raised 
to a height of half a mile. The ease .witli wliieh tlie kites were launched and the 
steadiness with which they fl(?w in the uniform {irtiH(*ial wind Avero noticeable. A , 
trial of the kites was next made upon a passenger steamer crossing tho North 
Atlantic in order to ascertain whether it was possible to obtain in this way meteoro- 
logical data frequently during the voyage. Flights 'were made on five days, when 
although the -winds accompanying an anticyclone were too light to lift the , 
kites, the artificial wind, caused by the eastward motion of the vessel at a .sj)eed of 
15 knots, sufliced to carry the kites and meteorograph to a maximum height of 
one-third of a mile. Had it been possible to alter the course of the vessel the kites 
could have been flown every day. The kite records obtained in this anticyclone, 
in connection wdlh similar one.s on deck, show abnormal changes of temperature 
with altitude above the ocean, great fluctuations in relative humidity, and slight 
varlatidns in wind velocity. A series of such flights on successive voyjiges would 
disclose any difference in the vertical distribution of the meteorological elements 
above the ocean as compared with that over the land, and in weather condi- , 
tions like the above would furnish data for the upper air that cannot be obtained 
with kites at a fixed station. 


* Trans, Roy. Soe, Edinhirgh, vol. x. part ii. pp. 284-286, 
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7. Report on Changes of the Land-level of the Phlegrcean Fields, 
See Reports, p. 3H2. 


September it. 

® The followin'? Papers were read ; — 

1. Weather Maps, By W. N. Shaw, F.R.S. 

Tlio author ftxhibit(,*d a set of specimens of the daily weather reports issued by 
ditlerent European and extra-European countries in UJOI. The maps of the 
following countries w<*r(* shown : — 


Er ROVE AX. 

ExTRA-EUROrEAX. 

Austria. 

Algeria- 

Bavaria. 

Australasia. 

Belgium. 

Canada. 

British Isles. 

India. 

Denmark. 

,, Bay of Bengal. 

France. 

Japan. 

Germany. 

Mexico. 

Holland. 

United States. 

Italy. 

Port ugal. 


Koumania. 

Russia. 


Saxony. 

Spain. 

Switzerland, 


• • 

2. 27ie National Antarctic Expedition, By Dr, J. Scott Keltie. 

3. With the ^ Discovery ^ to Madeira, 

By Dr. H. R. Mill, F,R,S,E, 


4. The Methods and Plans of the Scottish National Antarctic Expedition, 

By W. S. Bruce. 


5. The Experimental Demonstration of the Curvature of the Earth- s Surface, 
By H. Yule Oldham, M,A, 

In 1870 Dr. A. R. Wallace performed his wtll-known Bedford Level , 
experiment. In the summers of 1900 and 1901 a series of similar experiments was 
made with the special object of obtaining photographic records of the same. The 
Bedford Level is a portion of the Fens north of Ely, through which in the 
seventeenth century two great canals were made, shortening the course of the 
Ouse. Of these, one, the IVew Bedford river, is tidal ; the other, the old Bedford 
river, has locks at each end, and presents long, straight stretches of water without 
currenHi or tide. The six-mile stretch of the old Bedford river between Welney 
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and Denver wns selected, ns it is ]>evfectly straift-hl, bas a bridge at each end, but 
none in between. The height of tlie paiapet ol' \Velnoy bridge above the water 
level Was measured, a mark was set up on Denver bridge at the same height above 
the water-level, and midway -three miles from each end — a mark was set up on a 
pole at the same height above the water-level. A telescope was then directed 
from the parapet of AN’tdney bridge to the mark on Denver bridge, and the middle 
mark was seen to stand up about six feet above the line of sijrht, agreeing with the 
etlect calculated to be produced by the curvature of the earth’s surface. 


0. Travel'i in China, By 11. LonAX Jack, LL,D,, F.E.G.S, 

The party, consisting, besides the writer, of his son R. Jjockhart Jack and Mr. 
J. h\ Morris, employed by an hhiglisli capitalist who had obtained mining conces- 
sions in Szt*chuan, left Shanghai on January 4, 11)00. 

Having reached Ichang (1,000 miles) by steanu*rs up the Yaiigtse, a houseboat 
was chartert'd by which the j^arty made tlie voyage to CUinng King, a further dis- 
tance of 30i* miles. 

An overland journey of miles was then made to Chengtu, the capital of 
Szechuan, r/V/ the coal mines of Tiling ('hang and the brine wells of >’ei-Kiang- 
llsien. 

The party had occasion to cross five times the (.'hengtn Plain, whose fertility, 
enhanced by a perft‘ct system of irrigation, enables it to support four million in- 
habitants. They visited and mapped the valh'y of Tung-ling-tsc, where copper 
mines are worked by the Chinese, and made a Moop-cast ’ of 007 miles to the 
‘Northern Alps,* at first tlirough a large tract of undescribed country and after- 
vards over Gill’s roiitt* of 1877, via TiUng-au and Sungpan. 

Leaving Chengtu on June 10, this time acivimpanied by !Mr. Herbert Way, 
who represented an English company, the party travelled by road (350 miles) to 
the Maha (Jold Mines, wliich overlook the left bank of the Ya-liing River. Here, 
their stay was cut short by long-delayed communications from Chung King 
relating the capture of tlie Taku forts, the tragedies of Tientsin, and the supposed 
massacre of all foreigners at Pekin. The Dritish Consul at Chung King ‘most 
.strongly advised’ the party to make for Durma. 

An attempt was made to reach Kaiiipti, on the Upjier Irrawadi, by the route 
followed by I’rince IKnri of Orleans, and tin? party got as far as Hsiao Wei-si, on 
the Mekong, where a French mis-sionary related some of Prince ]ienri\s experi- 
ences and dernonstratod the useles3ne.s3 of the attempt .so late in the season. 
It Wii.s judged imprudent to run .such risk.s. Nine days after leaving Maha 1 lie 
party were the guests of a Lolo chieftain, the Toiissa of Kwa-pit. Hetween the 
Yangtse and the Mekong extra precautions liad to be taken in crossing a pa.ss 
infested by robbers armed with cro.s8bow.s and poisonc.d arrows. 

Very unwillingly, the party, wliose leading idea was to keep as much as 
jiossible among tlui IjoIo aborigines and half-Tibetuii Sifan tribes, retraced their 
steps, and leaving the Yangfse at Hhi-Ku made for Sin Kai or Rhamo, a route 
whicli brought them again into (roiitacfc with the Cliinese. They crossed the 
Mekong and Salweu River.-^, and tiiially reacheil Dharao, in U})])er Burma, on 
October 21, alter overcoming many obstacles. At Yung-chang further progress 
seemed to be barred by the refusal of the (hirricrft’ Union to transport the baggage 
of foreigners, and the talcs which tlin c«>olic.s had been told of the terrors of the 
‘ fever valley ’ (Salwmi) had so tlenioralised them that they wen*, with difficulty 
prevented from deserting in a body. 

* Interesting observations were made on the Lolos and Sifans, as \vell as on the 
Shan tribes of the Tai-ping Valley and the Katcdiins of the mountain regions on 
the border of Burma. Tlie distance from Maha to Myothet on the Irrawadi, wn.s 
estimated at 874 miles. 

The journey afforded opportunities of mapping, to some extent, the margin of 
the Chengtu Plain and the rivers which fall into it from the north. Portionfl of 
the courses of the Ya-lung and Yangtse, near Kwa-pit and Li-Kiang rei^pectltely, 
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SncTioN F.— ECONOArrC SCIEXOE,AND STATISTICS. 

I^KKSIDENT OP Tim SECTION — Sir llOEEKT (Ill’FEN, K.C.C., F.R.S. 


TKURSDAY, SEPTEmUJR 12. 

The President delivered the following Address : — - 

Thp linportanre of (Jeiieral Sfnfiatical Idma. 

I TRUST you will excuse me, on an occasion like the present, for returning to a 
topic which I havf? discussed more tl»aii once — tlie utility of common statistics. 
AVlide we are indebted for much of our stati.^tical knowledge to elaborate special 
inquiries siicli as were made by Mr. Jevons on prices and the currency, or have 
latnly been made by Mr. Tlooth into tlie condition of the London poor, we are 
indebted for other knowledge to continuous official and unotiicial records, which 
keep us posted up to date as to certain facts of current Hie and business, without 
which public men and men of busine.ss, in the dady concerns of life, w-ould be very 
much at a loss. ^Vhat seems to me always most desirable to understand is the 
importance of some of the ideas to be derived from tb(^ most common statistics of 
the latter kind— the regular records of statistical facts which modern societies 
liave instituted, especially the records of the census, which have now existed for a 
century in mo.^t European countries and among peoples of European origin. 
Political ideas and speculation are necessarily coloured by ideas originating in 
such records, and political action, internationally and otherwise, would be all the 
wiser if the records were more carefully observed than they are, and the lessons to 
be derived widely appreciated and understood. 

I propose now to refer briefly to one or tw'O of these ideas which were taken 
up and discussed on former occasions,' and to illustrate the matter farther by a 
reference to one or two additional topics suggested in tlm same manner, and more 
particularly by tlie rf'sults of the In.st ceh.sus investigations, which complete in this 
respect the record of what may be called the statistical century excellence — 

the century which has just closed. 

Increase of European Population during last Century. 

The first broad fact then of this kind, which I have discussed on former occa- 
sions, is the enormous increase of the population of European countries and of 
peoples of European origin during the century just pas.sed, especially the increase 
of the English people and of the Ignited States, along with the comparative 
stationariness of the population of one or two of the countries, particularly France, 
at the .same time. The growth all round is from about 170 millions at the begin- 
niiig of the century to about .^10 millions (excluding Soutli American countries and 
Mexico); while the growth of the United States alone is from a little over o to 
nearly 80 millions, and of tlio English population of the British Empire from 
about lo to 55 millions. Germany and llussia also show remarkable growth — 

* Cf. Essays in Finance^ 2nd series, pp. 27<5-:i6i, and Proceedings of Momchestcr 
Statistical Society ^ October 17 1900. 
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from 20 to 65 millions in the one case, and from 40 to 135 millions in the other — 
partly dim to annexation ; but the growth of France is no more than from 25 to 
40 millions. Without discussing it, we may understand that the economic 
growth is equally if not more remarkable. The effect necessarily is to assure the 
preponderance of Jiiuropean peoples among the races of the world — to put aside 
completely, for instance, the nightmares of yellow or black perils arising from the 
supposed overwhelming mass of yellow or black races, these races by comparison 
being stationary or nearly so. The increase of population being continuous, unless 
some startling change occurs ^h«‘foi*e long, each year only makes European pre- 
])onderanc(^ more secure. Equally it follows that the relative position of the 
lOnglish Empire, the United States, llussia, and Germany has become such as to 
make them exclusively tlie great world powers, although France, for economic 
reasons, notwithstanding the stationarincss of its population, may still he classed 
amongst them. When one thinks what international politics were only a hundred 
years ago — how supreme France then appeared ; how important were Austria, 
Italy, Spain, and even countries like Holland, Denmark, and Sweden — we may 
surely recognise that with a comparatively new I’nited States on the stage, and 
witli powers like llussia and Germany come to the front, the world is all changed 
politically as well as economical!}', and that new passions and new rivalries have 
to be considered. 

The figures also suggest that for some time at least the movements going on 
must accentuate the change tliat has occurred. According to the latest figures, 
there is no sign that either in France or any other Pmropean country which has 
been comparatively stationary has any growth of population commenced which 
will reverse the change, while a large increase of population goes on in the lead- 
ing countries named. This increase, it is alleged, is going on at a diminishing 
rate — a point to be discussed afterwards — but in the next generation or two there 
is practically no doubt that the United States will he a larger international factor 
than it is, both absolutely and relatively, and that llnssin, Germany, and the 
JOnglisli people of the British l^mpire will also grow, thougli not in such a way, 
apparently, as to prevent the greater relative growth of the United States, and 
notwithstanding perhaps some relative changes of a minor character amongst 
themselves. 

The foreign nations \Tleu with wliich the British Empire is likely to he con- 
cerned in the near future are Jtnssia, Germany, and the United States ; and other 
Powers, even France, must more and more occupy a second place, altliougli 
Franco, for the moment, partly in consequence of its relations with Bussia, 
occupies a special place. 

Special Position of Pntish Emjnre, 

Another idea which follows from a considerntion of the same facts is the 
necessity laid upon the British Empire to consolidate and organise itself in view 
of the large additions of subject races made to it iu the last century, and especially 
in the last twenty years of tiie century, lii a paper which 1 read before the Koyal 
Colonial Institute two years ago, an attempt was made to show that the burden 
imposed on the white races of the Empire by these recent acquisitions was not 
excessive as far as the prospect cf internal tumults was concerned, llelalively to 
some other Powers, especially France, we have also been gaining internationally in 
strength and resources. But whether we had gained internationally on the whole, 
looking at the growth of Powers like llussia, the I'nited States, and Germany, 
and their givater activity in world-politics, was u diflerent question. The problen^ 
thus stated remains. It would he foreign to the sco])e of an address "like* this, 
tvhich must avoid actual politics, to examine how far light has been thrown on it 
by the South African war. No one can question at least that the organist^tion of 
the Empire must bo governed by considerations which the international statistics 
suggest, and that no step can bo taken safely and properly unless our public men 
fuller appreciate the ideas of international strength and resources as well as other 
considerations which are germane to the subject. 
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Europr, and Foreign Food Supplies. 

Anotlior idea to which attention may be drawn n]»pears to bo the incimsintf 
dependence of Kiiropenn nations upon supplies of food and raw material obtained 
from abroad. W'o are familiar w’itli a eonce])ti(»n of this kind as rcf(nrdii tlf,e 
United Kiiijidom. For years ]>ast we have drawn iiicreusin;r supplies from 
abroad, not merely in proportion to the growth of population, but in larger pro- 
portion. The p«>sition here obviously is that, with the industries fit’ agriculture 
and the extraction of raw material (except as regards the one article, coal) prac- 
tically incapable of expansion, and with a popuhitioli which not only increases in 
numbers, but wliich becomes year by year increasingly richer per head, the con- 
suming pow-or of the population increases with enormous rapidity, and must be 
satistied, if at all, by foreign imports of food and raw materials ; then* is no ot her 
means of s-.itistaction. Ihit what is true of tht* United Kingdom is true in n greater 
or less degree of ct*rtaiii Uuropean countri»‘s-- France, the Low (^iuntries, the 
Scandinavian countries, A list ria-J lungary, Italy, and (lerniany. I'ispecially is it 
true in a remarkahle degree of (lermauy, which is ht'coming increasingly industrial 
and maniiRcturiiig, and wdien* the room for expansion in agriculture is now very 
limited. Those interested in the subject may be referred to an excellent paper by 
^Ir. (b-awford, read at tlie Uoyid Statistical Society of jAUidon about two years 
ago. What J am now desirous to point out is the governing nature of the 
idea, which m‘ces>arily follows from tlu* ciuiceptiou of a Furopean population 
living on a limited area, with the agricultural and extractive possibilities long 
since nearly exhausted, and tlie pujmlatioii all the time increasing in numbers and 
wealth. Such a population must import more and more year by }ear, and must 
be increasingly dependent on foreign suj)plies. 

I sliall not attempt to do over again what is done in Mr. Oawford’s paper, but 
a few figures may serve to illustrate what is mt‘ant. In the ‘ Statistical Abstract ' 
for the principal and other foreign countries 1 find tables for certain European 
countries classifying the imports for a series of years into articles of food, raw and 
semi-manufactured articles, &c. From these i extract the following particulars 
for all tbf countries wJiich have tables in this form : — 


Jmporta of Articlva of Food and Haw MateriaU and fkini-manufnctured 
ArticlvH into the undermentioned (Countries in 1H8K and ISUS compared. 
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Iiitrcasc ! 

I8y« ! 

Amount Per Cunt. 


Auticlks ov Food, &(:. 


Russia 

1,000 rouble.^ 

78,t)7r> 


27,410 

German Empire 

iiiln. marks 

007 

1,810 

912 

France 

1,000 francs 

l,.50;j,ooo 

i,5or),o()o 

Nil 

Switzerland 

n 

2:w,()0() 

3;{2,000 

94,000 

Italy 

1,000 lire 

27l,4SO 

301,000 

117,120 

Aus'tria-llungary 

1 ,000 gulden 

(i-soi) 1 

108,411 J 

191,910 

92,178 


Raw and Humi-manufactlekd Matebials. 


Russia 

1 ,000 roubles 

211,497 

313,029 

71,132 

29 

Gennan Empire 

min. marks 

1,507 

2,247 

740 

49 

Francb 

1 ,000 francs 

2,011 , 

2,348 

334 

16 

Switzerland 

99 

308,110 1 

390,111 

82,001 1 

27 

Italy 

1,000 lire 

398,330 

.'50*),418 

111,088 1 

1 28 

Austria-Hungary 

1,000 gulden 

231,000 1 

293,000 

62,000 ' 

1 27 
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Tilt* drawback to this table Is that it i.s r»ne of values. Oonst^qiiently the in- 
crease of values in the later years may in part bf{ one of values only witlujut corre- 
sponding? increase of quantities. Hut the g’enoral course of prices in the period in 
question was not such as to cause a great change’ of values ajiart from a change in 
(]iy,ntities. Thii inference seems undeniable, then, that the Contiiumtal countries 
named, especially Germany, have largely increased their imports of food and raw 
materials of recent /ears — that is, have become increasingly dependent on foreign 
and oversea supplies. The position of Germany, with its enormous increase of 
food imports — from 007 to 1,810 million marks, or from 4o to over 00 million 
sterling, and its corresponding •increase of raw material imports — from 1,607 to 
'2/2^7 million marks, or from 76 to 1 12 million sterling — is especially remarkable. 

All examination in detail of the quantities imported of particular articles would 
fully confirm the impression given by the summary figures. Hut it may be enough 
to refer to the * Statistical Abstract * from which I have been quoting, as well as 
to Mr. Crawford’s paper. ' The figures are not out of the way in any respect, and 
it is the idea wo. have now to get hold of. 

The inference is that the difference between the United Kingdom and Continental 
countries, especially Germany, as regards depmidence on foridgn supplies of food 
and raw materials, is only one of degree, and that, as regards Germany at least, 
the conditions are already remarkably likti those of the United Kingdom, while the 
more rapidly Germany increases its manufacturing and industrial population, the 
more like it will become to this country. Tii other words, iji the future there will 
be two great countries, and not one onlv, dependent largely for their food and raw 
materials on supplies from abroad. What their ])ositioii is to be economically and 
otherwise relatively to the United States, whicli is at once the main source of 
supply, and a competitor with Kuropean countries in manufactures, is obviously a 
matter of no little inten^st. .\s a believer in free trade, 1 am sure that nothing 
but good will come to all the countries concerned if trade is interfen‘d with as little 
as possible by taritl’s and Government ri*gulations. I believe, moreover, that the 
practice of free trade, whatever their theories may be, will unavoidably be accepted 
by all three countries before long. Obviously, however, as the ntiw tarifr in 
Germany indicates, there is to be a great struggle in that country before the 
situation is accepted; and if some people in this country had their way, not- 
withstanding our long expiTieiicc of free trade and its biessiiigs, we should oven 
have a struggle here. 

There is another point of view^ from wdiich tlie facts should bo studied. We 
are nccustomed, and rightly so, 1 think, to consider naval preponderance indis- 
pensable to the saf(!ty of the iuupire, and especially indispensable to the safety of 
the country from blockade, and from the interrupt ion of its commerce, w’hich 
would be our ruin. Hut «)iir position in this respect is apparently not quite 
exceptional. Less or more our Continental neighbours, and especially Germany, 
are in the same boat. In the event of war, if they could not make up the loss by 
tralRc over their land frontiers, thev>voiild be just as liable iosiillbr fnmi blockade 
and interrupted commerce as w’e are. It is conceivable, moreovtu*, that in certain 
wars some of the countries might not bo able to make up by trallic over their land 
frontiers for blockade or interruption of ctmimerce by sea. We may apprehend, 
for instance, that Germany, if it w’ere victorious by sea in a war with France, 
would insist upon Helgium and Holland on one side, and Italy and Spain on the 
other side, not supplyitig by laud to France wliat had been cut olf by sea. One or 

1VliM.n .\l* i 1..-. •..*4-1. .... 41... _ 


♦»** uwmii'txva fMAu. 1 ♦ W 14 CH 4 V 4 . uub u 4 ua 0 up to (tcrmany by tv^um>w 
bad been cut off by sea. Gerinaiiy in this view', apart from any possibility of 
J’upture with this country, has a case for a powerful fleet. It is not quite so much 
hable to a blockade as we are, hut there is a liability of the same kind.* The 
question of naval preponderance among rival powders may thus become rather a 
senous one. If preponderance is to be nearly as essential to Germany as it is to 
this country, who is to preponderate ? What our practical action ought to be in 
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tlio premises is a question that might ensily lead us loo fur on an occasion like this, 
but the facts should be ever present to the minds of oiir ])ublic men. ^ AVe may be 
quite certain that they are quite well known and understood in the councils of the 
liussian, Clerman, French, and other Continental Governments, 


iYtVf PopulafioH and Xcw ^farkHs, o 

Anotlu'r idea suggested by the facts appears to be an answer to the question as 
to liow new markets are to be found for the products of an increasing population — 
a question which vexes the mind of many who see in nothing but foreign trade an 
outlet for new energies. The point was mentioned in my address at Manchester 
a year ago, but it deserves, perhaps, a inori' elaborate tn?ntinent than it was possible 
then to give. it. What we see then is that not only in tlii.s country, but in Germany 
and other Continental countries, millions of new people are, in fact, provided for 
in every ten years, although the resources of the country in food and raw materials 
are generally used to the full extent, and not capable of farther expansion, so that 
increasing .supplies of food and raw material liaA'e to be imported from abroad. 
How is the thing done? OI)vioiisly the main provision for the wants of the new 
people is etfected by themselves. They exchange services with each other, and so 
procure the major part of the comforts and luxuries of life which they require, 
'ihe butcher, the baker, the tailor, the dressmaker, the milliner, the shoemaker, the 
builder, the teacher, the doctor, the lawyer, and so on, are all working for each 
other the mo.st part of their lives, and the proportion of exchanges with foreign 
countries necessary to procure some thicig.s required in the general economy maybe 
very small. These exchanges may also very largely take the form of n remittance* 
of goods by foreijjn count rio.s in payment of interest on debts which they owe, so 
that the communities in question obtain much of what they want from abroad by 
levying a kind of rent or annuity which the foreigner lias to pay. If more is 
required, it may be obtained by special means, n.s, for instance, by the working of 
coal for export, which giye.s employment in this country to about 200,000 miners, 
by the employment of shipping in the carrying trade, by the manufacture of special 
lines of goods, and so on. But the main exchanges of'irny country are, and must 
be, as a rule, at home, and the foreign trade, however important, will always 
remain within limits, and bearing .some proportion to the total e.xchanges of the 
country. Hence, when additions to the population, and how they are to live, are 
considered, the* answer is that the additions will fill up proportionately the frame- 
work of the various industries already in existence, or the ever-changing new 
indu.stries for home consumption which are always starting into being. These 
are the primary outlets for new population even in old countries like the United 
Kingdom and Germany. Of course, active traders and manufacturers, each in his 
own way, are not to take things for granted.^They must strive to spread their 
activities over foreign as well as over home markets. But looking at the matter 
from the outside, and scientificallv, it i.s the home and not the foreign market 
which is alway.s the most important. 

•The .same may be said of a country in a somewhat ditfenmt economic condition 
from bmgland and Gtjrmany, viz., the United 8tate.s. I can only refer to it, 
however, in passing, as the facts here are not so clearly on the surface. Contrary 
to Kngland and Germany, which have no food re.sources and resources of raw 
material capable of indtdinile expansion, the United States is still to a large 
extent a virgin Country. Its increasing population is therefore provided for in a 
different’ way for the most part from the increase in England and Germany. But 
even in the United States it has been noticeable at each of the last census returns 
that the increasing population finds an outlet more and naore largely, not in agri- 
culture and the extraction of raw materials, hut in the miscellaneous pursuits of 
industry and manufacture. The town population increases disproportionately. In 
the last census especially it was found that the overflow of population over the 
far Western States seemed to have heen checked, the increase of population being 
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mainly in the older States and tlie towns and cities of the older States. The 
phenomena tn England and Germany and in other Continental countries are 
accordinjfly not singular. Tlie older countries, and the older parts even of a new 
country like the United Staltis are becoming more and more the centres where 
populations live and grow, )>ecau.se they are the most convenient places for the 
general exchange of Services with each other among the component parts of a large 
population, wjiicli constitutes production and consumption. A small expenditure 
of etFort in proportion enables such communities to obtain from a distance the food 
and raw materials which they acquire. Migration is no longer the necessity that 
it was. 


Decline in Rate of Growth of Poimlation, 

I come now to another idea appearing on the surface of the census returns 
when they are compared for a long time ]ust, and the connected returns of birrhs, 
marriages, and deaths, wdiicli have now beem kept in most civilised communities 
for generations. Great ns the increase of population is with which we have been 
dealing, there are indications that the rate of grow'tli in the most recent census 
pijriods is less in many (pjarters than it formerly was, while there has been a 
corresponding decline in tlie birth-rates; and to some extent, though not to the 
same extent, in the rate of the excess of births over deaths, which is the critical 
rate of course in a question of the increase of population. These facts have sug- 
g(‘sted to some a question as to how far tlie increase of population which has been 
so marked in the past century is likely to continue, and speculations have been 
indulged in as to wdietber there is a real decline in the iecundity of population 
among the peoples in question resembling the decline in France, both in its nature 
and consequences. I do not propose to discuss all these various questions, but 
rather to indicate the way iii which the problem is suggested by Die statistics, and 
the importance of the questions thus raised for discussion, as a proof of the value 
of the continuous statistical records themselves. 

The United States naturally claims lirst attention in a matter like this, both 
on account of the magnitude of Die increase of population there, and the evidence 
that recent growth has iK)t been quite the samt^ as it w’as earlier in the century. 
(\)ntinuiiig a table which was printed in my address as President of the Statistical 
Society, in 1882, above referred to, we find that the growth of population in the 
United States since 1800 has been as follows in each census period: — 


Population in tho United SfateHy and Tnercasc in vaeli Cemus Period of the 
Nimteenih Century, 







Increase since previous Census 








— 






Aniouut 

I'^cr Cent. 





Millions 

^Millions 


1800 




5;j 





ISlu 




72 

1-9 

:iG 

1820 




9(; 

2*4 

38 

18.10 




129 


;u 

184u 




17-1 

4-2 

33 

1850 

• 



28-2 

O'l 

36 

1^60 

• 



:u-t 

8-2 

36. 

1870 

% 



.18-5 

7-1 i 

1 23 

1880 

• 



50-1 

11-0 

30 

1890 




02(; 

12-5 1 

25 . 

1900 




75-7* 

131 i 

21 




• This does not include population of Indian reservations, &c., now included in 
the official census for the first time. 
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Thus it is quite plain that somothin|^ has luippeiit'd in the United States to 
diminish the rate of iiicr(‘as(< of po|mlation after J8t)t). Up to tluit time* the 
growth in each eeiisus period fnuu JM.)0 downwards luid rnn^ied h(‘tween and 
iiO j)er ci*nt. Sinct^ th(*u tlio liigliest rati»s liave been oO per cent, between 1870 and 
1880, and iJo per cent. ])etween 1880 and l800. There is a suspicion, moroovw, 
that, owin^ to errors in the census of 1870, wliieli wtu’o (‘orrecl(?d in 1880, the 
increase between 1870 and 1880 was not quite so liij^di as stated. There is ac- 
conlinjrly a somewhat stet'p decline from a prnnvth in ca(*Ii ten yeai*s 'prior to 1800, 
ran^nng between 0:5 and .‘JO per cent., to a growth iirst of about 25 per cent., and 
finally of 21 pt*r cent. only. Tlie (’ivil War of tlie early sixtie.s naturally occurs 
to one as the explanation of the break immediately alter 1800, but the otlbcts 
(rould haitlly have continued to the pmsent time, and a more general explanation 
is suggested. 

( Itlier special explanations havt* occurred to nu* as partly accounting for the 
(rhange. One is that, prior to 1800, tlie United States at dill'erent times in- 
creased its terriinry and popidation partly by purchase and partly by annexation. 
But I cannot make out that t‘ither the purchase of Louisiana early in the century, 
or the subsequent annexations following the Mexican war, would make a material 
difference, 'riicre is a considt*rjible inmease cm tiiinly after tln^ Mexican war, but 
it would be dillieiilt indee»l to estimate how much of the population of Texa.s and 
New Mexico, wliicli was then added to the Union, had jnevioiisly swarmed over 
from the Union, ami Iial thus been from the first economically, if not politically, 
part of the United States. Another ohvkms .suggestion is that possibly immigra- 
tion into the United States has fallen tdf a.s compared with what it formerly was. 
But this explanation also fails, as far as the otlicial figures carry u.s. The pro- 
portion of immigration to the total increase of population in each eemsus period 
since 1 800 , previous to which I have not been able to obtain figures, has been as 
follows : — 

PropoTthm of Imm if/rat io/i io Tolnl Inrmm' of Poindation i/i the under mentioned 
Periods in the- United States. 

Per Cent. Ter C**iit. 

Js20 30 .... 1-7 . 3SU0-70 .... 35 0 

1830-10. . . . 1U2 I87()-S0 .■» •* . . . 2I'2 

1840-50 .... 271) 18S0410 .... 42'1 

l.^oO-UO .... :n*5 JHOO-IOOO . . . 2t)-4 

Immigratifin, according to lln?se figure.«», has thus in late years played as 
important a part as it formerly did in the increase of population in the United 
States. Possibly the otlicial figures of immigration of late years are a little 
e.xaggeratcd, as the United State.s ( iovernment does not show a balance between 
imniigratifUi and emigration; but 'whatever corrections may be made on tliis 
account, the recent figunj.s of immigration an* too large to permit the supposition 
that tiic failure of immigrants accounts in the main for the diminished rate ot 
increase of tin? population generally. The ten years’ jjercentago of increase with- 
out immigrants, 1 may say, varied before 1801) between 24 and o2 per cent., and 
has since fallen to 14 and 15 ])er cent. Eviui if the latter ligures should be- 
increased a little to allow for the over-e.stimato of immigration, tlie change would 
be enormous. 

Passing from the United States, we meet witli .'*imilar phenomena in Aus- 
tra]a.sia. Indeed, what has Iinppened in Aicstralusia of late has been attracting a 
good deal of attention. The following .sh/>rt table, which is extracted from the 
statistics of Mr. Coghian, the able statistician of the Government of New South 
Wales, gives an idea of what has occurred : — 
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Vopidatio)i of Australasia at different Dates, with the Annual Increase 
prr Cent, in each Period. 




Annual ! 



> Annual 



Tnoroiise 



Increase 

m — - 

Population 

per Cent. 

— 

Populutioi 

i per Cent. 



HincG ])rcviouB ^ 



: since previous 



Date ; 

1 



j Date 


Thousands 

. 


Thousands 


1788. 

10 

t 

1851 . 

430 0 

7-30 

1801 . 

6*5 

1 

1801 . 

1,253-0 

11-30 

1811 . 

11 -5 

IIOI 

1871 . 

1. 024-8 

4-30 

1821 . 

o5*G 

5-88 

1881 . 

2,712 5 

3 (10 

js;{i . 

7it:i 

8 ‘3 4 

18‘.H . 

3.s01> 0 

3 34 

isll . 

2111 

10 28 

1801) . 

1,4 83 0 

2-1 

Sujfplementury 'J 

aide of Rate 2 )e 

/• Cent, of Increase si nee 

1800. 



Per Cent. 



Per Cent. 

1801 

• • • 

. 3-34 

isim 

. 

. 1-84 

1802 

• • • 

. 210 

181)7 

. . 

. 1-80 

IHii-l 

. • ft 

. 1 tHi 

1S!»8 

... 

. 1-10 

181M 

• ft • 

. 1 05 

ISDI) 

> • ■ 

. 1-14 

1805 

ft • ft 

. 1 -88 





The decline in the rate of incrt'usti is so great and palpable as to need no 
[loniniont. 

Here the ])erturbntioii.s due to immigration have obviously been greater than in 
the case of the United States. The country was, in fact, settled mainly between 
ISoO and 1870, without previously having had a population to speak of. But 
bdiicting inimigration, tlio increase would appear to have been as follows in each 
ilecade : — 

Hate of Increase per (\*nt , of Population in Australasia, deduetimj 
Jmmhjraiion, in the undermentioned I*eriods. 

Per Cent. Per Cent. 

iSni-tU) . . is-o js.sO-00 . . . , :>ir> 

lS(5()-70 .... IJO'O 18'.K)-tK) .... IGO 

1S7()_8<) .... 

Of course, so long as immigration continues, the oflect is to swell indirectly the 
natural increase of population, so that the large increases liere shown hetween 
l8ol and 1870, and even down to 1800, may be accounted for in part as the 
indirect result of the large immigration tliat was going on. But whatever the 
eau.se, the fact is unmistakable that tlie ratt^ of Micrease, apart from the direct 
immigration, lias declined just as it has done in the Unitt'd .States. 

Tliero has been a .similar though not nearly so marked a decrease in England, 
at any rabj if we carry the compari.soii back to the perioil before LSoO. The 
population at each census period .since 1800 in Paiglaiid, with the percentage 
increase between each census period, have been as follows : — 

Population of England at the Dale of each Census since 1800, frith Percentage of 
Increase hetteeen each Census. 


! 


Increase i)er 



Increase per 

— 

Population 

Cent, since 
previous 

— 

Population 

Cent, since 
previous 

. . 


Census 



Ceniius 

• 


Millions. 



Millions. 


1800 

8-S) 

— 

1860 

20-1 ; 

11-0 • 

1 18X0 

10-2 

14-0 

1870 

. ; 22-7 

13-2 

! 1820 

12-0 

18T 

1880 

. 1 20-0 1 

14-4 

1 1830 

13-0 

16-8 li 

1800 

. j 29-0 

11-0 

1840 

15-0 

14-5 

1900 

. i 32-3 

12-2 

18.50 

17-0 

12-1) 
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Thus the increase between recent census periods has boon sensibl3’’ less than it, 
was be lore I8o0; and the slight recovery between 1800 and 1880 lias not been 
inaintiiined. We are thus in presence of much tlie same kind of change as has 
been shown in the (Tinted States and in Auatrainsia. 

It should be nott'd, however, in order that we may not strain any fact, that, 
when the United Kingdom is viewed as n whole, Scotland and Ireland, as well as 
the senior partner, being taken into account, it cannot be said that there is any 
falling olVin the rate of growth of tlie population since 1850. For ^^veral decades 
after that, in fact, the rate of growth of the United Kingdom as a whole was 
diminished t'liormously by the emigration from Ireland, and the growth since 1800 
has been at a greater rate than in the thirty years before. There may be new 
causes at work which will again diniinisli the ratt* of growth, but in a broad view 
they do not make thenisohos visible owing to the disturbance caused by the Irisli 
emigration. Still the facts as to the United Kingdom ns n whole ought not to 
prt‘vent us from considering the facts respecting England only along with the 
similar facts respecting the United States and Australasia. 

These diminutions in the rate of growth of large populations, as I have indicated, 
are corroborated by a study of the birth-rates, and of the rate of the excess of 
births over deaths. 

The ITnited States unfortunately is without birth- or deatli-ratc^, owing to the 
want of a general system of registration over the whole country. This is a most 
seriotis defect in tlie statistical arrangements of that great country, which it may 
be hoped will be remedied in time. In the absence of the necessary records I 
have made some calculations so as to obtain a figure which may be provisionally 
substituted for a proper rate of the (*xcess of births over deaths, which I submit 
for what it may be worth as an approximation, and an approximation only. In 
lhe.«e culeiilalions one-tenth of the increase of population between two census 
periods, apart from immigration, is compared with the mean of the population at 
the two census dates themselves, with the following results: — 

Approximate Rate of Excels of Rirth a over Deaths in the United States^ calculated 
from a Comparison of Onedentk the Increase of DopuUition hetrveen the Census 

Periods, (ledneiintj Immigrants, n'iih the Mean of the Snmhers of the Population 


at the tivo Census Dates, 


• • 



1 

*2 

8 

4 

' 


^lean 

of Population 
Ixitwecn 

One-tenth 
of increase since 

Calculated Excess 
of Births over 

Year 

Population 

previous ConsuB, 

Deaths per 1,(H)0, 

' 


two CcnsuBCB 

less 

IiumigrantH 

proportion of 
Col. a to Col. 2 

! 

Miilionu. 

Millions. 

Tliousands. 


isoo . 

5:5 


— 

— 

1810 . 

r'l 

Vr2 



— 

l8:.^o . i 

or, 

8-4 



ls:jo . 

120 

11*2 


28 

1840 . ; 

171 

150 


; 24 

1850 . i 

28' 2 

! 20*1 

i 441 

1 22 

18(50 . 1 

h-i 

27*:{ 

565 

* 21 

1S70 . i 

1*8 *5 

:j5o 

462 

‘ 13 

1880 . ; 

50-2 

14*4 

878 

20 

1800 . ! 

r, 2 « 

5(5*4 

722 

13 

1000 . 1 

76-7 

60*2 

023 

1 13 


Thuju, while the excess rate was as higli as 21 to 28 per 1,0()0 before 18C0, i^ 
has* since fallen to one of IP* only, or about one-half. Whatever validity may 
attach to the method of calculation, tlie real facts would no doubt show a changt^ 
in the direction of tlio table — a decline in the rate of tlie excess of births over 
deaths from period to period. The decline in the growth of population is thus not 
merely the direct eflect of a change in immigration, but is connected with the birth- 
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and death-rates themselves, althougli these rates are of course indirectly affected 
by the amount and proportion of immigration. It would be most important to 
know what the decline in the birth-rate is by itself, and how far its effects on the 
growth of po])ulation have lM3en mitigated or intensified by changes in the death- 
rat(? ; but United States records generally give no help on this head. 

• Dealing with Australasia in the same" way, we have tlie advantage of a direct 
romparison of both birth- and death-rates and the rate of the excess of births over 
deaths. Thisjs done in the following table : — 

Birth-rate and Death-rate and Utatr of Kfcrsa of Births or or Deaths in Anstralana 
for undermentioned Years. 

[From Mr. Coghlan’s Btatistics.'J 


— 


j Birth-ratft 

1 Death-rate 

Excess of Births 
over Decitlis 

i«(n-65 . 


! 41-92 

1 15-75 

25-17 

lS(.'»G-70 . 


i H9-84 

]5-(;2 

21-22 

1871-75 . 


1 37-34 

j 15-2() 

2208 

187r»-«() 

• • 

1 :{()-38 

: 1504 

2i-:i4 

1881-85 . 

« • 

! 35-21 

11-79 

20-42 

188(5-90 . 

t 

i .34-4.3 

13-95 1 

20-48 

! 18!»l-5»5 . 

• • 

31-52 

12-74 

lS-78 

1 lS!)«-9il . 


27-35 

12 39 

' 14-«f5 


Thus from a high birth-rate forty years ago Australasia has certainly gone 
down to very ordinary birth-rates, lower than in the United Kingdom and in 
Continental countries, and Australasia certainly has had heavy declines in the rate 
of excess of births over deatlis, viz., from in J801-6*/> to 15 in 1806-01), 

which is to be compared with the decline in the United States, as above stated 
approximately, from in 1820-60, and 21 as late as i860, to 13 in the last twenty 
years, 

A similar table for England onl}' gives the following results: — 


Birth-rate a 7 id Death-rate and Bate of Kxcess of Births over Deaths in England 
for vnder mentioned Years. 


1851 . 

Birth-rate per 
1,000 

. 

34-2 

Death-rate per 
1,000 

22-0 

Excess of Birth- 
rate over Death- 
rate 

12 -2- 

18(51 . 

. . . 

21(5 

13-0 

1871 . 

:450 I 

22 -G 

12-4 

1881 . 

. . . 1 33-9 1 

18 9 

15-0 

1891 . 

. . . j 31-4 1 

20-2 

11-2 

1899 . 

. * 29*3 1 

i 

18-3 

11-0 


Eoiv. -IIii;hest birth-rate. 

ill 1876, 3(5-0. 



Here the birth-rates, to begin with, are not so high ns in Australasia, and 
presumably in the United States, and the excess of births over deaths, though it 
lias declined a good deal since 1871-81, when it was highest, has been by com- 
parison fairly well maintained, being still 11 per 1,000, as compared with 12‘2 in* 


We have thus on one side a manifest decline in the rate of growth of population 
in three large groups of population, coupled with a large decline of birth-rates in 
l^ngland and Australasia where the facts are known, and a smaller decline in the 
rate of the excess of births over deaths, this decline in England as yet being com- 
paratively small. Such facts cannot but excite inquiiy, and it is an excellent 
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result of the use of continuous statistical records that tiu^ questions involved can 
he so definitely raised. ^ 

As I have stated, it would be foroiprn to the object of this paper to discuss fully 
the various questions thus brought up for discussion, but one or two observations 
may be made havinjr regard to some inferences which are somewhat hastily draigirn. 

1. Tln^ rate of growth of population of tho coiiimnnitios may still bo very con- 
sideralde, if it is no higher than it lias been in the last ftw years. A growth 
of Id, 15, or even ll^percfuit. in ten years, owing to the excess of births over 
deaths, is a very considerable growth, though it is much less than the larger figures 
whicli existed in some ])arts forty or fifty years ago. ^^'llat has happened in tho 
United Kingdom is well worth observing in this eonnection. Since 1840 the 
population i>f the I'nited Kingdom as a whole has increased nearly 00 per cent., 
although the increase in most «d' the decades hardly ever exceeded 8 per cent., 
and in 1840-50 was no more than per cent, 'fhe increase, it must be rcmem- 
bereil, goes on at a compound ratio, and in a few decades an i‘novmous cbnuge is 
apparent. TIu‘ increase from about i7tt to 510 millions in tin* course of the last 
century among Kuropi'an people generally, tliongh it includes tho enormous growth 
of the I'nited States in those decadt‘S, when the rate of growth was at the highest, 
also includes tlie slower growth of other periods, and tlio shnvtu* growths of otlier 
countries. An addititin of evtm 10 per cent, only as the average every ten years 
would far more than double the 5(K) millions in a century, and an increase to at 
least 1,500 millions during the century now beginning-, unless some great change 
slnnild occur, would aecor<lii]gly' a]>pear not iinprobahh*. 

Some of the rates of growth of pf)pulatioii from whicli there has been ii 
falling off of late years wore obviou.^ly quite abnormal, i refer especially to tho 
growth ill Australasia btjtween 18.50 and 18S0, and the growth in the United 
States prior to IsOO. They were largely due to tho indirect effect of immigration 
which has been already referred to. 

The population to which immigrants are largely added in a few years, owing 
to the composition of the population, has its birth-rate.s momentarily increased and 
its deatb-ratt‘s diminished — the hirth-ral(‘s because there are more people relativcdy 
at the child-producing Hge.*^, and the death-rates bi'cause the whole population is 
younger, than in edder countries. It appears (piito unnecessary to elaborate this 
point. The rates of the exce.^s of births over deaths ir. a country wliich is receiving 
a large immigration must he quite abnormal conqiared xvitli a country in a more 
normal condition, while a country from Avliich there is a large (‘migration, such as 
Tndand, must tend to .show a low(*r exce.ss than is consistent with a normal con- 
dition. 4’lii.s explanation, it may be .said, does not apply to Kngland, since it is .'i 
country whicli has not been receiviiiL^ a large immigration or .•^ending out, except 
occasionally, a large emigrafioii, lOnghind, how».jV(M-, must have been affected both 
-ways by movements of tliis chnract(‘r. If received uniloid.tpdly a larg(^ Irish 
immigration in tlie rarly part of last C(*nturv, and in nmre. recent periods tho 
emigration in some decades, jiarticiilarly between 188f) and lsf)0, ap]>ears to have 
been large enough to have a. sensible effect oij both the birth-rate and the rate of 
1 he (jxcess of births over deatlis. This »*flect would ho (anitinned down into the 
following decade, and the consideration is lhi*refori; one to l,e taken note, of as 
accounting in part for the rec-ent declinii in birth-rates in hhiglancl. 

In addition, h.iwever, it is not improhahhi that there was an abnormal increase 
of population in the early ])art of la.'*! century, due. to the siiddim multiplication of 
resources for the benefit of a poor ])opulat ion whicdi had previously tended to grow 
at a very rapid rate, and would liavcj grow'ii at that rate but for tlio checks of war, 
pestilence, and famin*;, on which Malthus enlarges. Tho sudden withdrawal of 
tliQ checks in this view would thus hi? the immt'diate cause of tho singularly 
rapid growth of population in tho early ])art. of last century. It is quite in 
accordance with this fact that a gfuieration or two of pro.sperity, rai.sing the scale 
of li^ng, would diminish the rate of growth as compared with this abnormal 
d(ivelopment, without affecting in any degree tlu^ permanent reproductive energy 
of the people. 

ii. It is also obvious that one explanation of the decline in birth-rate, and of 
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tho rate of tbe excess of births over deaths, may also be the greater vitality of the 
populations conc(»rned, so that the composition of the populatLon is altered by an 
increase of the relative numbers of people not in the prime of life, so altering the 
proportion of the people at the child-producing ages to the total. This would be 
too complex a subject for mo to treat in the courstj of a discursive address. Nor 
would it explain tlio whole facts, which include, for inslance, an almost .stationary 
annual number of ljh*tbs in the L'nited Kinplom for more than ton years past, not- 
withstanding^the largol}' increa.sed population. Jbit tlie case may be one where a 
great many partial explanations coiitribnle to elucidate the phenomena, so that this 
particular explanation cannot overlof»lu‘d. 

1. There remains, however, the question whicli many people have rushed in to 
discuss — vi/., whether tlie reproductive power of the. populations in question is 
(jiiite as great as it was fifty or sixty years ago. We have already heard in some 
quarters, not mendy that tho reproductive eiu‘rgy has diminishfHl, but 8Ugge.stions 
that the jiopulations in question are following tlie example of the French, where 
the rate of increase of the population has almost crane to an end. Apart, however, 
from the suggestions above made as to the abnormality of the increase lifty or 
sixty years ago, so that some decline now is rather to he expected than not, I 
would point out that the subject is about as full of pitfalls as any statistical 
problem can he, for tlie simple reason that it can only bo .‘ippronched indirectlj’’, as 
there have been no .statistical records over a long series of years .showing the pro- 
portion of births to married women at the child-producing ages, distinguishing 
the ages, and showing at the .«ame time the ])roportion of the married women to 
tho total at tho.Sf3 ages. Fnless there are some sueh statistics, direct comparisons 
are impossible, and a good many of the indirect methods of approaching the sub- 
ject which I have studied a little appear, to say tlie J(*ast, to leave imicli to be 
desired. W(^ find, for instance, tliat a cnnipari.son has been made in Australasia 
hetwtHMi file number of marriages in a giv(*n year or years and tho number of 
births in tho live or six y(‘ars following, w'hich show, it is said, a remarkable 
decline in tho proportion of liirtlis to marriages in recent years ns compared wdth 
twenty or tliirty yoar.s ago. It is forgotten, how'cvcr, that at the earlier dates in 
Australasia, wdien a largo immigration vras taking place, a good many of the 
children born w'ore tlu^ children of panmts who liad been married before they 
entered the country, while then* are hardly any (diildren of such parents at a time 
when immigration has almost ceased. The answer to such questions is in truth 
not to he rushed, and the question with statisticians .should rather ho how the 
statistics are to he improved in future, so that, although the past cannot be fully 
explained, the regular statistics themselves will in future give a ready answer. 

5. One more remark may, perliaps, he allowed to me i)ii account of the delicacy 
and interest of the subject. To a certain extent tin* causes of a decline in repro- 
ductive energy may be part and ])arcel of the improved condition of the popula- 
tion, whicli leads in turn to an increase of tlio age at marriage, and an increase of 
celibacy generally through tiu* itidisposition of individual m(*mb(*rs of the com- 
munity to run any risk of sinking in the scale of living wdiich they may run by 
premature marriage. Tlu'st* causes, however, may operate to a great extent upon 
the birth-rate itself without diminishing the grow^th of po])ulation, because the 
diildren, though born in smaller proportion, are better cared fi>r, and the rate of 
exce.s8 of births over deaths con-sequently remains con.'^iderable, although the 
birth-rate itself is low. The serious fact would be a decline of the rate of the 
excess of births over deatlis through the death-rate remaining c»imparntively high 
while the birth-rate falls. It is in this conjunction that the gravity of the 
stationariness of population in France appears to lie. While the birth-rate in 
France is undoubtedly a low one, 21*9 per 1,000 in according to the latest * 
figures before me, still this would liave been quite sutlicii'iit to ensure a consider- 
aolo excess rate of births over deaths, and a considerable increase of population 
every ten years if the death-rate had been as low ns in the United Kingdom -^viz., 
18*3 per 1,000. A dilFerence of 3*0 per 3,000 upon a population of about 
40 millions comes to about 150,000 per annum, or 1,500,000 and rather more 
svery ten years. In France, how'everj the death-rate was 21*1 per 1,000, instead 
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of 18*3, as in tlio United Kingdom, and it is this comparatively high death-rate 
wliich really makes the population stationary. The speculations indulged in in 
some quarters, there tbiv, though they may be justilied in future, aye hardly yet 
justilit'd by the general statistical facts. The subject is one of profound interest, 
and must be carefully studied ; but the conclusions 1 have referred to must be 
regarded ns premature until the study has been made. «. 

Conclmixm. *' 

Such are a few illuslratious of the importance of the ideas whicK are suggested 
by the most common statistics — those of the n>srular records which civilised 
societies have instituted. It is, indeed, self-evident how important it is to know 
such facts as the growing weight of countries of Kuropean civilisation in com- 
parison w ith others ; the relative growth of the British Empire, Kussia, Germany, 
and the United States, in comparison witli other nations of Europe or of Euro- 
pean origin ; the dependence of other Euroi)ean countries as well as the United 
Kingdom upon imports of food and raw materials; the ability of old countries 
and of old centres in new countries to maintain large and increasing populations ; 
and the evidence whicli is now actaimulating of changes in the rate of growth of 
European nations, wdlh suggestions as to the causes of the changes. It would be 
easy, indeed, to write whole chapters on some of the topics instead of making a 
remark or two only to bring out their value a little. It would also be very easy 
to add to the list. Tliere was a strong temptation to include in it a rehirence to 
the relative growth of England, Scotland, and Ireland, which has now become the 
text of so much discussion regarding the practical question of cliraiiiishing the 
relative representation of Ireland in Parliament, and increasing that of England 
and Scotland. It is e.xpedient, however, in an address like this, to avoid anything 
which verge.s on party politics, and I shall only notice that while the topic has 
lately become of keen intere.st to politicians, it is not new to statisticians, who 
W’ere able long ago to foresee what is now* so mucli remarked on. This very topic 
w'as discussed at length in the addres.ses of 1882-8;>, to which reference has Wn 
made, and even before that in l8r(l it received attention.* Another topic which 
might have been added is that of the economic growth of the diflerent countries 
which wa.s discussed in the address in 1883 ; and such topics as the increase of 
population in a country like India under the peace imposed by its European 
conquerors, by w hich the stationariness of the countty in numbers and wealth 
under purely native conditions has been clianged, and something like European 
progress has been begun. Enough has been said, however, it may be hoped, to 
justify this mode of looking at statistics, and the ideas suggested by them. 

May I once more, then, express the hope, as 1 have done on former occasions, 
that as time goes on more and more attention w’ill be given to these common 
statistics and the ideas derived from them ? The domination of the ideas suggested 
by these common iigures of population statistics, in international politics and in 
social and economic relations, is obvious ; and althougli the decline in the rate of 
growth of population in recent years, the last of the topics now touched on, 

^ great many points which the stHti.stic.s themselves are as yet unfit to 
solve — what can he done w'ith a great country like the United States, absolutely 
devoid of bare records of births, marriages, and deaths still the facts of the 
decline as far as recorded Ihrjjw a great deal of light on the social and economic 
history of the past century, prepare the way for discussing the further topics 
which require a more elaborate treatment, and enforce the necessity for more and 
better records. We may emphasise the appeal, then, for the better statistical 
and economic education of our public men, and for the more careful study by all 
concerned of such, familiar ])ublications as the * Statistical Abstracts/ the 
* Statesman’s Year-book,’ and the like. The material transformations which are 
going on throughout the world can be substantially followed without any 
diflicttlty in such publications by those who have eyes to see; and to follow such 
transformations, so as to be ready for the practical questions constantly raised, is 
at least one of the main uses of statistical knowledge. 

* See IXssayg in J'^inanoe, 2nd series, p. 290 et eea. ; p. 830 et eeg, i and Ist series, 

p. 280 tftWflr. 



TJIAXSACTIONS OF SECJTION F. 


741 


The following Papers were read : — 

1. The Postulates of the Standard. By William Waukaxd Caiilile, M.A. 

Professor Walker’s exposition of th(i manner in wLicli the standard substance 
(••mcs to measure values in his ' Aloney Trade and Industry ’ shows the fallacy of 
the current view tlj^it any commodity can measure the value of any or of all 
others. AVe find, on the contrary, that the postulate of tlio whole process is this, 
tliMt there inftst be a general desin* for the substance which becomes tlie standard. 
Should this general desire cease to operate, the value-measuring process would 
cease also. Tliis general desire must therefore be an insatiable desire. I low it 
Ijecaine so is a question that it is not proijosed to enter on at present, but rather to 
lo(»k at the fact in some of its bearings. In connection with the Tabular Standard 
it seems clear that the natural gold standard must be, all the time, the basis of the 
])rices whose average forms it. Being a mere secondary product, it could never Ikj 
substituted for the priniary. The conception of reality or objectivity depends 
upon human intercourse. Such senaationa only give the impression of reality as 
are capable of exact comparison as betwetm man and man. This applies also to 
the conception of value. For such exact comparison, however, a common meeting- 
ground for human desires is needed. This is furnished by tht* existence of one 
substance w'hich is the general goal of industrial effort. The Austrian theory of 
deereasing degrees of utility ignores this. It has some application to expenditure 
on immediate consumption, but only a forced and unnatural one to business sales 
and purchases. 

Though one murit begin with the central fact of an insatiable desire for the 
' tandard substance, the next fact with which we are struck is its unlimited re- 
placeability, for the purposes of money, by othcT .substances. If a man has a 
document conveying to him the immediate right to gold on demand, the chances 
ao! a hundred to one that he will never ask for the gold itself at all. The 
document will serve all his purposes quite as well. Thus an immense mass of 
substitute.s for gold comes into existence. But in all theories of demand and 
supply fluctuations in the sup])ly of substitutes are held to affect the value of the 
original commodity just ns much as fluctuations in its o\vn supply; and so with 
the standard. The inorij completely inviolable, therefore, the gold standard 
is niaimuined bv legislalioiT, the more effective do these documents become as .sub- 
stitutes for gold, and the more, con-sequently, is the volume of money iDCT*eased. 
'fliis may be con.sidered in connection with Jevons’ metaphors of the two 
eislerns connected by a pi]H‘, and of the two interoectiug lines represent ing* gold 
and silver re.spcctively. The m(»dm’n system connects all commodities by pipes 
into one great cistern csilled money, and neutralises all fluctuations. It really 
fulfild the ideal of the framers of sy.'^tems of multiple tendt*r. .Vs a product of 
evolution, showing an interesting system of miaptatiou of means to cuds, it is 
comparable to the bumnn ear or tbo liuiuan eye. 


2. Some Notes on the Output of Coal from the Scottish Coalfields. 

By UoHERT AA\ Dron, A.MJnst.C^E. 

During the last few years tliere has been a growing* feeling of uneasiness 
regarding the duration of our coal supply, and there is at present a movement in 
favour of a further inquiry as to the extent of the coal resources of Great 
Britain, 

The following con.siderations regarding the Scottish coalfield are in most , 
cases applicable to the win do of Great Britain. • • 

The output of coal in Great Bn tain in the year IdOO was about 2,000,000 tons 
per annum, and of that quantity Scotland probably produced about 260,000^ tons* 
Since then there has been a steady progression, until now the Scottish output 
amounts to 81,142,612 tons per annum. The total quantity of coal which 
been worked in Scotland up to the present date may be estimated at 1,600 xniUion 
tons, and the quantity .still to work at about 10,000 million tons. 

1901. 
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During tlie last 400 yeais them have been many alarms regarding the 
approaching exhaustion of the coaltields, with the result that at various periods 
laws have been passed either totally prohibiting the exportation of coal or placing 
a heavy tax on any coal exported. 

In recent years the proportion of the output which is exported has increased 
enormously. In 1801 the proportion of the output exported was only 0*4 per 
cejit., whereas last year it amounted to over 20 per cent. In 1861 the home con- 
sumption per head of the population was about three tons per anniia, whereas it 
is now over five tons per head of the po])ulation. Most of the Scottish coal 
exports go to the continent of Europe, and about 2'} per cent, of the whole export 
goes to tier many. 

If the export and home consumption are to continue increasing at the present 
rate, then by the end of this century the Scottish output will bo 60 million tons 
per annum, and the 10,000 million tons we have available will be exhausted in 
about 180 years. If all the coalhelds were producing coal in the same proportion 
to their area as in Lanarkshire, the output of Scotland would be 60,000,000 tons 
per annum. Such an output will never be required, because methods w’ill be 
found to use the coal much more economically than at ])re8ent, so that one ton of 
coal will do the work for which two tons are now required, and in that way the 
duration of the coalfields will be prolonged indefinitely. A great deal of coal is 
being wasted in the working, and in shafts and bores many thin seams are being 
passed through of which no national record is kept. There should be a Govern- 
ment department for the inspection of systems of working and for the preservation 
of exact records of all shafts and boros. 

More than one-half of the Scottish output comes from the Lanarkshire coal- 
field, and at the present rate all the coals in that county will bo exhausted in 
forty years; but within twelve or fifteen years all the thick and easily wrought 
seams of the Clyde basin will be worked out. This is not such a serious matter 
for the j)opulatron of Glasgow and the west of Scotland as at first sight it might 
appear. The royalties payable on these coals are from Or/, to Jri. Or/, per ton 
higher than are payable on similar coals in the outlying districts. As the Lanark- 
shire coals become exhausted less money will be paid to the landlords and more 
to the railway companies, but the net result will not bo any very serious increase 
in the cost of fiiel. • * 

The royalties at present being paid in Scotland vary from 2k(/. to 2s. per ton, 
or on a sliding scale from to ^ of the selling price. From the report of the 
Iloyal Commission on Mining Royalties it appears that the average royalt}*^ pay- 
able in Scotland in 1801 was O oh/. per ton. 

The average profit earned hy the coalmasters under normal conditions is Sfl 
per ton. 

Coal-cutting machines have been in use in Scotland for over thirty years, and 
last year 629,791 tons wrere produced by that method. It is not ignorance or 
prejudice which prevents the more extensive use of these labour-saving appliances, 
but the physical conditions under which most of the seams are now being worked. 
In practically every case where coal-cutting machinery can be used to advantage 
it has been adopted ; but in the future it may come to be more largely used when 
thinner seams are opened up. 

The annual output per man employed is 360 tons. In y.S. America it 
amounts to 400 tons, but in Germany it is only 270 tons per man. 

The greatest depth from which coal is being worked in Scotland is 2,760 feet 
below the surface. 


3. TXe Growth and Geographical Distribution of Lunacy in Scotland. 

‘ By J. F. Sutherland, M.D. 

The lunacy forming the subject-matter of this communication is what is known 
as ‘ pauper lunacy,’ an unfortunate and misleading term in so far as it refers to 
the lunacy urbing in 80 per cent, of the population, whereas indigency, pauperism, 
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destitution, and delinqiiencjr account for about 10 per cent, of tbe population, 
and aflluence for the remaining 10 per cent. 

The maintenance of a pauper lunatic in an institution calls for an annual 
expenditure of 30/., a sum beyond the reach of 80 per cent, of the population. 

^The lunacy statistics of the last two decades contrasted and the geographical 
distribution of lunacy (1001) set out (yUa shaded map). 

Jletween the luiftcy ratios of the four main areas of Scotland with economic, 
ethnic, and geggraphical diflerencea there are percentage diiferences respectively of 
04, 72, and 62.^ 

(Controversion of views put forward to the eficict that lunacy is going up by 
leaps and bounds, views suggestive of a state of matters not without risk to the 
national well-being. 

Acceptance of proposition that in large areas of country the lunacy ratio will 
not vary except within certain narrow limits. 

Explanations of the enormous ratio differences as well as of the growth of 
lunacy are to be found in a consideration of the following five factors in the order 
of their respective importance. 

First and most significant is the economic one suggestive of a widely different 
relative capacity on the part of householders in different counties to maintain the 
insane without the aid of the public purse in whole or in part. 

Scco 7 id . — The migration ajul emigration of the strong from rural and insular 
districts to centres of population results in the feeble products, mental and 
physical, of the birth-rate being left behind in, as a rule, stationary or dwindling 
populations. 

Third . — ^The death-rate under o, nearly three times greater in centres than iii 
rural districts, has the effect of removing hundreds of lunatics who, had they sur- 
vived the neglect, injudicious dieting, exanthematous diseases, kc.j incidental to 
child life in industrial centres, would have augmented the statistics of lunacy in 
such centres {vide shaded map). 

Fourth . — The conditions of modern life, with its unparalleled competition in 
every walk, abuse of alcohol and tea, errors of diet, I'src., setting up a deranged 
metafiolism and disturbing mental equilibrium never stable. 

Fifth . — The views of the medical profession as to w'kat constitutes certifiable 
lunacy suggestive of a widejied and 'widening portal to ollicial registers (senility, 
slight imbecility, eccentricit}’, &c.). 


FRIDA SEPTEMBER EJ. 

^i'lie following Papers were read : — 

1. Shipping Subsidies.’* Ihj Benedict Willia.m Ginsburg, LL . D . 

The importance from a national point of view ^ a manufacturing and foreign- 
food-consuming power like Great Britain of the maintenance of her maritime po'wer 
is self-evident. In that term ‘ maritime po'wer’ must be included the supply of a 
sufficiency of ships to carry on the nation s commerce. In considering the subject it 
is necessary first to consider the adequacy or otherwise of the siqiply of ships whose 
individual characteristics render them useful as auxiliaries to the navy in time of 
war, and secondly to regard the conditions under which exist the great bulk of the 
vessels of the mercantile marine — vessels whose individual characteristics do not 
matter to the nation, but which nevertheless fulfil the important function of sliifting 
the great bulk of its traffic. On the first point, w^hilst Prance, Germany, and Russia 

' The extreme ratios for the counties is represented by .^Vrgyll with 69 per It), 000 
of population, and Dumbarton with 19, the percentage ditference being 210. 

“ The paper is published i/t extenso in the Journal of the Royal Sfafistkal Society , 
September 1901. 
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are largvh* iiicreasinpr thoir supply of oi'oau stoaiiKU’s, this country shows 

little progress in this direction ; whilst the nion* recent vessels built for llritish 
ninil companies are not equal in speed I'ither to those of lit'rinany or even to 
those formerly built for our own lines. On this account it might well be desirable 
for military reasons for our Government to consider the advisability of increasuig 
its indnct'meiits for building bigli-spi*(»d ships. 

Tlie Ih itish shipowner works under eertaiii imtiiral and economic (conditions of 
a favourable nature. Jlut he is plac'i^d under many statutory disabilities. Yet 
some of the restrietions under wliifli lie labmirs are not wholly to his disadvan- 
tage, since liis pen'entage of loss is hiwer than that of unregulated marines, and 
this fact should assist Jiim in placing his insnran(‘cs at a low prcniium. The natural 
tendency of improveuieuts in sliip Imikling and iiiavim* engineering is towards tho 
gradual extiiiciion of the sailing ship. In our (»wii coiiiu ry this natural movement 
goes on. In Italy and lYauce an attempt has been madt* to revive this trade by 
means of construction and navigation bounties. France has achieved some success 
in this direction. Hut it is doubtful how far the shipowner really will benefit 
from the construction bounty, and no one would be likely to suggest its adoption 
here. 

The notable increase in size and cost of modern steamships seems to tend 
towards a large concentration of llu* trade in the hands of big companies and lines. 

Competition between the steamship lines of dillerent countries has of recent 
years developed, whilst the cost of national support to tho competitors has very 
largely inci*easc(l. Some of the results achieved have been, at least as yet, quite 
inadequate to the etJ'orts made, wliilsi; a good deal of foreign money is certainly 
being thrown away in the attempt to fo.ster national trade. Some success is un- 
doubtedly being achieved by the German policy of making the State assist in tliu 
tinremunerativi* work ot' ]nisliiiig trade* in new chunnek. 

This, perhaps, the llriti.di (.lowriiment could not be expected to do. But com- 
bined acti m till a large .scale aiiKaigst Briti.<h .sliipowiiers might enable them to do 
that for themselves which foreign shipowners have done for them by their Govern- 
ments. 


2. Thirl u Wars Ex^forl Trad^^ nrltlsh and Irluh Produce, 1870“‘J9. 

Jiff ]»AI{NAH1> 

Comparist)n.s of one period of our export trade with another, based on sterling 
return.s ot isolated years, are unsatisfactory becau.se the alteration of prices is not 
taken into con^ideratio^, and frequently the years coinjiared are years of dillerent 
degrees of prosperity 

Compjiiis'UH of llie juinual av(‘rng(‘s of decad»*.s hav(* therefore been u-sed in tliis 
paper as being more sali.'raclcn'y tlian .^shorter periods, embracing as they do the 
whole cychj of trade expansion and dejue.'^.Mon. 

Iftli.? altfiation of jmc.e is taken into cousin leration, the coinpari.son is of cour.-o 
more sati.sfactorv ; hut lh«* mf^-# .saii-'^faetory e'>in])arison is on a basis of quantity, 
always making re.S(*rvations for pn.ssible alterations of quality. 

It is obviously impo.s*?ible to satisfactorily compare quantititis of such commodi- 
ties as machinery, chemical products, milliiwry, iK:c. ; ])ut on comparing tlie export 
of eighteen of our chief exported coiniijoditie.s in 1890-90 with 1870 -70 (each of 
which commodities wa.s in .some year of th(i period exported to the value at least 
2,000,000/.) we Hiid the average ol the (fuantity exported annually during the later 
decade was 25 per cent, larger than in the earlier. 

•The' sterling value of the eighteen commodities is about 51 percent, of our total 
trade, and the remaining 10 per cent, (of which compari.sons of ({uantity cannot he 
made^ show an increase of ^}7 p(ir cent, in .sterling valin*. e.xported. 

The average aunual value of our export.s of 1800-00 was 10,000,000f. greater 
than in 1870-79. 

The average annual value exported per head of the population in 1890-99 was 
5-0 j»er cent, leis than in 1870-79; but if it is assumed that the 25 percent, gain in 



TBAXSAnriONS OF SErriON F. 


745 


quantity on the oifyhtoen commoditieg (being Hi per cent, of our total export) 
liolds good for the rest of our export, we have an annual average increase of quan- 
tity exported per head of popiilution of nearly 0 per cent. 

prices of imports having fallen more in the period under review than prices of 
escorts, the comparatively .sraall total increase in value exported is not of substan- 
tial importance* if the increas(* of quantity is satisfactory, as it is this latter factor 
which denotes the ufhount of employm(*nt found for our people by this branch of 

trade. , , . - . 

Another objection to relying on comparisons of value is that the returns under 
this head are probably inexact; to a considerable extf*nt both for imports and 
exports, and although the error may partially correx*t itself over large quantities, 
comparisons of the details of the trade are at all events on this ground unsatis- 


faitory. 

The error both in imports and exports is probably a growing one, owing to 
increasing laxity, and also owing to the growth of the export business now done on 
a C.I h'. basis, which exports would appear to be largely entered for Customs pur- 
pos<*s on a C.I.F. valuation instead of an F.O.B. valuation. 

'.rho probable extemt of the error is a subject which might be investigated by 
the (^hambors of Commerce of this country. 

Tlie error on graded qualities of such imports as wheat and cotton is probably 
small, Customs authorities being able to fairly well control these valuations. 

Of the eighteen commodities solech*d eleven have increased in quantity over 
]S90 99 as compared with 1870 70 : these are woollen and worsted yarns, spirits, 
copper ingots cak<‘.s and bars, cotton goods (bleaclu'd aiid unbleached), cotton goods 
made of dyed yarns, * dyed and printed,^ cotton yarn, and coal. 

Jn one or two cases, however, notably iji yarn, the comparison between 1890-90 
and 1880- 89 is not so satisfactory. 

One commodity, namely, pig and puddled iron, has remained stationary, com- 
paring 1870-79 with 1890-99; and over the same period w'oolleu and worsted 
tissues, rails, bar angle bolt and rod iron, linen yarn, linen piece goods, beer, and 
ale shew decreases in the average annual quantity exported. 


Jl. The Theory of Troyressive Ta;mtion, By 0. Cassel. 

I'lxpenses which are made in the general interest of the State, and which aro 
not to the particular advantage of any special group of citizens, must bo paid for 
by taxes according to the ‘ Principle of Ability,’ of which the income-tax might 
he regarded as the type. But in the parliamentary 8tat(*, where the interested 
classes are voting the taxes themselves, this cnimot be enforced unless the income- 
tax is so constructed as to cause every class of I ax payers an eqintl sacrijice* 

Bqual saenjiee means deduction of such part of the income which is necessary, 
not only for the physical, but also for the economic, the professional existence of 
the taxpayer, deduct inn of the ‘ uecesmrien of ejfficiencif (Marshall), and taxing 

the remainder of the income at a comtnnt rate. 

Every progressive s: ale of taxation can be obtained by the method of granting 
tax-free deductions to the dilfereut income.**, and taxing the remainders at a constant 
rate. Thus there i.s no dilference in principle between a progre.ssive and a ^degres- 
sive’ scale. And we need, in the theory of progns.^ive taxation, not discuss any 
other quei*tion than what diil'erent deductions shall be allowed to the different 
incomes. 

The subject of the discussion thus fixed, wo proceed to apply the Priifciplg of 
Equal Sacrifice, interpreted as above. For everyone who accepts this principle 
the whole problem of progressive taxation reduces itself to the question: What are 
the ' necessaries of efiiciency ’ for each class of the society? But in the liuiita 
thus given to the discussion there is room enough for very divergent views, from 
the conservative one which thinks the real necessities of the labourer to be very 
small, and which leads to a nearly proportional taxation, to the modern democratc 
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view, wlilcli thinks the labourer's necessities of efficiency to be comparatively very 
high, and which leads to a strone progression. 

*\s type for the usual scales of progressive taxation the following scheme may 
serve : — 

Incomes from 0^. till 600.?, pay 0 per cent. * 

„ „ eOO/f. „ 2/iOO.v. „ I „» 

„ „ 2,r,00.s*. 8,500 a?. „ 2 

,, „ 8,500t?. ,, 20,500#. ,, .? „ 

above 20,600#. « 4 „ 

The scale is, from a technical point of view, very crude, involving discon- 
tinuities in taxation at every rung of the ladder. We can avoid these if we state 
that — 


The 


500 ilr-st #. of every income pay 0 per cent. 
2.000 next #. .. „ I „ 


„ 0.000 „ 

„ 12.000 „ 

All following .s*. 


2 

4 


But this scale can just as well be obtained by the method of deductions ; we 
have only to state that — 

The first 500 a . shall have the right to deduce 100 per cent. 

„ next 2,000.'?. 

,, „ O.OOO,'?. 

„ 12 , 000 .'?. 

All following 8 . 




4 0 

50 

2.5 

0 


and that of the remainders a constant rate of 4 per cent, shall be paid. Generally, 
if in the different groups the tax is to be i)aid at a rate of />,, p.j, P:i » • ,p„ 
per cent., the same result can be obtained by levying the tax at a constant rate i*, 
not less than any of the j), but granting deductions within the different groups of 

l(X) (P-p.) per cent., 1.90 per cent., and so on, . 

However, even this method is primitive, and involves too much arbitrariness 
in fixing the deductions for the different incomes. It is better to let the deduction 
y increa.se with the income .r as a function of the form 


aJi* + 
yd' + d 


Thi.s contains three independent elements, to which comes the constant tax- 
percentage P, so that the arbitrariness of the progressive scale now is reduced to the 
choice of four elements. AVe demote by e the tax-free ininimum of mhsistmee^ by 
em the upper limit of the deductions, 2 .#., of the necessaries of efficiency, and call 
it the maximum of mbsistence the arithmetical medium between these two is the 

‘medium of subsistence,’ and is ec^ual to Wo denote . further by w and 

2 


V the income and the deduction counted in e as a unity, so that x=*eu and y^ei\ 
We can then put 


V = 771- (771 - 1 ) 


w — 1 
M + w— 2 


9 


where n signifies that value of the income u, for which the deduction is equal to 
the medium of subsistence. Thus we have arrived at a set of formulas where 
each of the four constants m, e, and P has a clear and definite sense. 

We can reduce the arbitrariness involved in the construction of a pro^eesive 
scale still more if we decide once for gll that ra ^ th + 1, t'.e., that the meuum of 
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^ subsistence shall be deduced from an income twice as large» 
following formulas to calculate the tax s : 




m — 
ft + - I * 


We have then He 


.r ~ eti, y-ov\ 


The complete Gxation of u progressive scale of taxation involves, then, only the 
choice of three elements, viz. — 

The minimum of subsistence e ; 
the maximum of subsistence em \ and 
the constant tax- percentage P. 

The first and third of these elements must always be decided upon by any 
income-tax ; thus the progressive scale increases the number of arbitrary elements 
only by one, and this one has a quite definite sense, viz., the upper limit of the 
necessaries of efficiency of any group of society. In spite of this extreme reduction 
of the arbitrariness, there remains still room enough for every sensible view of 
progressive taxation. 


4. British Agricnliitre. By Professor Robert Wallace. 

The nineteenth century may be divided into six very distinct periods, in which 
prosperity and adversity to agriculture succeeded each other alternately. 

(1) During the first fourteen years great agricultural activity prevailed, owing 
to the abnormally high prices of corn. All classes associated with land benefited, 
but the landlords most, 

(2) The next twenty years was a time of agricultural depression, although the 
price of wheat — 66.y. '2d, per quarter — in 1830 was more than double — lid, — 
the price in 1900. Hones roughly broken were first used as manuVe. 

(3) The abolition o£ tjie Corn Laws in 1840, during the succeeding period of 
twelve years of prosperity, did not ruin agriculture, as was expected. Peruvian 
guano, dissolved bones, and dissolved mineral phosphates were firat employed as 
manure, and in 1843 Rothamsted, the greatest experimental station in the world, 
was opened, to be ultimately endowed by Sir John Lawes. 

(4) The fourth short period of temporary but severe depression — 1849 to 1852 
— opened with a sudden drop in the price of wheat. Sir James Caird advocated 
high farming, which was applauded as usual by people generally, but not 
followed by the tenants. 

(6) Twenty-two years — 1853 to 1874 — of great agricultural prosperity 
followed, but economy was not sufiiciently studied h\" either tenants or proprietors. 
Reliable agricultural returns, dating from 1870, when compared with the corre- 
sponding figures of 1900, sliow a decrease of arable land in the United Kingdom 
of 2,600,000 acres, but a concurrent increase of 4,600,000 acres of permanent 
pasture. The rage for steam ploughing and steam digging began, hut not till 
1898, when Darby introduced a steam digger having a horizontal rotary motion in 
its digging parts, could mechanical motive-power field cultivation be pronoiin<^d 
financially successful. The success of the string-binding reaper dates from 1870. 
But it was 1000 before the McCormic (Company produced at the Paris Exhibition tlio 
Auto-Mower. By the end of the century the oil engine had become thp cheapen 
stationary source of power on the farm. A cycle of good seasons greatly dbntri- 
buted to the measure of prosperity during this period. The average yield of 
wheat in Britain during the sixties was thirty bushels per acre, and tho record 
yield of 1863 was thirty-nine bushels. 

. (6) The last long depression which closed the century began about 1875, and, 

in ppmmoR with the disloc{ition of the general trade of the country, was largely 
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diit' tr. riirrenry iiifliiencp?, bur aI=o to bad spa.soufl and to foreign competitio^i. 
AltlioiigJi tlie active cuiTcncy iniiiionce has passed, by it agriculture has been left 
in an inferior position as compared with other industries, Tvliicb were more readily 
able to adjust themselves to altered currency conditions. Agricultural capital 
was immensely reduced during tbo period; but along with the material slirinkag* 
there were many important di^velopments made. Miss Ormerod, between 18n 
and IDOl, laid the loinidation of the subject of economic agriAdtiiral entomology, 
.lohn Garton, of Xewton-le-\Villows, began in 1880 the system of njultiplo cross- 
breeding of plants which has resulted in the production of an infinite number of 
improved breeds of crop plants ; agricultural shows have become more numerous 
and successful ; the cream separator (the Alfa Laval, iS:c.) has revolutionised the 
butter trade ; the advantages of the system of ensilage have been demonstrated ; 
Thomas’s phosphate powder has heen employed to encourage clover and improve 
permanent pastures ; the spraj'ing of potatoes with Ikwdeaux mixture to present 
disease, and of grain crops with 8 per cent, solutions of sulphate of copper to 
destroy charlock, have both been successful; Ilellriegel and Wilforth demonstrated 
the power of leguminous crops, acting in symbiotic relations with minute organisms 
living in the wart-like processes of their roots, to fix the free nitrogen of the air ; 
the systems of rotation of crop.s have also been revolutionised. 

Some of the diflicnlties with which farmers have to contend are the increase of 
‘anbury ’ in turnips, the development of a bactt^rial disease on the swede crop, and 
the ever-increasing dilHciilty of the rural exodus, and the scarcity, inefliciency, and 
dearness of labour, aggravated by an imperfect system of education for children 
in rural districts. 


5. Food and Land Tenure, Ly E. Atkinson. 


SATURDAY, SFPTEMBFR U. 
The Section did not meet. . • 


MONDAY, SEPTEMBER XC. 

The following Papers "were read : — 

1 . A Business Man on Supply and Detnand, By T, S. Crke. 

Mr. Goschen, some time ago, expressed regret that there was so little sympathy 
between business men and economists. This want of sympathy is traceable to a 
departure by some of our economi.sts from certain views I'ormerly held both by 
economists and business men, and still generally held by tbo latter. 

A chief principle of all sound economics is the law of supply and demand ; the 
law that supply and demand are always tending to an equality at a certain exact 
point in price. That law has come to he questioned : John Stuart Mill accepted 
a correction of it, namely, that the equality was established, not at an exact point 
in price, but that several diflerent prices might satisfy the law, which, indeed, only 
Ibrou^lit the price to a kind of tableland where it ceased to be operative, leaving a 
considerable range of price to be determined by other forces than the operation of 
the law of supply and demand. Mill held with Thornton that in the labour 
markef, in fighting for a share of that indetermined range of price, the employers 
possessed so great an advantage by having the initiative in naming the price that 
nothing hut a strong combination of workmen could give the workers even a chance 
of successfully holdiug their own against the employers. 
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Ti in in thk pnpf'V tliat tliMv i?; not an inrh of yroiinrl whriN- tlio of 
supply dLUiaml c».*ase.^ oporatf : il a. Jaw of tendonry only, bot alwajvT to 
an exact not to a piano of prices. Alill’s correction is not only unnecessary 

but untrue in fact. The initialire is not an advantajifo, but a disadvantage in 
bargaining. Though the law of supply and d(‘maiKl docs not fix the terms of 
ev*ery individual bargain exactly, IMr. AUlls remedy, comhi nation^ greatly increaf^es 
tlie area of indeternilnatoness. 

,Mr. AlfretJ Marshall in his ' liconoini(*s of Industry’ says that an employer is a 
much larger unit than his men individually ; that tlui workmen are poor and known 
to have no reserve price ; and diat therefore union among the men is necessary. 
These propositions cannot be accepted. Wages are not low because workers are 
poor and uncombiiied, but because there are many competing for tl\e job. 

Mill and Marshall are wrong in approving of trades unions, and, as Mill luits 
no limits to the area in which he holds the law to be inoperative, we might suppose 
that area to be iiidelinilely large ; it might indeed cover almost the whole field, 
and the law of supply and demand be banished from all discussion of labour 

questions. 

And it is the case that in the economic journals, in the wi'itings of the 
younger economists and in the constitutions of societicfs tf) help the working 
classes, the idea of there heiug a law working automatically to a just and salis- 
I'nclory division is almost, if not (^uite, absent, ^satisfactory division is to ho 
secured througli investigations into tacts and statistics, and a Goviu’iiment depart- 
iiu'ut is suggested to collect tlu'se, which one economist sp(‘aks of as ‘ a necessary 
])roliminary to all social progress.’ 

This view is held to he tUToneous. Investigations are not required to give us 
the proper price of iron or cotton, and there is no good reason why they should he 
necessary in regard to the wages of labour. Adam Smith had hardly any ligures 
and no facta hut such as were patent to everybody. 

The want of befud* in this eqmdising law of supply and demand is shown in the 
ready acceptance of complaints of grievances in particular trades. It is forgotten 
that all trades have peculiar conditions, but that all tend to an equality of advan- 
tage ; that the so-called grievance is certainly counterbalanced by some advantage. 

No human power could make such investigations as would enable it to make 
a just distribution of th« products of industry. Omniscience and omnipotence 
would he needed for the task, and the law of supply and demand alone has these 
qualities. A belief in the boueticent and effective operation iff that law in the 
labour market and the practical repudiation of it by economists and pliilantliro- 
pists is the chief difference between these classes of which Mr. Gosclien spoke. 


2 . The DecUve of Katalitjf in Great Britain, 

Bu Edwin Gannan, M,A,, LL,D, 

Between 1876 and 1900 the birth-rate of England and Wales fell from 36 to 
2n‘3 per thousand, hut as tJiis rate is calculated on the whole population, it cannot 
1)(! trusted to show changes in natality. These may bo measured roughly by 
comparing tlie births of each yi'ar witli th(3 number of persons born, say, twenty-six 
years before, 'riio ratio of tlie births of 1877 to those of iSol ^vas 144 to 100 . 
Since then the ratio has fallen steadily, till that; of 1000 to li'^74 was only 108*3 
to 100 . The ratio between the birfclis and the survivors of the persons horn 
twenty-si.x years heforti and still remaining in this country probably fell still 
more. 

The decline of natality does not seem to have been due to a decline of nuJJtialiJiy, 
hut to the fact that the average number of children resulting from each marriage 
has diminished. To compare the marriages of each year wdth the births in^that 
year is misleading, but it is possible to get a useful result by substituting for the 
marriages of eacli year a figure in which due weight is given to the marriages of 
previous years. The following table gives the ratio between the legitimate births 
ot each year and a weighted marriage figure equal to the sum of 2*6 per cent, of 
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the raavriagfes of tliat year, 20 per cent, of those of the previous year, 17*5 per c^^t. 
of those of the year before that, and so on, with percentages of 15, 12*6, 10, 7*6, 
5, 3*75, 2*6, 1*75, 1’26, and 0*75. It will be seen that the ratio or number of 
children per marriage has fallen from 4*3G in 1881-1884 to 3*74 in 1899, and 
about 3*63 in 1900 : — 


Year 

Ratio 

|| Year 

Ratio 

i| 

Year 

Ratio *' 

i Year 

j„ - 

Ratio 

1851 

3-92 

: 1861 

4*17 

~*T 

1877 

4-.30 

i 1890 

4-08 

1862 

401 

1865 

4*14 


1878’ 

4-30 

1891 

4-21 

1858 

3-87 

1866 

4*09 


1879 

4-28 

; 1892 

406 

1854 

3-90 

1867 

410 

i 

1880 

4-34 

1893 

406 

1855 

3*85 

j 1868 

416 

j: 

1881 

4*36 

1 1894 

3-90 

1856 

3*97 

1869 

409 

1882 

4-36 

; 1895 

4-01 

1857 

! 3-97 

i 1870 1 

! 419 


1883 

4-35 

1896 

3-94 

1858 

! 3-90 

i, 1871 i 

1 419 

il 

1884 

4-36 

! 1897 

3-88 

1859 

410 

i; 1872 1 

4*29 


1885 

4*27 

! 1898 

3-80 

18G0 

401 

ii 1873 j 

4*22 

i! 

1886 

4-32 

! 1899 

3-74 

1861 

4-03 

I 1874 j 

4*26 

1887 

4*24 

1 1900 

3-G3 

1862 ; 

415 

i 1875 1 

4-18 

'! 

1888 

4*20 



1863 ! 

4-16 

1 1876 j 

4-31 

li 

1889 

4-21 

i 



The natality of Scotland fell in the same period from the same cause, though 
the fall was not quite so great. 

There is no reason to regret the approach of a time when the population of 
rJreat Britain will become stationary, but the cessation of the overflow of 
population from Clreat Britain is a serious matter for the British empire, as the 
natality of the British colonial population is low and diminishing. 


3. Thn Sif/nificance of the Decline in the English Birth-rate^ 

By Charles S. Devas, 

Great mcrease of population in England shown by the recent census — Character 
of increase requires examination — Decline of the •natural rate of increase a result 
of tlie decline of tlie birth-rate — ^This decline persistent in spite of a higher 
marriage rate — Likeness to the decline of the birth-rate in France, in North 
America, and in Australasia — Analogous decline among the Greeks of the second 
century b.c. described by Polybius — Ilow he accounts for it — Similar decline 
among the Romans of tin? classical period — In the six cases of Greece, Rome, 
France, America, England, and Australasia one common antecedent to the decline 
of the birth-rate is observable, namely, decay of religious beliefs — Deductive 
reasoning supports the inductive conclusion of a connection between the two 
phenomena — Ilow far John Stuart Mill’s anticipations on population have been 
realised in England — Grounds alleged for the slow increase of the French popula- 
tion — Possible special causes of low birth-rates — Striking diiTerenco of opinion on 
whether a low birth-rate is desirable or not — Problems before us, . 


4. Correlation of the Marriage-rate and Traded By R. H. Hooker, MM 

The application of the theory of correlation to economic phenomena frequently 
presents many difliculties, and most fallacious deductions may easily bo drawn 
from its careless use, notably with regard to such phenomena as involve the 
element of time. The usual formula Copied for testing the correspondence oi 

two series of variables is . jn ’^hich are the deviations of 

WO-jCTa 

corresponding observations from the averages of the series, and o-j, o-.^ are th< 


* Published in extenso in the Journal of the l^al Statistical Society^ Sept, 1901, 
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sinndard deviations. But this correlation will clearly only give an indication of 
the correspondence of the general movements of two curves ; whereas the minor 
movements may be intimately connected, altliough the general movements may be 
quite different. It appears possible to slightly modify the usual method of correla- 
tion so as to eliminate the general movement in the special case — of very frequent 
occurrence — ^wher^ the phenomena exhibit a regular periodic fluctuation, and to 
correlate the oscillations. All that is necessary for this purpose is to replace the 
deviations fr^m the average of the whole series in the above formula by tne devia- 
tions from the trendy or curve of instantaneous averages. To determine this trendy 
note the number of observations (p) in a complete phase ; the instantaneous 
average at any particular point is represented by the average of the p observations 
of wliich that point is the middle one. 

As an illustration the method may he used to determine which of the sets of 
figures, quoted by the Registrar -General in his annual reports for comparison with 
the movements of the marriage-rate, is most intimately connected with it, viz., 
imports, exports, total trade, wheat prices, or amount cleared at the Bankers' 
(clearing Mouse. The marriage-rate is now lower than formerly, whereas the 
trade per head has increased : there is thus no correspondence between the general 
movements, and correlation by the usual method about the average merely confirms 
this. But the marriage-rate (and four of the other phenomena to be examined) 
shows fairly regular oscillations with a period of about nine years. Replacing the 
average of the whole period in these various series by the trend, the * average ' for 
any one year being the average of the nine years of which it is the middle, we can 
thus ascertain what correspondence there is between the oscillations of these 
curves. By correlating the marriage-rate with the trade, &c., of the previous and 
following years, of half a year earlier, &c., other correlation coefficients are 
obtained : if these are plotted on a diagram it will easily be seen that there is a 
point of maximum correlation. This gives a measure of the lag of the marriage- 
rate behind the trade-curve, tho point of maximum correlation indicating the 
period with which the marriage-rate is most closely connected. 

It is thus found that the total trade per head and the amount of clearing are 
most intimately connected with the marriage-rate, the exports per head is 
almost as closely, and the imports per head less so, although the correspondence 
with all four is very clofe.* There is on the other hand no connection between the 
price of wheat and marriage-rate nowadays. As regards lag, the marriage-rate 
is now just half a year behind the total trade, three quarters of a year behind the 
exports, and about one and a quarter year behind the clearing. 

It is noticeable that in 1801-75 the marriage-rate was only a quarter of a year 
behind the total trade and export curves, indicating that it now responds a little 
more slowly to the general prosperity. It is intiTestiug to observe that this defer- 
ment of a quarter of a year (as compared with- total trade) corresponds very fairly 
with the deferment indicated in the marriages by a consideration of the ages at 
marriage. 


5. Jot 7 i( Discussion tcith Section L on Economics and Commercial 
Educatiooi^ oppAxed by L. L. Price, 

In the middle of the nineteenth ceutury the economist exerted a dominant 
influence over British public opinion, but by the close of the century that influence 
had become less considerable. The stir now arising on commercial education 
offers a fresh opportunity for asserting the claim of Economics to a distinct place 
ni the education of the citizen ; and two circumstances favour the advance of the* 
claim. On the one hand, the inner history of econtimic study affords reason for 
believing that the old controversies, which created such noise, are dying or dead ; 
that the criticism, which has been busy, has been accompanied by a considerable 
amount of constructive work ; and that the popular antithesis between tho * old ’ 
and the * new ' schools has lost its meaning, if it is supposed to represent irrecon- 
cilable feuds. On the other hand, economic guidance is more urgently required in 
practical affairs ; for many questions coming to tho front of popular discussion are 
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fvonomic ill ('barflct.»r. 'flip pressure of rommerHal rivalry, for example, is 
to re-awaken tlit> ronfrover^y between free traders and protectioniata ; ana Economics 
lias aomotlunjT of importance to say on this question. The superficial appearanco 
of tilings nia}’ easily mislead, and eronomista can render unique aasiatance in 
disclosing the ‘unseen* below the ^seeii.’ »Siruilnrly, with regard to queslious 
classc'd ns ‘socialistic/ which are attracting incmising notice, although Economics 
is not entirely individualistic, ami its conclusions may be modified by political 
considerations, its aid is nevertheless important. Floth classes of questions are of 
special interest for the merchant and the inaniifactnrcr. 7 he individualistic 
spirit prevalent among Americans, who prt'iiiise to bo the most formidable of our 
commercial competitors, lends emphasis to tlio danger attaching to a trade union 
policy which, of iincon.^cious or ilelihcralc intent, may jiossihly oiler real hindrarici* 
to the rapid ii.se of new machinery or ihc speedy introduction of novel business 
methods. Restrictive ]i‘gislatioii. for the sam<* renson, must be HCrnliriisfdj 
although in the early days of the factory system economists erred from shortiie.ss 
of sight, and ‘ factory reformers’ displayed more regard for the permanent wtdfare 
of the nation. Economic study is specially calculated to induce tlie habit of mind 
needed to discover and expose lurking fallacy. 

On this ground a place may he claimed for the abstract reasoning of the text- 
books in commercial education. Bu.'«inos.s men deal with tho concrete in their 
ordinary lives, and without some preliminary mental discipline they may fall ii 
prey to unsuspected fallacy. Some training in logic is held by most men to be 
beneficial, and an acquaintance with economic argument, as expounded in the 
theoretical reasoningsof tlie text-books, may impart tliis thiiningin close connection 
with the phenomena of bu.^iness-life. Although the business man may act by 
instinct rather than rea.«on, instinct is often the slow product of largo experience*: 
and an ability to see and trace tho connection htdwemi cause and eflecrt cannot fail 
to he useful. Without soiuf' such mental training the. possibility of a ‘ plurality of 
causes ’ and an ‘intermixture of effects’ may escape rin’ognition ; and, ns an 
intellectual di.sci])line. tlie abstract reasoning of the. economists affords a more 
rigorous and bracing exerci.«e than (»conoinic history, liegarded from this gtaiid- 
point even ‘ mathematical methods ^ of study, which induce jirecision, may find a 
place in commercial education ; but the place cannot be large, as they foster tht* 
harmful idea that economic reasoning i.s too hard for* average men. The use of 
theory as a mental training might he illustrated by many examples ; but the 
theory of money and of banking, which has undergone less change than other 
theories, and is closely related to the daily life of bankers and financiers, may be 
taken as a typical instance. 

Economic history must fill a very largi? place in commercial education. It has 
recently made marked progress. I^scaping from arid controversies about method, 
althougli the conclusions of one hi.storian may be questioned or rejected by his 
successors, and much may remain unexplored or uncertain, it is now able to present 
the broad characteristics and lending events of English commercial and industrial 
history in orderly sequence for the instruction of the citizen. From the point of 
view of commercial education too much time may hitherto have been spent on 
questions of origin — such as tho manor -wliicli attract by the opportunity they offer 
for ingenious by pot In '.si.®, but aro from tlieir nature difficult to solve, and, by 
comparison, too little attention may have hef»n bestowed on later but less misty 
periods. But it i.s impossible to gain a real knowledge of tho causes and conditions 
of the commercial and indu-trial success of England without a special study of 
economic history, ns general histories have dealt but scantily with economic 
. matters. The maintenance of that succc'ss is, to some extent, dependent on the 
knowledlge and on the investigation of tho rise and fall of other nations which have 
been con.spicuous in trade. 

Lqstly, Statistics, which has also progressed of late, supplies Economics with 
the means of systematic observation, in default of tho more effective mode of 
experiment open to a physical science like Chemistry. An elementary knowledge 
of statistical technique and methods is a requirement of tho times and a special 
m^ed of commercial education. 
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TUESbAY, SEPTEMBER 17, 

The following Papers were read : — 

1, A Discuaswn on Housing was opened by Professor W. Smart. 


2. The Econormc Effect of th^i Tramways Act, 1870. 

JJy E. R Vesey Knox, M.A. 

The Act has now been thirty-one years in operation, and has never been 
amended. It h;is been a disastrous legislative experiment. This view is not the 
result of opposition to municipal trading, nor based on any idea that municipal 
ownershi]) of tramways is an economic mistake. 

I. History and Ejfeet of the Act. 

Tlie decision in Tley. v. Train (1862) rendered it necessary to obtain Parliamen- 
tary authority to lay down a tramway. The object of the Act was to facilitate 
tramways by substituting Provisional Order for Bill. It was, however, hedged 
round with restrictions. 

II. The Vice, of the Departmintal Method (f Legislation* 

The essence of the departmental method is that the inspector who holds the 
local inquiry (if any) Ins no authority to decide. The Board of Trade have failed 
to obtain any rosja'ct for decisions in really contested cases. In such cases the 
practice of promoters is now to go to I’arliameiit direct, 

III. The JVant of Cumpalsory roirers for the Taking of Land. 

Ihiglisli roads are seldom suited for tramways without alteration, yet the 
Tramway Order may not* authorise the taking of land for road widening. 

IV. The Frontagers Veto, 

hVontagers in narrow places can prevent tramAvays by a mere mechanical veto. 
This has lei to single lines and other bad tramways, 

V, The Veto of the Local Authorities. 

This veto has sometimes been abused, and has t'-nded to discourage the best 
schemes and the soundest promoters. It is not, liowevtu*, likely that an objection 
hy a local authority based on reasonable grounds Avould ever be overruled. 

VI. The Purchase Clause. 

There were some good reasons for inserting a purchase clause, lliough nothing 
of the sort had been applied to railways, and gas and water undertakings have only 
been purchased undtu* special -Vets at a very full price. It is now hopeless to con- 
tend that there should bo no power of purchase ; the really debatable matters arti * 
the period and the method of valuation. Mr. Shaw Lefevre anticipated that pro- 
moters would not mind the purchase clause bucaiiso tliere was no limitation of 
profits. AVhat they did was to try to take their profit through inflating the 
capital, and clear out. Henct^ abortive schemes and disappointed investors. The 
comparison between the price at which railwoiy and tramAvay capital can be raised 
m not less instructive than that between private and municipal credit'for tramway 
purposes. The best class of investors have been discouraged by the Tramways 
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Act, and the cos<t of capital for tramway euterpriso has consequently bc^ 
increased. • 

The great discovery of the application of electricity to tramways came just 
when the purchase periods in England were running out. There was consequently 
a long delay in adopting the new invent ion, and though England ought, but fqV 
Parliament, to have led the world, as it did in railway construction, it has been 
kept behind other countries, and has sullered social, economic, •and industrial loss. 
Tliere is no other country which had so great a need for electric rtramways as 
England. 

The corporations have been slow to try experiments owing to their careful 
trusteeship of the ratepayers’ money. 

The method of valuation is more important than the period of purchase. If 
goodwill is not to be paid ftu* there is no adequate motive for developing a busi- 
ness, The corporations have actually lost on balance, for while Tramway Act 
price is less than enough for a good tramway it is too much for a bad tramwa)^. It 
pays the company better, when the purchase period is approaching, to retain an 
obsolete equipment, which ought to bo scrapped, so as to make the corporation 
buy it. 

Practically no tramways arc now made by companies on Tramways Act terms 
without modification ; but the retention of the Act on the statute book still does 
a great deal of injury to tramway enterprise. 


3. Notes on Glasgow Wages in the Nineteenth Century, 

By A. L. Bowley, 2LA, 

The statistics available for an estimate of the changes in the rates of averagr? 
wages are vi^rv numerous, but it is only in a few eases that a reliable calculation 
extending over half a ceiitiirv can be made. 

The following labb^ shows in rougli form average money wages (assuming no 
change in regularity of employincut and averaging over ten or twenty years) in 
various industries, expressed in each case as percentages of their level in the 
decade 1«J)0-1900:— 
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The general average would probably be ailected if allowance were made for 
such cnanges in the construction of the working-class population as the growth of 
the class of partially skilled workers. 

No attempt has been made to include any estimate for the changes in the 
purebasing power of money. 
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4. The Poor Law at\d the Economic Order, By T. Mack ay. 

Early legislation concerning the poor was for their regulation, not for their 
relief* It was based on an assumed adscription of the population to the soil. The 
obligation of the community to relieve was of later origin. On this territorial 
baSis was founded our system of poor relief as established by Elizabeth. 

The legislature rogarded the population as stationary, but it was not till some 
iifty years afterwards that the mooility characteristic of an industrial population 
cume into conflict with this assumption. 

For remedy the 14 Charles II., c. 12 (1062), attempted to define settlement 
and facilitated the forcible removal of migrant labourers to their place of settle- 
ment. The tyranny of this has often been condemned, and from the first many 
methods of evasion were adopted. The complete immobility of the population, 
however, was due, not to this enactment, but to the guarantee of maintenance held 
out to everyone who clung resolutely to his parish and to his decaying industry. 
It was this system of imprisonment in some 15,000 parishes that gave rise to the 
appearance of over-population. Labour was rendered immobile, not only in place, 
but in character and habit. 

The business of the new poor law in 1834 was to relax these bonds and allow 
the absorption of the population into the economic order. It was in large 
measure successful, and subsequent experiments in the way of restriction have 
sought to carry the reform further. The justification of a restrictive policy is 
that pauperism is a retention of a part of our population in a condition of primitive 
poverty much longer than the economic necessity of the situation warrants. 
This archaic survival is to be contrasted with the economic order, which offers the 
true policy of emancipation. 

The hand-to-mouth life is now more amply endowed than it has ever been ; a 
consideration which answers the argument that, in view of the improved 
conditions of working-class lif(‘, a relaxation of poor-law tests is desirable. 
Improved opportunities for nidependence too often merely go to make the pro- 
letariate life, for the time being, more profuse ami irresponsible. The difficulty is 
to induce a certain type to submit, in even the slightest degree, to the discipline of 
the economic order and to renounce its much more natural, primitive, hand-to- 
mouth instincts. , 

Maine’s generalisjition tuat progress is from status to contract is based on 
hi«^torical fact ; but as regards the future it may not be the last word. It is sub- 
mitted, however, that, even if we welcome a tendency to revert in certain directions 
to civic and municipal status, the status of parochial pauperism is a condition from 
which we should endeavour to emancipate our poorer population. 

5. British Colonial Policy in its Economic Aspect, 

By Archibald' B. Clark, M,A, 

The timely and substantial assistance rendered to Great Britain by the 
Colonies in the South African War has awakened a fresh interest in the question 
whether a more formal recognition and exact definition should not be given to 
the rights and responsibilities of tlie Colonies in connection with the government 
and defence of the Empire. The problem, like nearly every practical problem, is 
. not exhausted by consideration of its purely economic aspects. But the policy of 
J tightening the ties ’ is, at present, advocated mainly on economic grounds ; and it 
IS sought to attain the end in view by the manipulation of economic factors. 

As regards defence, under modern conditions a huge and growing expenditure 
on the Army and Navy is inevitable ; and it is argued that the Colonies, who 
equally with Great Britain gain from the resulting security, may fairly be asked 
to contribute towards the expense. But (a) by way of compensation our wpight 
m the councils of the nations" is vastly greater by reason of the possession of our 
Colonial Empire. (5) Recent experience suggests that the interests of Imperial 
Befence may be better served by the spontaneous action of the Colonies than by a 
formal and binding contract* 



750 REPOKT-" 1901. 

It is that wt‘ lui^ht iiiui iiiatBriul romptMisution, and at the same tiihe 

nu‘ft the Iiostih* tarilVs ol* thiviu'n i‘«»uiitrie.s and ineroaso tlio streng-th of the 
Empire, by enterinir into a Oustoins rnii>n witli oiir Colonies on the basis of free 
trade within the Cnicni and protection against the foreigner. Or, failing that, wo 
might adopt a system of bounties on trade with the Colonies. Hut («) we vely.oii 
the fi>ri*igiier for huxl and raw material.^: ami of the total e.xternnl trade (import 
and export t of the I'uittd Kingdom, rongldy 7“> pt*r cent. Is, and has been for 
half-a-eenturv. a trade with foreign eountrit‘S. {/>) The diversity oJjlinterKsts, too, 
among the ^/olonies themselves render.*^ it h«»peless to expect that any scheme 
coul\l lu* formulated which would tail to create dJhcord. (r) Any such sciieine — 
wiietht-r of <litIiMeiiiiaI duties or bounties would involve a serious departure from 
oar fr v-'r.uie p.>licv the great virtue of whieh i.s its practical siinpli.dty. 

Like tliat free-trade pnliiy. tin- existing conimction between lW»‘at Hritain atid 
licr Colonies maybe imperfeei in theory, but, like it, it has proved workable in 
practice. UikUt the one we haveenjoy*^ lialf-a-cenlnry of unrivalled prosperity ; 
and, a.s the outcome of the working of the other for a similar period, we have 
amongst the Colonies ;i sense of unity and an intensity of loyalty to tlm mother 
country unparalleled in history. This, too, has been mo.st urujualilied where tluj 
hand of* Downing Streer * has bteri least conspicuous. The policy of * tightening 
the ties ' is really retrograde and unhistorical. It represents the. extreme of 
reaction from the view whii-h prevailed generally from about 1810 to 1S8() — that 
the independence of the Colonies would be the natural outcome of the concession 
of s dl-governmenT. It involves a return h) that system of monopoly ai\d inter- 
ference by the ceiitiMl guVfrmnent which in the »‘ighteenth century lost us the 
Amevic.'in Coloni* lu *>\n- colonial policy the most pressing need at present is 
ooucviuraiion and economy, based on n.'ognition of tlie truth that trade follows 
the Hag in no other .sense than that it foll»)W.s the establishment of peace, .security, 
and good government. 

• 

C. 77ic Pr(>iinl Potiidoti of Wottina a Worker. Jhj Miss jM. 1L Ikwix. 

(.)uing TO the r.ipidly in<-o number nf women who are year by year 

cute-ring b<uh ihe pr<de.->i<»nal and the industri.al labour market, the nature nud 
n- uf woiiienV employntt nl form a .■subject* of iir.st importance to the 
• coiiomie .-tiideiit, not <^>iily in rehuiori to the women themselves, but also in 
n.-'pocl to thtdr nn ri f-dlow-workiu-s, and tin- gt iicml d*‘.vclopim-nt of oiir nnlionul 
industri* -. Mmi;, indii.-trial »*o!njdi(!atioii- lia\ i* uri.-en, ami threaten .-itill to ari.-'C, 
from the jip-'Tt-ncc and tin- » xfomli'd application of women’s labour. 

Tlicn- is a want of adi-quatc ami authoritative information regarding woinon’.s 
work. Tljf Ini'* >ul!’er* d in the jm.<t from lj+*ing regarded as a matter for 

philanthropic .vontiiiu-nt nitiiertlian economic researcJi. A change of attitude i.s 
being brought about through ^a^iolI.«> ean.^»‘s, 

I’he need for .sv-tt-matic. iinpiirv a?id exact knowli'dgo h.s providing a basis for 
both pbilanthro]>ic ell'ort and lf*gisl;iti\e reb)rin. I^egislutive action is specially 
de-irabie for tlie regulaliou of tie* (-ondiliot)'-* of wonieiiV work, owing to the 
diiiicnlty of fr)nning any organisation among’ tlie.ni .sunicicntly .strong t<» protect 
tljein from po>sible evils in tin; way of exce.ssive hours and fdher nnhealth}' 
cuiiditions of work. 

Kesults of investigations undertaken by tlic Scottish (>)uncil for Women’s 
Trade.-* and other bodie.- into various employments followed by women in which 
there was either no legi«lfitivi' n-.-tricfif»n>., or th<'se wen? dr?fective. Laundries, 
shop.-*.^ I nvestigation.s into borne work, 'flic economic results of hoine work. 
The. sanitary side of the question. Proposed regulations. The dressmaking trade. 
The* tailoring trade. A complex and highly graded iiidii.« 5 tiy of special value as ii 
subjiict for economic inve.stigation>. 

Among the suggestive points offered for study by the tailoring trade are tho 
competition between the men and women workers. The results of the introduction 
of the (;hcai> unprotected labour of women, systems of wage.^ rating, displftce- 
rri'.-nt ol the skilled hand labour of men by the machine-tended and comparatj^vely 
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ims^illed labour of womon. The rise of the clotliiii^ factory and sproad of the 
division of l^ibour synteiu, the opi^ration of factory h*^i«lation, and the Public 
Health Acta. The differenee Ix^twet^ii the rales paul to the two 8(?xes for work 
of the same naturt* and eiricumcy. 'fhe absence of a standard and uniform rate for 
wiyneii V work. 

Ouusee which mav account for the lower w'af^es-rates of women. Attitude of 
the men's Union towards the women workers, 'fhe nature and significance of 
women's competition. Tlie extension of mtschaiiicul aids favouring tlie increased 
application of women’s labour. The typographical trade. The new printing 
niacbincs and the scarcity Af Ifov labour furl hering the employment of women. 
The textile trades of Scrotland. 'I'hese have la*eome pruct'cully womens industries 
since the introduction of the power-hw>m. Hookbiiiding. The non-employment 
of women in maAy departments of this trade is due to artificial restrictions, such 
as custom, and the lines of d(>marcation laid down by the men’s Union. far 
as an investigation into the printing, bookbinding and kindred trades which ia 
now in progress has gone, it would appear that while machinery has displaced 
hand labour in certain departments, owing to tin? largely iiicreasi^d output, then^ 
has laH*n an increas** in the total number of workers employed all over the factorie.s 
coming under observation. 

In view of possible future industrial changes, in wliicli womens labour is 
likely to be a vary important factor, then* is urgent need for systematic investigations 
of tKe nature and conditions of women's luliour. 


n'/s7K\7:sjJA is. 

llie following Papers and lle[»ort were read : — 

1. T/ie Rml Incidence of Local Rateft, ////Cameron Corbett, M,P, 

The incidence of local rates is fitndamentally iniliienced by the question as to 
whether the area atfectcd by them is fully built up or i.s affected by a practical 
chance of additional acccom modal ion being provided w'ithin it. If it be fully built 
up, then the rate falls on the owner except in so far as the cause of the rates is cal- 
culated to aOect the rents beneficially ; that is to say, the burden of wasteful 
administitition would fall upon him. In the cnsc.s where a higher rate affects an 
area where building can be influenced by it, the burden falls on the tenant in the 
same way os the burden falls on the consumer of a manufactured article, production 
being checked thereby. 

The proposal, after taxing building and land together, to put a special second 
}urden on land values would raise the price of houses to buyers, and consequently 
he rent to tenants. The reduction of four years* purchase in the selling price of 
proundT rents which has taken place during recent years has amounted in many 
nstances to more than the whole cost of the land, and has therefore affected the 
)roduction of hou.se8 as unfavourably for the occupiers in these cases as if the cost 
>f the land had been doubled. It is quite evident that land values being exposed 
o a spMecial rate would aflect the buyers and tenants of houses very severely, for 
he buildets would require to get as much additional inducement from the buyer 
»f the house as would counterlialance the lessened amount they would receive from 
ground-rent ■ buyers. 

Recent Remdis of Farm Labour Colonies, By Harold E. Moore, 

At the Liverpool Meeting in 1895 a paper was read on ^ Farm Labour Colonies 
ind Poor I^aw Uuardians,’ It was then pointed out that farm labour coldnies 
night be considered to be of two distinct classes. One of these would 
M) colonies for the reception of well-conducted men of the working classes 
ntnporarily out of emplovment : and the other class would be colonies for the 
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reception of men who would otherwise be in the casual wards, inmates of work- 
houses, or dependent partially on private charity. It was suprRested that the esta- 
blishment of colonies of the hrst class was difllcult ; but the further extension of the 
st^ond named was recommended as both desirable and practicable. 

During the last six yearn there has been exten.sion in the work of the last 
named, and so far wnth satisfacturv results. Colonies under the control of volun- 
tary committees, hut subsidised by grants fn^ra B<mrd8 of Guardians, are at work : 
(a) At Hadleigh in Kssex, under the control of the Salvation Array-, (b) at Dorking 
in Surrey, under the control of the Church Army^ in succession to a smaller one 
carried on by tliat organisation near lltord in Kssex ; and (c) at Lingfield in 
Surrey, and another near Kendal in Westmoreland, under the control of the 
Christian Union for Social Service. The tiiiancial and other results of each of 
these efforts from their economic aspect is st^parately considered. 

There are also colonies in operation not subsidised by Poor Law fhnds, the 
most important being the one und»*r the control of the Scotch Colony Association, 
near Dumfries. Them is also a colony for women only, founded by the efforts of 
Lady Henry Somerset, near Ueigiite in Surrey, as well as some smaller private 
attempts at' providing work on the land as a means of relief; while Guardians at 
Sheffield and elsewiiere are working land. 

The ri‘sults show that colonies for the second cla.s8 (a) have reduced the cast 
of maintenance of those there received a.'< compared with the t^xptmse of their 
maintenance in other ways ; and (h) have been beneficial as a reformatory influence 
when the work has been under the control of Christian voluntary committees, 
restoring some t<i independent life who would otherwise have remaiiuMi in a perma- 
nent dependent position. 


3. FfelhuPidt o/ PauptfriMifiy and Crimf\ lUj Miss Mary Dkndy. 

The s{)eoial {)oint to be proved is this : we are to-day suflering from an evil 
which will, if unchecked!, bring ruin ufKin our nation, and that before very long. 
A chain is no stronger than its weakest link, and the weake.st link in the chain of 
our life is the mass of mentally feeble persons who live amongst us, 

unguarded and unguided, suffering and helpless, a danger to themselves and to 
Society, and perp*;tuully propagating their .species. The time has come when this 
evil must Iw dealt with, very tenderly, very kindly, so far as individuals are 
concerned, but very plainly, very .'scientifically, so far as Society at large is con- 
cerned. A.S years ago our nation reali.^^id that >ve bad no right to populate a new 
country with criminals and cease d to send its convicts abroad, so now we should 
realise’ that we have no rigid to provide for our own future a feeble, helpless, 
half-witted po]mlation. 'riiat this is what we are doing at pn»8ent there is no 
doubt ; the main cause of feebleness of mind is heredity. 

The time i.scome when we should ask for .scientific morality, should question • 
what is morality worth which i.^ nut scientific, and should demand toat the 
transmission to the future of a terrible evil shall he stopped - an evil which brings 
all other evils in its train. It is not only that our weaker brethren themselves 
become criminals ; thev atlord tin* opportunity for crime in those who are not 
weak but only bad. It is probable that two-thirds of the crimes of our nation 
might be prevented in the course of two generations by a scientific method of 
dealing with the feeble-minded. And we must remember that it is futile to talk 
of weak-minded criminals as sinners. Sin tliere mu.st be, where so much crime 
and misery are; but the sin lies where tlu? responsibility lies, and that is with the 
sane qnd not with the insane. 

• The one defect most generally common to weak-minded persona is great 
weakness of will-pow-er. 

There is a whole class whose feeblenf^ss consists in a total lack of the moral 
sense. It was of these that lluxhjy wrote ; ‘As there are men born physically , 
crippl(!s and intellectually idiots, so there ore some who are morally cripples and 
idiots, and can be kept straight not even by punishment. For these peope there 
is nothing but abutting up or extirpation.’ 
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Many persons who are, when left to tlieir unassisted efforts, quite helpless can 
earn a livinji;, or partly earn a living, when under constant supervision. The 
lacking will-power can be imposed from without. The late Sir Douglas (ialton 
said that the feeble-minded man could never lie worth three-fourths of a man. 
l^t three-fourths, at least, could generally he arrived at in proper conditions. 
His weakness of will makes him oljedient to any suggestion ; he can be trained to 
make use of all theffaculties he possesses, and those faculties, though they cannot 
be made noriyal, can be greatly strengthened. Thus in good bands he may become 
nearly self-supporting, while in bad hands he is self-destroying. 

However, the Oommiteiorfers in Lunacy' have given us a good working 
definition of the feeble-minded. They speak of < ])ersons who are known as the 
feeble-minded. They are not the subjects of such a degree of mental unsoundness 
as in the opinion of the medical officers renders them certificable in the eye of the 
law, and they are, therefore, unable to be detained against their will, although 
they are not sufficiently of sojnd mind to he able to take care of themselves.’ 

Jlrietiy what happens to a feeble-minded boy (and there are three l)oy8 of this 
typo to every two girls) is this: He leaves school quite unable to take care of 
himself ; very often the one wholesome influence of his life ceases with his school- 
days, bis parents being very little stronger in mind than himself. Their one idea 
is to make him earn money for them, lie knows no skilled work and cannot keep 
u situation if he gets one. He cornea upon the streets, sells matches, shoe-laces, 
papers, and generally ends by turning up in gaol. Jly this time he has become 
used to a vagrant life, and as he can only move along the path of the least 
resistance, and us it is made so much easier for him to go WTong than to go right, 
he goes wrong persistently, and becomes a confirmed criminal. So he grows up 
through a pitiful and degraded youth to a pitiful and degraded manhood and dies, 
leaving behind him offspring to carry on the horrible tradition. With the girls 
the evil, though not more real, is more obvious, and for thb reason more attempts 
have been mime to help them than their brothers. Of course, in accidental cases, 
where the parents are respectable, they do their best for their weakly children, 
and try to keep t hem at home or wdth kindly employers. But if they are of the 
wage-earning class they ultimately, in nearly every case — their natural protector.«i 
dying — come upon the rates. The main cause of this tt»rrible e%dl is, undoubtedly, 
heredity. The child of* Ceeble-minded parent is likely to he one degree at least 
worse than that parent. Dr. Caldicott, of Karlswood, says : * In our statistics the 
one cause which stands prominently forward is Hererfiti/f and the more accurately 
we are able to penetrate the family history of our cases the more we are forced 
to the conclusion that a very definite ** neurotic ** taint is found in the direct and 
immediate progenitors. For my own part I believe this to be as high as 70 to 
75 per cent.’ Dr. Miiller, of Augsburg, also states that 70 per cent, of weak-minded 
persons are accounted for by heredity. 

The English law has at length rt^cognised the existence of these people as a 
class, apart both from the sane and the certificated insane. 

It now iH^rmits iHlucational authorities to make provision for them, but only 
up to the age of sixteen. As if those who are mentally unsound at sixteen 
would be mentally sound at st^venteeii ! < 

In 1898 there" were 100,«*ll’2 children on the books of the public elementary 
schools of Manchester. Of these 44,4(>il were in the Board school. I now 
proceeded to make an inspection of all tliesi^ Board School children, and I saw at 
their work, all who were in actual attendance, 39,900. When 1 saw a child who 
seemed to me abnormal, T made a special examination of it, speaking also to 
normal children so as to avoid singling out any one for remark. With the aid of 
an attendance officer, 1 took down all particulars concerning the child. .In this * 
way T made notes on 525 children. This report would, or course, not in itbelf 
have been reliable evidence. But when it was complete we were so fortunate as 
to secure the help of Dr. Ashby, our great children s doctor, the head physician of 
our children’s hospital, a mail whose opinion is acknowledged to oe* the best 
pomible. He most kindly consented to see all my cases. He examined every 
child carefully and gave a written opinion on each. He summarised the 
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leDiilt thus: 'Out of riOO exaniiiied, 214 wero dull nnd backward (it being un^or* 
stood that tlie backwardness arose from the eliildls eondilion,' not from homo 
eunditions), 270 were mentally feeble, 4 wei-e deaf-iniiles, and II dill not appear 
to be sutllcienlly behindhand to ('oiue under either of thest> terms.' 

Adding the praportinn for the voluntary sehoolg in Manchester, we ht|ve 
about 1,0(10 childreii who an* lueiil ally unsi)uud in the dav*iichools at one time. 
Since then 1 have worked in u similar maiiiier through all tue voluntary schools 
in a large noihScliool Hoard unia with siudlar results. Wheri>v*)r an attempt 
has been made to obtain coim't statistics, these iigiires are coniinned. To con- 
clude. IVudence, economy, and hiiinanily deinaful that we shall deal with this 
question rationally. It is pcvsible at an early age to detect the unsound brain ; 
scientitic morality demands that we shall take care that our weak-minded children 
are always protected, so as to render them harmless to themselves and Society. 

1 shall ask you to dwell on the.se facts : ~ 

Our workhouses and lunatic asylums cannot provide for our dendict population. 

Jmnacy and imbecility and pauperism aiv largely on the increas(\ 

Two per cent, at least of our school-going populatiim are in some degn'e 
weak-minded-some ratin', some less. I'Vflilfness of mind is hereditary, with an 
increasing intensity. 

Almost all feeble-minded persons atv at large during the most critical period 
of their lives, and most l)eeonie parents. 

It would be easy to detain such persons if the detention were commenced in 
early youth, and they could be kept happv, harmless, and partially self-supporting 
for ibeir whole lives. Tliey would then lie no danger to Society, and they would 
be far smaller expense than they aV. 


4. Heiml on the EtMomv' Efiet iifLnjlsktm reejuMn^ iromcn's 
Lnhijiii'. ■St'eReports, p. Ill)!l. 
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Skction G.— ENOINEEllING. 

Presiui:nt of the Skctjux— C oloiu l It. K. Cro.mptox, M.In.<t.C.E 


THVnSDA r, SKVrEMliER 12. 

TIu* I’rosiclent delivered the following Addresis: — 

At this the first meeting of the British A ssocial ion of the new century I wish to lay 
before you some of the interesting problems presented by recent deVelopments in 
means of locomotion on laud which demand the best thoughts, not only of our 
engineers, but of everyone interested in the improvement in means of travelling 
and in the mori' rapid transit of goods. 

During the seventy years which have passed since the introduction of railways 
in almost every country i)as8(‘nger and goods trafiic has developed itself to such an 
rxlent that almost eveiyone is intei'est^ in these questions; and of late years our 
attention has not been confiiUHl toraihvays only, but, owing to the invention of the 
cycle and motor-car, has also been directed to travel on our road-ways, which during 
the first fifty years of the railway era had somewhat fallen into disuse. I am not 
able, lx>ing limited to the length of this address, to deal with many of the interest- 
ing qiu'stions atfecting our long-distance railways other than by referring to the 

? robable early introduction of railways of n new type intended to* at tain a speed of 
20 miles per hour and worke<l bv electrical power. I'he railway race to S^tland 
of a few years back attracted tlie attention of the managers of American and 
( 'Ontineiital railways to railway speed questions, and we have seen during the last 
few years so great impDvcnieut in the of the trains and the comfort of the 

passengers in these countries that it appears that Euglund has already been beaten 
in the mutter of extreme railway spe^, although it is probable that" our railways 
still provide a larger numbin’ of rapid trains than either the American, German, or 
French do. But whether it bt* in England or in the countries I have mentioned, 
it appeal's that after all the speed limit of railways of the present sysU^m of 
construction is reached at about aixtv-five or seventy miles per hour. Higher 
speed on level runs has undoubtiHily Ibeen recorded, but it is uot probable that 
anything greatly in excess of seventy miles per hour will be reached until our 
railway managers initiate an entirely new system of construction. The high-speed 
service that is now in contemplation, not only in England but in America and 
Germany, intends to attain speeds of over one hundred miles per hour by providing 
electrical means of haulage suHicieiit to propel lijrht trains consisting of one, or, at 
the most, a few cars ; and in order to render this service successful to run these 
lif^ht trains at short intervals of time, so in effecting this high speed the railways 
will give a service which more nearly resembles the tramway service than our 
present system of heavy express trains at infrequent intervals. This high-speed 
service of light trains at frequent intervals is well suited to electrical haulage, 
as it works generating machinery situated at fixed iioiuts to the best advant^ 
and enables the best return to be obtained from the necessarily heavy capital coat 
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of copper in the conductors which transmit the energy along the length of the 
line, as it is evident that if the speed ho sufficient to ensure that .each section 
of Uie line only carries one running train, the costs of the conductors will be in 
proportion to the weight of that train. 

Great advantages have alivady been made in adapting electrical traction ^to 
long lengths of railways. The work already done by Brown Boveri, of Baden, in 
Switzerland, at first on the mountain railways and afterwards on the Burghdorf- 
Thun full-gauge line, the experimental work* of Ganz & Co., of BuJa-Pesth, and 
of Siemens iS: llalske at Charlottenburg, have iflrendy shown that the power 
problems are nearly all of them solved, so that wo may feel confident that 
electrical engineers will very shortly siiniiomit any power difficulties that still 
remain. But this high-speed railways problem at present presents certain unknown 
factors which can only be sa list ae tor ily determined by the actual testing and 
working the lines when carrying passengers. 1 refer to those which deal with 
the increased oscillation, vibration, and noise to be expected from the extreme 
speeds. These matters must be met so as to give sufficient comfort and protection 
to the passengers, for if passengers are rendered uncomfortable by the extreme 
speed the service can never become popular, and on this last question depends the 
most important question of all, viz., the extent to which the travelling public are 
likely to make u.<e of a high-speed railway service. In attempting to forecast this 
matter, although we meet many business men who think it would he an undoubted 
advantage if tlie journeys between important business centres occupied half the 
time they do at present, in tlm United Kingdom there are only a few journeys 
of sufficient length to make saving of time of great importance, lint the case is far 
difierent in America and on the Continent, where the business centres are much 
further apart than they are here. I, as an English engineer, foresee that this 
topographical question will cause our English engineers to be at a disadvantage 
S8 compared with American and Continental ones, for it appears likely that the 
number and mileage of high-speed railways is likely to be tar greater in America 
and on the Continent than in the United Kingdom.* Bi^fore I entirely leave the 
subjectof very high-speed railways,a rather curious 8p(H;iilat ion presents itself to us: 
this is wliether the need for rapid communication between town and town may not 
eventually Ije supplied by high-.'jjieed motor-cars on roads siiecially prepared for them. 
Mr.AVella in his interesting forecast in the * Fort niglitly 'Review ’ seems to think that 
the time i.s not far distant when all passenger traffic will be carried on special roads on 
motor-car.?. That the a<lvantage.s of carrying your family and loading up your belong- 
ings at your own door, in your own or a htr«*d car, and transporting them without 
any change or handling of your baggage right up to the point where your journey 
en^, will 1m5 so great that even comparative long journeys travellers will 
prefer it to the railway, and that our railways will eventually be relegated to carr^’ing 
minerals and heavy goods. But, without going so far as Mr. Wells, it does seem 
probable that it only a few* pa.ssengers require to travel between two business 
centres such as Manchester and Liverpool, and to occupy only half the time from 
door to door at present tak4*n by the railway and the two terminal cab rides, it 
might be better to provide one of Mr. Wells’ improved roads on which private 
owners could run their own cars, paying toll for the road, and on which ft public 
service of cars would provide for tnose wdio did not own cars themselves. 

I now propose to deal at somewhat greater length with what I think is a most 
important problem in locomotion, viz., that caused by the congestion of strset 
traffic in our towns and by the uiuloubted ditficiilties which exist in carrying our 
workers to and from their homes in the country to their places of employment in 
our towns. A large proportion of the workers who during the latter half of the 
last century lived and worked in the country are now working in towns, although 
some of them still live outside in order to obtain the advantages of lower rents 
and of a healthier life for their families, and this last class is likely to largely 
increase. Those who have been responsible for the enlarging and improvements 
of our towns have done so much to make town life preferi^le to country life that 
the country is gradually being depopulated. The results we see in the inerearing 
difficulties which the town authorities find in dealing with the water and sewerage 
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questions, and in the increasing mass of vehicular street traffic, which makes some 
of our cities veritable pandemoniums. Lur^kily it seems that we are likely 
through the "skill and energy of our engineers to meet these difficulties in more 
than one way. The cycle, which commenced as an amusement and went on as a 
fa^ionable craze, has now settled down into being the poor man’s horse. The 
number of our working population that use the cycle for going to and from their 
work is already ver}P large and is .steadily increasing, and their use of the roads 
must be consiclered. Then came the motor-car, developed in France to such sn 
amazing extent, and which seems now likely to be developed to an equal extent in 
this country. After many years of objecting to the use oi the overhead trolley 
system, our town authorities seem now to have determined that the only way of 
relieving street traffic is by an enormous development of electrical tramways, and 
on all sides we find the large towns rivalling one another in the extent of the 
tramway systems which they have either acquired or are laying down for them- 
selves. It seems opportune now to (joint out that a great deal of mischief may 
accrue by this indiscriminate use of t mm ways, and for those who are considering 
these matters I bring forward a few facts which are worthy of notice. Of course, 
in new countries, or in new towns in old couutries, where the roads are rough and 
bad, anything in the nature of a tramway using rails is an improvement on a road- 
wav ; but when we are dealing with cities which already possess well laid out and 
well paved streets on which all kind.s of wheel traffic can be carried on with a 
minimum of rolling resistance, it seems wrong from an engineering point of view 
to break up the surface of these streets for the purpose of laying tramways, and for 
the following important reasons : Traffic carried ou a roadway by vehicles, whether 
horse-drawn or by cycle or motor-car, differs from traffic carried on rails chieflv in 
that the former vehicles possess an important power, viz., that of overtaking^ which 
is not possessed by the latter, that to say that vehicles on the plain road surface 
can overtake a stopping or a .slower vehicle going in the same direction without 
interfering with other vehicles, whereas on rails the vehicles going one way must 
always remain in the same relation to one another, so that the .speed of vehicles 
on rails must always be regulated by that of other vehicles going in the same 
direction. Street tramways, for instance, mu.st stop to set down and take up 
passengers: this limits the speed average and the numb(T of vehicles per mile of 
track, tor if there be not auffieient intervals between tlie veliicle.s they would have 
to stop and start nearly .simultaiujously. Thus tho carrying capacity of the best 
modem electrical tramway is limited by this want of overtaking power. I have 
made careful inquiry from the.se who have great experience in tramways not only 
in this country but in America and on the Continent, and I find that it is geiiei*ally 
admitted that the maximum carrying capacity of an electrical tramway in one 
direction is 4,000 passengers per hour carried past any given point. 1 find 
that a full-gauge suburban or mtdropolitaii railway crowdtxl to its fullest extent 
cannot carry more tlian l:J,0l)0 passengers per hour. Now most of us have often 
seen large crowds taken aw'ay from a point of attraction by omnibuses and horse- 
drawn vehicles, and have noticed that the crowded omnibuses almost touch one 
another and yet can go at a fair rate of speed. In this case at eight miles per 
hour speed 14,000 passengers can be carried from a given point per hour. 

Up to the present a public motor-car service has not yet been installed of any 
magnitude to enable us to coinpai’e the carrying capacity of motor-cars with that 
of horse-drawn omnibuses, but owing to the reduced length of motor-cars com- 
pared with that of omnibuses, and on account of their greater speed and gi^ter 
control, motor-cars can now be built to deal with great crowds at an even nigher 
rate per hour than that noted above, it appears certain, therefore, that although 
the provision of electrical tramways is undoubtedly an ectonomical means o( carry- * 
ing passengers, yet that these tramways cannot be laid in existing thoroughfares 
without considerably reducing the total road carrying capacity at times of heavy 
pressure of traffic, and as it appears likely that either for the daily transport ef the 
workers to ud from their homes to places of employment, or for taking great . 
cn^wds out into the country for pleasure purposes, a motor-car service carried out 
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oil ^vell>u]a(ii; roads will compote favuunibly with, and in many ways may be prefer- 
able to, tramw’ay service. ^ * 

It must bo remtMubeivd that the laving of tram rails not only blocks ordinary 
traibe, but in our most crowded streets it intnxluces dunfrers to all wheeled vehicles 
not on rails, motor-cars, and cyclists by the skidding of the wheels when they crqiss 
the line of rails, and these dangers are daily causing^ and are still likely to cause, 
very serious accidents. ‘ 

The increased road and street trailic and the development of view means of 
road locomotion have made imperative some modification r f our existing svstem of 
roadway administration. Cycles, motor-cars, electric‘al traincars, have been in- 
vented and put on roads 'which are maintitined and worked exactly as they were 
seventy years ago at the commencement of the railway era, when the population 
of the Lnited Kingdom was half its present figure, ami that of the large towns 
one-tenth of the present figure. During the loO years previous to the railway era 
the ancient tracks were gradually improved into tolerably efficient roads for coach 
and 'wagon traffic, but after the intrcKiuctioii of railways there was a complete 
cessation of improvement, jis for lifty yeai-s afti»r the railways started the old 
roads were equal to the farmers* and local trailic which the railways left for them ; 
but for the last twenty years the roads near to the great towns have been inadequate, 
and now that the cyclist and motor-earist travel over the whole of the roads of the 
country the neglect of our ancient roadway system is very apparent. 

Although ihe urban populations have m greatly increased, the old coaching 
roads are still the only on.>s that exist : no main roads parallel to the old ones or 
alternative to them have ever lx*en made. Towns which are now joined by rail- 
ways grew out of small rows of houses built facing the main rtMid; in fact in 
many cases the road made the town. During the early part of the railway era, 
when the roads were so little used from coaching fulling into disuse, eticroacb- 
meiits on the rnadw'ay took place in and near the towns, such roads being now 
actually narrower and los suitable for trnfKc than in the coaching days: so that 
these towns which owe* their existence to lhe.se roadways now put every impediment 
and hindrance to their use by the travelling public. What is needed is that towns 
situated on our main through roads sliould provide alternative routes, so that 
through travellers could, if they desired, avoid the crowded strei'ts of the town. 
One method of providing such relief roads would be by by-laws providing that all 
building estates should set a-ide land for main roads. The building estates which 
are developed around our great towns never provide a road which can be used as a 
main line of thoroughfare, although by their very act of building additional houses 
they cause additional coDgestioii to the main roads. They lay out their roads to 
obtain quiet for those who live on the instate, and take every possible means to 
prevent their e.state roads from taking a share of the main thoroughfare traHic. 

Parliament must take in hand an improved administration of our high- 
ways by a comprehensive scheme. Far too mnny ancient main lines of thorough- 
fare, already too narrow for the trailic which" is on them, are being blocked 
by having tramways laid on them; these rau.«e the devedopment of building 
estates, woich throw additional traHic on to these thoroughfares. Apart from the 
roads themselves, the complicattMl conditions of street and road trailic demand 
careful regulation. Street tralTic! should be carried us far as possible by lines of 
vehicles driven as nearly pnralhd to one another ns possible. The rule of the 
road, as it is called, and which is embodied in an Act of Parliament, 5 and 0 of 
"William IV., which is commonly called the Highways Act, says that every 
vehicle is to keep as close as possible to the left, or near side of tbe road, except 
when overtaking another vehicle going in the same direction, and then it is to 
' keep to ithe off side of the overtaken vehicle as closely as possible. As a matter 
of lact, everybody know's that this rule is hahitiiRlly neglected by drivers who, 
whenever they get a chance, drive down the centre* of the road, so that others 
who (Overtake them dare not do so on the wTong or near side, but must pass out 
far to tbe off side of the road, and consequently interfere with the traffic coming 
in tbe opposite direction. This neglect of the rule of the road causes a great 
waste of space immediately behind every vehicle, and is one of tbe chief causes 
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of the limited carrying* capacity of the streetn in cities where the police do not 
attend to Jhis important matter. It can hv remedied by the existing police 
regulations being adhered to and insisted on by fixed-point constables, or by 
constables moving about on motor-cars or bicycles. Slow moving and frequently 
stopping vehicles are another cause of congested trafFic. A great deal might be 
done by arranging^that during certain hours much of the slower moving traffic is 
shunted into altern^ative routes, so os to be kept by itself. An increase in the speed 
of the street traffic is desirable ; for the faster the vehicles travel the less the 
street is occupied by them. Motor-cars can safely travel at sixteen miles an hour, 
and, therefore, new oiilv tahe half the time and occupy only half the street 
surface that an omnibus does when travelling at eight miles per hour. Such high 
speeds as these, which are desirable and perfectly safe for motor-cars, cannot, 
however, be obtained unless some regulations are made as to the use of the 
roadways by foot passengers. Tlnire is no rule of the road for foot passengers — 
they pass one another on the footpath, or vehicles in the roadway, just as they 
please. No driver of a vehicle in the road who sees a foot passenger stepping into 
the roadway can ever tell with certainty what Lis movements will be. It will be 
no hardship to foot passengers to insist on their movements )x‘iug regulated. 

Much has been recently said and written on the subject of motor-cars and 
motor-wagons. It is generally admitted that there will be considerable scope for 
engineering skill and capital in their improvement and construction. It is by no 
means an easy problem to put into the hands of the public such a complicated 
pit'ce of mechanism as a self-propelled carriage which has in most cases to be 
managed and driven by men who have had no special mechanical training. Motor- 
cars to bi^ universally successful must be made so ns to reduce to a minimum the 
liability to break down ; repairs must be limited to the replacement of worn or 
damaged parts by other parts, which must be supplied by the manufacturers so 
that they can be readily put in by the unskilled users. That this can be done is 
shown by the success and universal use of typewriters, sewing machines, and 
bicycles ; all of these are really complicated pieces of mechanism, but which arc 
now in such general use and in everyone's bands. In these cases, however, the 
organised manufacture of mucliines with thoroughly interchangeable parts, or com- 
ponents as it is the fashion to call them, has only been developed after the type of 
machine had settled doAvn,«and this up to the present cannot be said of the motor- 
car or motor-wagon. Up to the present the development of these cars has gone 
on on several lines. The development in France, whicdi so far has led the world, 
has been principally in the direction of the use of light motors driven by petrol 
spirit. Again to trance we owe the flash boiler of Serpollet, which assists the use 
of steam engines for this purpose. 

At first sight steam, with the complications of boiler, engine, and condenser, 
does not appear likely to compete favourably with the simpler spirit motor, but for 
heavier veiiicles, where steady heavy pulling power is of importance, up to the 
present no internal combustion motor has competed with it. The Americans, 
with their usual skill and power of rapidly organising a now manufacture, have 
already turned out a very large number of "steam-driven motor-cars, which are so 
largely in use in unskilled hands that it shows that they have already solved the 
problem to some extent. 

The directions in which the two classes of motors require further development 
are, for the internal combustion motors, the satisfactory and inodorous use of the 
heavier oils, and in this perhaps Herr Diesel may help us with bis wonderfully 
economical motor improvements in the clutch mechanism, for with all in- 
ternal combustion engines up to the present it has been found impossible to start, 
the motor when coupled to the driving-wheels of the car ; and in the ca«e of^the 
steam motor the simpliflcationof the boiler, the boiler feed mechanism, the inodorous 
and noiseless burning of heavy oils as fuel, improved condensers, methods of 
lubricating the pistons and vnlvce so as to avoid oil passing back to the 'boiler 
with the condensed water, and the rendering of all processes of boiler feed and fuel ' 
feed mechanism completely automatic so as not to require the attention of the 
driver. On points common to both classes, although much has been done, further 
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improvement is required in the methods of transmitting the power from the motor 
to the driving-wheels. In the case of the steam cars, where this has been done 
by single reduction, using chain, pinion, and sprockets, very efficient and noiseless 
transmission has already been obtained, but up to the present in most of the internal 
combustion engines where more than two cylinders have to be employed, it has 
been found necessary to arrange the crank sJiaft of the motor at right angles to the' 
axle of tin* driving-wheels, so that pnrt of the transmission l]a\iog to be through 
bevel gear, this part has up to tlie present always been noisy. In t^p providing 
of noiseless and efficient chain driving, the raamifacturer of cars has gainea 
greatly bv the high degree of perfection to which these chains bad already attained 
for bicycle work. 

The rwent great road races wliich have taken place in France and elsewhere 
have shown that the motor-car can bt* drivt‘n safely at a very high speed, alre^V 
reaching in some cases seventy miles an hour; but to render this capacity for high 
speed useful, not tinly must special roads be provided on which these high-sp^ 
cars can travel without danger to others and with least slip and wear and tear of 
tyres, but a great deal requires to be done in the improvement of the pneumatic 
tyres, which at present get excessively hot, and therefore damaged by tnese high- 
speed runs. At these higli speeds the mechanical work done on the material of 
which the outer covers df pneumatic tyres are composed is excessively high. It 
can probably be reduced bv iiicri'a-sing the diameter of the wheel.**, hut, of course, 
at the cost of increased weight and, to some extent, of stability, for the side strains 
on the wheels of these cars when swinging round curves of sharp radius are very great. 

Another direction in which mechanical invention is r(*quired for the wheels 
of motor cars and wagons is a shoeing or protection of hard material of easily 
renewable character vaiich can be iirmly and safely attached to the outside of the 
tyre covers to take the wear and cutting action caused by the driving strain and 
by the action of the breaks on sudden stops. 

The late R. \V. Thomson, of VMinburgh, made good progress some thirty vean 
ago in providing steel shoeing for the solid rublxir tyres he then used, and the 
problems of providing the same for pneumatic tyres ought to be no harder than 
those he then successfully encountered. 

One of the topics which has been most strongly discussed during the last year 
has been the position which this country holds relatiyely to other countries as 
regards its commercial supremacy in engineering matters. A few years back we 
ivere undoubtedly ahead of the world in most branches of mechanical engineering, 
l)ut owing to the huge development of mechanical engineering in America and 
Ciermany, we are certainly Ixdng run very hard by these countries, and everyone 
is looking for means to help us to regain our old position. In endeavouring 
to Jearn from America we see that, although the w'orkmen in that country 
receive higher wage.s than they do here, and although the cost of some of the 
materials is higher than it is here, tlieir manufacturers manage to deliver engines, 
toob, and machinery of all classes of excellent quality at a price which appears to 
our manufacturers to be marvellously low. When we look into the matter we find 
that the chief ditferencf! between the manufacturer of America and the nuum* 
facturer at home is that, whether it he steam -engimrs, tools, agricultural mi^hinery, 
or electrical machinery, the Ainerieaii invariably nmniifactiires goods in large 
quantities standard patterns, whereas we rarely do so here, at any rate to the 
same extent. Where we turn out articles by the dozen tlie American turns them 
out by the hundn^d. This difference in t he extent to which an article is reduplicated 
is caustMl by the Americans having real’ised to a far greater extent than we have 
the advantagt? of standardisation of types of machinery. They have felt this so 
strongly that we find in America that w'f»rk is far more* specialised than it is here, 
so tbVit a manufacturer ns a rule provides himself with a complete outfit of machi- 
nery to turn out large numbers of one article. He lavishes his expenditure on 
s|)ecial Ynachinery to produce every part sufficiently accurate to dimension to secure 
thorough interchangeability; consequently the cost of erecting or assembling the 
parts is far less than it is here. One reason w'hy the American manufacturer has 
been able to impose on his purchasing public his own standard types, whereas we 
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hOiVe not been able to do so, is that very rarely in America does a consulting 
engineer cope between the manufacturer and the user, whereas here it is the 
fawon for the majorit:^ purchasers of macliinery to engage a consulting 
engineer to specify and inspect any machinery of importance. By this 1 do not 
impute any blame to our consulting engineer ; he considers the requirements of 
his client, and inngts that they are to be adhered to as closely as possible ; to lum 
the facility of the production of articles in large quantities is of no moment. In 
America it aoems to be understood by the purchaser that it is a distinct advantage 
to everyone concerned, both manufacturer and purcliaser, that the purchaser 
should to some extent give way and modify his requirements so as to conform 
with the standard patterns turned out by the manufacturer. Although munu- 
factuiers all hope for this simplification of patterns, yet, for the reasons I have 
given, it will be some time before their hope is realised. But on other matters it 
is quite possible for manufacturers to cf^mbine, so as to obtain some standardisa- 
tion of parts which they manufacture which will reduce costs and be of advantage 
to everyone concerned. Many years ago Sir Joseph Whitworth impres«ed on the 
world tne importance in mechanical engineering of extreme accuracy, and of secur- 
ing the accurate fit and interchangeability of parts by standard gauges. But in spite 
of his idea being so widely known and taught, how seldom it has been acted upon 
to the extent that it should be. AVe pride ourselves on having all our screws made 
of Whitworth standard, and yet how many of the standard bolts and nuts 
made by different makers fit one another ? I myself have sat on a committee 
of this Association which was called together twenty years ago, wdth Sir Joseph 
Whitworth as a member of it, to fix on a screw gauge which would be a satisfactory 
continuation of the AVhitworth screw gauge down to the smallest size of screw 
used by watchmakers.^ It has taken all these years to carry out the logical outcome 
of »Sir Joseph Whitworth s original idea, viz., the providing of standards to be 
deposited in care of a public authority to act as standard gauges of references. 
The complete interchangeability of parts which 1 have al^ve referred to, and 
which b so desirable in modern machinery, can, of course, be obtained within the 
limits of one works by that works providing and maintaining its own standards to 
a sufficient degree of accuracy. But if the articles be such as watches or bicycles, 
motor-cars, &c., it is very desirable that all parts liable to require replace- 
ment should be made "by all manufacturers to one standard of size, and in 
order that the gauges required for this purpose shoidd all be exact copies 
of one another it is necessary that they should be referable to gauges 
deposited either with the Board of Trade or with some body specially fitted to 
verify them and maintain their accuracy. 

(Jp to the p^ent the Board of Trade has dealt with the simple standards 
of weight, canaefty, and length, but in other countries National Standardising 
Laboratories nave lH^en provided, viz., by the Gormans at their Beichsanstalt 
at Oharlottenburg, and 'with the happiest results; here at last, through the 
exertion of the Council of the lioyal Society, our Government has been moved to 
give a grant in aid and to co-operate with the Boyal Society to establish a National 
Physical Laboratory for this country. About ten years ago Dr. Oliver Lodge gave 
the outlines of a scheme of work for such an institution. Later Sir Douglas 
Galton, in his Presidential Address to this Association, called attention to the 
good work done by the Germans and the crying need that existed for such an 
institution in this country. The matter has since progressed. A laboratory is 
already in existence, and will soon be at work, at Busby House, Teddington : it 
is a large residence, which was once occupied by the late Duke of Clarence and 
afterwards by the Due de Nemours. It will make an admirable laboratory, as it 
boa lar^ and lofty rooms and a vaulted basement in which work can be earri^ on 
where it is important to secure the observer against changes of temperature. 

Tlie aims of a National Physical Laboratory have been well put forward by 
Dr. Glazebrook in a recent lecture at the Royal Institution, in which he points out 
how little science has up to the present come to be regarded as a commercial iactof 

* A report of this Committee will come before you daring this meeting. 
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in our coiumerciul world. Tho position of uiuiiufacturers of nil classes must 
helped aud improved by a well-considered series of investij^atlons on the properties 
of materials, measurements of forces, and by the careful standardisation of and 
granting certificates to measuring apparatus of all classes. Until the miestion is 
fairly faced and studied, few manufaettm^rs realise how htdploss individual effbri 
or individual investigations must be when compared with comprehensive and con- 
tinuous investigations which can be carried on by a National lAboratory so as to 
deal with the whole of each subject completely and exhaustively, insticad of each 
investigation being limited by tho temporary need of^each inanut'ncturer or user. 

As an example Dr. Ulazebrook showed how miioli lias been done at Jena and 
afterwards at the lleichsanstalt in the development of the luanufactun^ of glass used 
in all classes of scientitic apparatus. The (merman glass trade has benefited 
enormously from these investigations. The mierom^pic examination of metals, 
which was begun by Sorby in 18(54, has lx‘cii much worked at by individual investi- 
^tors in this country, but its fiirthiT development, which is probably of enormous 
importance to arts and manufactures, is clearly the duty of a National Jiaboratory. 
We owe much to the investigations of the Alloys Research Committee of the 
Institution of Mechanical Kngineers ; but, again, this is work for the National 
Laboratory. As regards the measurement of physical forces how little is accu« 
rately known of the laws governing air resistance and wind-pressures, and the 
means of measuring tlu‘m. Who cun formulate with any certainty a law for the 
air resistances likely to be met with at speeds in excess of eighty miles an hour, 
the importauce of which 1 have already noticed ? 

I have already alluded to the veritication, can% and maintenance of ordinaiy 
standard gauges of accuracy. In thi> electrical age the accuracy of electric standards 
is of supreme importance. 

These are only a few of the dii-cctions in which we can foresee that the establish- 
ment of a National Physical Laboratory will be of the greatest use and assistance 
to our country in enabling it to hold its own in scientitic and engineenng 
matters with its energetic rivals. The work has been commenced on a small scab*, 
blit it is to lie hoped that its iisefiilne-ss will become at once so evident and appre- 
ciated that it will soon be developed so as to be worthy of our country. 


The following Papers were read: — 

1, Th', Mtjchnnicnf Exhibifs in the Gfastjow ExhibUion» 
By D. H. Mohton. 


2. Lony conilufiovH hurniny Pelroleatn Lainys for Buoys and Beacons. 
ByJou}i R. AVuijiAM, 


3. New ScinUHaflny Liyhf house Light k By 3 Oils R. WlOHAM. 


4. A Recording Manwneter for lliAjh-presmre Explosians^ 

By J. E. Prtavel. 

In this inKtriinient the spring of the ordinary indicator is replaced bv a metal 
cylinder. •• The travel of th(‘ piston is therefore limited to the amount allowed by 
tile clastic compression of the metal (aliout one thousandth of an inch in the case 
of the pn*sent records). 

The diagrams <.*xhibited arc topical of tlie results obtained : they both rt?fer 
to a mixture of air and gas in the ratio of 6-4 to 1 tired at an initial pressure of 
about 1,19U lb. per sq. inch. In the second ligure the speed of the chronograph 
has greatly reduced so as to obtaii a clear record ot the rate of cooling. 
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Tin* ftillowinjf Report mid Papers were read : 

1. Report on the Reftistfince of Rond Vehiotp.H to Traction, 
See Reports, p. 402. 


2. Railway RoUhtfj Stock, PctHcnl and Future, 

By Norman D. Macdonald, Adrocate, 

In this paper the discussion is confined to rolling stock as used, and as likely 
to be used, in Great Britain, only touching upon this progress in other countries 
so far aa it can be used to illustrate or provide hints for our future. Nor does 
it dwell on the present state of the art except so far as to show the future 
tendency. An attempt is made to raise points for thought and discussion rather 
than to give a lecture on the subject or to lay down laws and principles. 

First, locomotives are treated on, and theses under the various heads of 
shunting, mineral, goods, suburban, and express. Suggestions are made as to the 
best types for each in future, and the doss of demands they will have to answer to. 
The question of compound verms simple is looked at, and also the matters of steam 
pressures, types of boilers, compensating levers (with special reference to the 
method in use on the New York (Central and Hudson River Railroad for throwing 
extra weight on the drivers), water tubes, arrangements of fire-boxes, and all the 
details xiecessary to produce an etllcient and powerful machine on our confined 
gauge. The various points observed at the Paris Exhibition for getting more 
power are touched upon. Also the modifications of designs necessary to obtaining 
a clear view ahead when a huge boiler is used. Reference is ma<le*^to the use of 
auxiliary electric locomotives on grades. The various types, * four-coupled,^ ‘ ten- 
w-heeled/ and ^ Atlantic ’ for express locomotives an* discussed. But in the whole 
paper no attempt is made to be technical or to descend to mere details. JLoco- 
motive tenders are briefly touched on with refei-cnce to track-tanks and their uses. 

N'ext, passenger coaches nve dealt with, including all questions of couplers, 
brakes, heating, and ventilation. The various types of trains and coaches — suburban, 
ordinary local, and express ; sleeping cai*s (first and third), dining cars, buffet cars, 
kitchen cars, and a new type for suburban trains, with references to United States, 
Russian, and Continental practice and progress — are fully discussed. The coming 
competition of electric trams and motor-cars for suburban traffic compels the con- 
sideration of new types of rolling stock for competitive purposes. High-speed 
brakes for special 'stock are touched on. 

Lastly, goods and mineral waggons claim, attention, and in regard to these, 
economical transport in laiger units, couplers, continuous brakes, and all tbe 
vanons questions of quick handling and quick transport are looked at. A cross 
between United States and British practice is advocated, and the examples of such 
from the colonies nre adduced in illustration. 


II. The Pannma CnnoL By P. Bitn.\1t Varilla. 


4. On a Lenf-nrrestor, or Ajparatns/or remoriny Leaven^ Lfr.,^froin a 

Wnier Supply, By The Earl of Rosse. , • 

Having recently erected a tiiibine of 16 h.p., w'ith 8-foot fall, for working an 
electric light installation at Birr Castle, I found, ns 1 had anticipated, considerable 
trouble through leaves, &c., choking the sen^en in the water supply, so much so. 
that during the fall of the leaf last autumn the output was generally reduced to* 
one half in the course of half or three-quarters of an hour’s working unattended, 
notwithstanding that the area of the screen was nearly a hundred square feet. 
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Acfconlingl j an apparatus was dovistnl for remedying the evil. It was so 
successful that the turbine would go for a whole day without attention and 
without diminution of output from the above cause. 

The appartil us consists of a cylinder of wire gauze, of 4 feet diameter and 
4^ feet height, set in an opening* in a vertical diaphragm extending across tbe 
supply drain and revolving twice in a minute or so round a vertical axis. The 
current flows through the gauze cylinder in a horizontal direction. The^^eaves, 
carried down with the current, attach themselves under prossure the stream, 
are carried round till they reach the diaphragm, which on that side is double, 
with nn intervening space of some ten inches, which is connected with the tail- 
race ; and at this point, the curnMit through the gauze being reversed, the leaves 
are detached and are carried by a portion of the water towards the tail-race. 
Four or five per cent, of the supply is ample for conveying the leaves ; probably 
much less would suftice. A very few leaves get past and on to the screen, but so 
few that they give no trouble. 

The apparatus has also betm constructed of the disc form, and also as a 
cylinder on a vertical axis, the water entering all round, except along one vertical 
section connected with the tail-race as before, and bearing vertically downwards 
round the axis ; but only as working models, and on this scale they are even more 
effectual in their notion. Ilut there seemed no sufficient reason for modifying tbe 
full-sized apparatus, which has now been in action for nearly a year, and has given 
complete satisfaction. 


N4 TUnUA r, SEPTEMIiEIl 14. 
'riitt Section did n<jt meet. 


MONDAY, SEPTEMDEK 16. 

The following Papers were rend : — 

1. Thf‘ P rot fiction of Buildiwjs from Lightning, 

By Killinowortii Hedges, MJ.E.E, 

The last time this subject was brought before this Association was at the Bath 
meeting in 188^$, when a joint discussion of Sections A and Q was held ; but there 
has been no official report as to tbe effect of lightning stroke upon buildings 
proti?cted by conductors since the Lightning Hod Conference of 1882. Interest in 
the subject has been again revived, first, by tbe Klectro-Technische Verein of 
Berlin, who have this year published a set of rules ; and secondly, by the 
establishment in this country of the Lightning Kesearch Committee, oiganised 
jointly by the Royal Institute of British Architects and the Surveyors’ Institute. 

The author compares Continental and American practice, and gives an account 
of his rearrangement of the system used at St. Paul’s Cathedral, where the 
conductors, erected as recently as 1872, were found to be totally inefficient, both as 
regards the conductivity of the joints and the resistance of the earth connections. 
In the plan recommended, both for this installation and for the more recent one at 
AV^stminster Abbey, the number of ordinary conductors from air to earth has 
been greatly increa^, and, besides these, horizontal cables are run on the ridges 
of the roofs and in other prominent positions so as to encircle tbe building, being 
interconnected to the vertical conductors wherever they cross one another. The 
horizontal cables are furnished at intervals with aigrettes, or spikes, which are 
invisible from tbe ground level, and are designed to give many points of 
discharge. At the same time they, in conjunction with the cables, wonkl receive 
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any side flash which might occur should any portion of the building receive a 
direct stroke of lightning. 

The unreliability of soldered joints for conductors, whether of cable or tape, 
has led the author to design a special joint box, which can be applied for uniting 
,any portion of the system together in such a manner as to give great mechanical 
strength as well as good electrical contact ; at the same time any box can have 
points inserted 80 *as to form an aigrette in any desired position. 

Owing the diiiiculty of sinking an earth plate of suflicient area, on account 
of old foundations, a special form of tubular earth has been designed which takes 
up little space and has the advantage that if a suitable moist ground is not 
obtainable the desired low electrical resistance is attained by leading a tube in 
connection with the rain-water pipes, so that a portion of the rainfall is diverted 
to the tubular earth. 

The author alludes to the immense amount of damage to property annually 
occurring which might be prevented if elficient conductors were installed. He 
mentions that instead of every church having its lightning conductor not ten 
per cent, are so provided ; and in the cast* of other public buildings the percentage 
IS not much larger, the reason in the case of the former class of buildings being 
that a vicar wishing to safeguard his church has usually to pay the cost out.of 
his own pocket. 

Architects, as a rule, treat the question of lightning conductors in a very brief 
manner, and in their specitications seldom say anything as to the way in'which 
they are to be run, or the neceasity for good joints and good earth connections. 


2. The Commercial Importance t>f Ahnnininm, 

By Professor Ernest Wilson, M.f.E.E. 

During the Inst t«*n years enormous progress has been mad«* in the production 
of aluminium. In IIKK) no less than 5,()00 tons were ])ro(lnced by plants having 
25,000 liorse-power, representing a capital oi 2,000,000/, All aluminium may be 
said to be prodnceil by the electrolytic melli(Kl, which was patented by Hull in 
America and Herault in Kiiglaiid and France in 1880-1887. After giving a short 
retfurn^ of ihe prognvssMit manufacture, and a description of the el»*ctro]ytic cell, 
the author discussed the properties of the metal. From experiments made at 
KingV (’ollege, London, it a]>])ears (hat aluminium ecmtaining *31 per cent. Fe 
and *14 per cent. Si has a specitic n*sistance of 2*70 x 10 '• ohms at lo® C., which 
shows that its conductivity is alxint 01*5 per cent, that of copper, taking 
Matthiessen’s standard. In the form of wire *120 in. diameter the breaking load 
is 12*6 tons iHJr squart' inch, the limit of elasticity 8*05 tons per square inch, and 
percentage extension within the limit of elasticity 'lO, with an applied force of 
7*2 tons per square inch. Some copper and nickel copper alloy.s give 20 tons per 
square inch, 10 tons limit of elasticity, *10 per cent, extension within the limits of 
elasticity under an applied foi*ce of 7*2 tons per square inch, with a conductivity 
62 per cent, of that of co])per. Tin* Standard Electric Company of (California in 
their 43 miles transmission line are stated to use alumiiiinm having 101 tons per 
square inch breaking load, and a conductivity 50*9 per cent, of copjier. 

The weight of a given volume of a metal may govern its financial value. 
Since copper is 3’37 times as heavy as aluminium it follows that, volume for 
volume, aluminium at 130/, per ton is cheapt»r than copper at 70/. iH*r ton. 

For equal conductivity the rtdative Aveights Avould be 1 of copper to ^ of 
aluminium, and the diameter of the aluminium wire would be 1*27 time that of 
the copper. • 

Healing with wind pressiin* the author stated that the total tensile strength 
of an aluminium wire of the same conductivity as copper may be jpreatjer than 
that^ of the copper, and this may compensate for increase in the surface exposed 
to wind, snow, &c. 

A short description of some long-distances transmission lines was given, show- 
ing that aluminium is being installed with success. It was stated that joints 
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whicli Hve iuechanie4il in tlio iibovi* cases can be made with success. It was 
IMiiiited out that aluminium can Im' welded and soldered. 'Die melting niid 
easting, rolling and forging, hardening and annealing, of alnminium'Avere 
dealt with. 

rrobably the widt*st field is still in tin* |uiriticat ion of iron and .sttH*l. At high 
temiHU'atim*s the metal decompos*‘s nearly all metallic oxides, and pn'Veiits blow- 
lioles by combining with the gases which f<»rm the holes. 

Tlie author referrt*d to the use of aliimitilum when alloyed witli cc^per for the 
production of aluminium bronzes. The breaking load varies from 44 to 30 tons 
per square inch in tlie case of alloys containing 8 to 12 jhT c»»nt. aluminium. It 
lias a golden aptiearauce, and is suitable for hydraulic work oii account of its iion- 
corrodible proiwrties. 

3. Recent Obscrmtiomt on Bridget in WeMern China, 

Btf R. Lockiiaut Jack, B,E, 

During IfKX), wliile travelling in the West of Chinn, in Szechiinu and Yunnan, 
I was struck by the variety of (Mdnese bridges, ranging ns they do from ponttxms 
and even large baskets of shingle supporting a teinporiirj’^ decking, to stone and 
iron bridges of large span. 

On the headwaters <»f file Alin, Fou, and Mekong rivt»rs the single rop«^ bridge 
is used, on which the traveller, by the eid of a runner to which ho i.s fastened, 
crosses from one bank to the <ither. 'file ropt* is of plaited bamlK^o, from two to 
tliive inches in diameter, while the nitiner employed is a half cylinder of hard 
woikI ten incln*s long. 

The bnmlxio is also imicli employed forsuspeiwon bridges, a very gwd example 
of Avhicli is to Iw found at ISliili Cliutm. It is c<imposfKl of sixteen hawsers, each 
frt>m 7 to 8 inclie.s in iliameter, tightened by capstans, and is 240 feet long by ten 
wide. The decking, of wicker work, is laid upon fourteen of these hawsers, the 
other two acting a.- guard rails. Tli»* bridges are entirely renetved at interval^ of 
one to three years. 

In other districts suspension bridges are built of wrought iron, chains or bars, 
the decking following the curvature of the chains, which, however, is very slight, 
that of the Yangtse near Likiang lieing less than 20 feet on a span of 320. This 
bridge, the largest single .span we saw, is built up of eighteen chains, the links of 
which Avere 11 inches long of Ijiiich bar iron. Toe chains are anchored to 
castings liedded in tin? musoiiry abutments, and are tightened by drivii^ Avedges 
between the links. This type of bridge i.s said to have been in existence at about 
the beginning of the Christian era, and pos.sibly much earlier. 

Cantilevers and trestle bridges are used where timber is plentiful, the latter 
Ijeiog generally covered Avith a tiled roof and lined at the sides with stalls. The 
timMr Is mostly soft Avrsid, but they last very well owing to the protection 
afforded by the roof. 

The greatest triumphs of the < ’hin»*se, however, are their masonry bridges, 
which are excfH*diiigly numerous In the wealthier districts of Szechuan. * Broadly, 
they are of two kinds: those in Avhich slabs of ston».* are used as girders, and those 
which embody the principle^ of the arch. A gof»d example of the former AA’as Mng 
erected at (liiiing Chow, o<) miles S.W. of (3iengt.u, and consisted of a bridge 
nt»arly 700 long by 16 Avidf*, formed of .stone slabs laid on edge, and carritHl 
on thirty-three tiers, each 40 feet by 4. The whole of the stone used Avas a red 
sandstone cut into blocks. 

Of the arch bridges the largest is at Xing Sbih, also of sandstone, w*here a 
bridge a'oout 600 feet long (including masonry aiiproaches) is carried across a 
tributary of the Yangtse Kiang on three spans of over 100 feet each. 

One-arch bridges with the roadAvay rising to the centre by steps are very 
common over small streams, and bridges of twelve to eighteen arches are occa- 
sionally met Avitb. 

There is reason to believe that the Chinese used such bridges as have been 
described at a A*ery early period, and it Avould be of interest to make a study of 
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their works, and so see if they are built in accordance with some definite rule or 
formula, or Jf they have learned by lonjj experience what is safe for each type 
and each material. 


4. On Kccordintj Houndimjn by Photoyraphy, By 3. Dillon. 


5. On Urn Sl’x.fi. of Wavp.» cbaarved at 
By Vaughan Cornish, J),Sc. 

The Height of IVaves , — The heip^lit of the ocean waves in deep water from 
land has been determined with fairly concordant results by independeiil; observers. 


'ho values recorded are 
raves ; — 

the average of the heights 

Heights in Feet, 

« JL 

of a number of 

successive 


DesboiH ! 

Pari 15 

Wilson-Barker 

Mean 

Hurricane 

28-5-i ; 

25-4.3 

• 28 

27.32 

Strong gale 

. i 20 (54 

1(5 67 

23 

20-07 

Gale . . ‘ . • 

. 15-42 j 

— 

14 

14-71 

Strong breeze , 

10-83 

— 

i 8 

9*415 


These values are only about one-half of the 40 or 60 feet which experienced 
seamen frequently state to bt‘ ‘ the size of the waves ' met with in strong gales in 
the open ocean. The author has observed during gales in the North Atlantic 
that waves of a larger size recurred at short iiibTvals, and that it was these 
which nvethd the attention and which were dangerous. Ho thinks that it is the 
average size of these Su-diiiary maximum ’ waves which is commonly estimated 
by seamtMi as 40 to 60 feet, and he suggt^sts that it is de?irable to record in 
future, not only tin? general average height, but also the height of the ‘ordinary 
maximum^ waves, 'fhis practice would do away w’ith much of the apparent 
discrepancy between tho acc*»uuts of the size of wavi‘s at sea, and w'ould also give 
Sfuue notion of thff sirnultaueeiis tlitfereiices of roughness at dillereiit points, which 
is an important aspect of a sea-way. 

The Length of TJ'hve^s , — 'fho highest -waves in deej> water are recorded during 
storms, but the longt*st are tho swells encountered in a calmer atmosphere. At 
se.i, where the ship rises and falls, and tlu're is no fixed object to provide a datum 
lin**, crests and troughs are judged less by actual elevation than by convexity or 
concavity of the water’s surface. "When the profiles of tw’O waves of nearly etpial 
amplitude but of very different wave-length are combined, the resulting wavy 
line prt'sents a series of inequalities the wave-length of wdiich is fairly regular, 
and equal, on an average, to that of the shorter component. When, how ever, the 
two combining waves, of very dillerent wave-length, are of equal steepfiesjf, the 
combination appears as a series of iiieqiialities wdiicli, although displaying minor 
sinuosities of outline, have unmistakably the wave-length of the longer com- 
ponent. Their average amplitude is also equal to that of the longer component, 
'riiis indicates («) that a swell, even of great amplitude, is not directly measure- 
able in a iitorm ; (A) that a great swell scarcely affects the recorded average height 
and length of the shorter storm-waves, but that it can cause irregularity of the 
kind referred to in tho last section ; and (c) that the appearance of the wnjer may 
change somewhat suddenly from that of an irregular short sea to that of. an 
irregular long swell, the longer component being now what the author terms ‘ the 
dominant wave.* This change of appearance is not, however, accompanied by any 
acceleration of the processes going on in the wave-water. 


3fi 
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2. A Pori€ible Joldinff liavtje-Flndf'r^ Jor 2/if« with Injaniry. 
By O. Fokbks, F/B.S, 


3. Machine ry jor Fuy nixing. By Mark Bauk. 


4. Jit'cenl Dei'clojw)* n(s o/Choln Driving, By C. II. Oakkauu, 

5. Mcasnremcnf 'oJ the Hardness of Materials by 1 ndcntation by a 

/<ted Fphere, By T. A. Heaksox. 


6. On the Critical Point in Rolled iitcel Joists, By E. J. Edwards. 

Id celecfinif rol)e<I sfeW for rtoor.-* there are two elements whicli determine 

the section to lx* u>ed with a ;^iven load per square foot of floor area. 

Firj*t. the fttre.-s per square inch pr(Mjuce<I bv the load. 

.'Second, the deflection produced by the same load. 

At tirs»f . pjirticularly with small spaits, it ir the stres.s per square inch which is 
tile tjovernin^^ element : this .-.tre^s mu'-t not e.xceed sate workiuj^ limits. Aa the 
th>or span i-4 ineivased the detf^x-'tion hi‘Couiea the ruling’ element, the .stress per 
Hjuare i7n*h falliiijr intf> tlie bacKirround. 

Th»* detlfction must h<»t h** .suflieieiit t > c*r.ack the ceiling where tliere Is one, 
nor sulficient tn he un'‘:ghtly wIutc there is none. 

In tie* dia 2 T:im.s ♦•xiiihittMl two eur\es no* .'(hown, one in black and the other in 
red. The f*nn»*r is tiK^<•ur^e .>f }t Veil maximum <tres.H, and show.s the loads a 
steel joist will carry l'*r various spaijji. 'fb*. rod cur\e gives the loads which pro- 
duces a (letltM-tiMU which is a constant given rniction of thi^span, viz., nod- 

Tht; curves cross each other, and the point f»t’ cro.«.sing the author calls the 
critical point. At this point the di*itrihuted load pri»ducps the given stress and 
given <letIectioii. lielore tlie critieal point is reached the loud priKliices the specified 
stre.<s, hut is insnlHcient to produce the limiting deflection ; after the critical point 
is pas.sed the distributed load [iroduct*** the specified detiection, hut. is insufficient 
to prfxluce the specilied .'<tresj4; in other w'ords, tiie limit of deflection is reached 
before the limit of stres.**. ]'i\ani])le>4 are given of various size.s of steel joists with 
the limiting .stres'ses and deflection.s. 

Generali.siiig, up to the critical point the .stress curve is the more important; 
beyond thi.s the dc*f!ection curve is unm; important. The two inipcjrtant parts of 
the curves taken together are callerl the curve of loads, which Ls a curve with a 
kink in it. 

first purt of curve is drawn from the formula W = V the second 

VLa 

321 

part from the formula W* Explanations showing bow the equations a 

arrived at are given in the paper. 

With a factor of safety of 3 and a breaking stress of 32 tons per square inch, 
and a deflection of 3 Jjy span, the critibal point is af a span of twenty-seven times 
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the depth. For this particular deflection it is shown that the factor of safety 
multiplied by 0 gives the critical point. 

If the deflection in percentages of the span are calculated a series of curves of 
dottection can be plotted. At I ton per square iiicli and 1 per cent, of deflection 
the critical point is 576, the depth at 2 per cent, of deflf^ction, the critical point is 
288 times the depth, or 1) x ,‘12. As at J ton per square .inch, 32 is the factor 
of safety. • 

The value^ are labulatiMl and shown graphically by diagrams. 

Ketiirning if) the special object of lb«^ paper, t.b*; .s»flecting of rolled steel joists 
for fireproof floors, the principal step is to deteriiiine the pitch or spacing ajKirt 
of t he joists. 

'rbese pitches are tabulated for various sections of joints for the loads of 
1 cwt. and 1;} cwt. per square foot of floor. A formula is deduced for a loading 

of 1 cwt. i)er square foot: and for any other loading p , where .t* 

is the cwts. of load per square foot, pilch in feet, L = .span in feel, and W- dis- 
tributed load in tons, t ho rolled steel joist will carry safely, 

A linal result is that the pitch varies inversely as the square of the span when 
the stress per square inch is considered, /.e., up to the critical point, and varies 
inversely us the cube of the span when the deflection i? considered or beyond the 
critical point. 

7. On Alternating Air Currents in Churches and Public Buildings, 

By A, W. Thomas, F,LC,, F.C.6\ 

AVheii the temperature of tlie iiir outside is F. or less, the e.vit space for 
foul air ill ii irreat number of churches and public )>iulding.' i.- tno lar^e to keep 
back the extra pre.^sMiro outside, ami cold air enti-r^ iJie t«»p of the building at the 
]>oints of least friction and re<istaiiee the lar^e opiuiing.- generally. In high 
buildings the cold air eurr«'nts, nr down-draugbt.<». are followed by hot and 
oppressive waves of air, after wbieh the air beeonu's motionless and stagnant for 
some secoiubs. 

Some years ago the author (‘X]>erimenTetl in a large public ball, and found that 
these hoi and cold exj»t*rivnoi*s were <lue to alternating air currents in the building. 
Taking the ]K»int <d’ the li*a>t internal ]»ressiire iis the ol^ervathui, it took 

abjut half a minute to reach the point of liighost inttu-iial ]»ressure, and rather less 
than half a minute afterwards to reach tlu* point of lea>t pn‘ssurc again. The 
tirst iivi’ seconds after the least internal pressure wa.s reache(l there was a gradual 
rir*e, followed by double such an interval of inor»* rapid increas * ; then tlteiv were 
a few seconds of lesst'r incr a.'^c, Inllowed hv a lengthened ]>enod, during wliich 
llu‘ pressurc-reconliug instrument remained almost steady. When the reduction 
of iiib'riial pressure began much c«»ld air .still d«*scended, and there were ten or 
more seconds during which tlie reduction was gradual : then, for about half that 
]>erio<l, a very rapid decrease oeeurred, followeil by several st*conds when the 
instrument was steady and almost stationary at the point of least pressure. 

Thfj strangost fuel in the results obtained was that, owing to the elasticity of 
the air, its density (.32° F. outside), and the velocity obtained by falling about 
(>0 feet, the pressure iiicrea>»Hl internally until it acfuafhf v.rcerdod the pressure 
futtsitle for a h*w seconds, then (b'creased and increased alternately. 

Since then ex}n»riments in high chiirche»s and buildings have given similar 
results. All anemometer held iu a narrow oj>ening in a doorway leading to a 
church turned rapidly inwards, indicating an up-current ; then it stopped and 
subsetjueutly reversed, showing that the pressure iu the building wh.s* acting 
outwards. * 

Air inlets to hot-water pipes under the floor of a building are influenced by 
nltemating air currents at their highest pi-essure, and when the perit»d of greatest 
upward movement occurs, such a deluge of cold air passes inwards that the inlets 
hayo to be shut 

Altercating air currents, thereA>rey grf^tly impair the veutilatk>n of buildings. 

3 IS 2 
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Section H.—ANTHROPOLOGY. 

President or the SECiiox -Protcssor D. J. Cunningham, M.D., D.Sc., 
LL.D., D.C.L., F.R.S. 


rUtr^SDAr, SLTTLWBKn 12. 

The President delivered the following Address : — 

Twentt-five years have passed since the British Association met in Glasgow. 
This is a long* time to look back upon, and yet the period appears short when 
measured by the great advance which has taken place in almost all branches of 
knowledge. Anthropology has shared in the gem^ral progres.s. The discoveries 
made within its confines ma}' not have been so startling, nor yet have had such a 
direct influence upon the material welfare of the people, us in the case of other 
fields of scientific study, but its development has been steady and continuous, and 
it has grown inuclrin public estimation. 

At the Glasgow fleeting of the Association in 1876 Anthrojjology held n 
subsidiary |K>.silion. It only ranked as a Department, although it gained a special 
proiuineuce through having Alfred Russel Wallace as its Chairman. It was not 
until several years later that it became one of the recognised Hections of the 
Association, and attained the high dignity of having a h*tter of the alphaljet allotted 
to it. But quite inde|K.mdently of its official status it has always been a branch 
of study wliich has been accorded a large amount of popular favour. The anthropo- 
logical meet iugs have, as a rule, well attended, end the discussions, although 
])eriiaps on certain occasions somewhat discursive, have never lacked vigour or aoima- 
tiou. Profes.-<or Iliixh v, wlio presided over the Ant hropologicol Department at the 
Dublin meeting in 1878, ascrilje<l the popularity of tlie subject to the many apen<- 
ing.s which it aflords for wide diflerence.s t»f opinion Ijetw'een the exponents of its 
numerous branches ami to the innate bellicose tendency of man. As the repre- 
sentative of a country in w'hich, according to the same high authority, this tendency 
is less strongly marked than elsewhere, and of a race wJiicii has so frequently and 
pointedly exhibited its abhorrence of vigorous language, I trust that my presence 
here a.s President may not react unfavourably on the interest shown in the work of 
the Section. 

The present occasion might appear to bo peculiarly appropriate for my taking 
.stock of our anthropological po.ssesMons and summing up tlie numerous additions to 
our knowledge of ^ man and bis doings' which have been made during the century 

• w'hich lias ju.st passed. Such a task, however, is surrounded with so much difii- 
culty iHat I shrink from undertaking it. 'Die scope of the subject is enormous, 
and the studies involved so diverse and so varied that I feel that it is beyond my 
power to give any comprehensive survey of its development in all its parts. I prefer 

^ Therefoie to confine my remarks to that province of Anthropology within which 

* my own work has been chiefly carried on, and from this to select a subject which 
has for some years held a prominent place in my thoughts. I refer to the humeti 
brain and the part which it has played iu the evolution of man. 
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One of the most striking peculiarities of man when regarded from the structural 
point of \ieji^ is the relatively great size of his brain. Although with one or two 
exceptions the several parts of the brain arc all more or less involved in this 
special development, it is the cerebral hemispheres which exhibit the pre- 
ponderance in the highest degree. This characteristic of the human brain is 
rendered all the more significant when we consider that the cerebral hemispheres 
cannot be looked ifpon as being primitive parts of the brain. In its earliest con- 
dition the brain is composed of three simple primary vesicles, and the cerebral 
hemispheres appear in a secondary manner in the shape of n pair of lateral offshoots 
or buds which grow out from the foremost of these primitive brain-vesicles. 

The offshoots which form the cerebral hemispheres are found in all vertebrates. 
Insignificant in size and insignificant in functional value in the more lowly forms, 
a steady increase in their proportions is manifest as we ascend the scale, until the 
imposing dimensions, the complex structure, and the marvellous functional 
potentialities of the human cerebral hemispheres ai'e attained. In their develop- 
ment the cerebral hemispheres of man rapidly outstrip all the other parts of the 
brain until they ultimately usurp to themselves by far the greater part of the 
cranial cavity. To the predominant growth of the cerebral hemispheres is due the 
lofty cranial vault of the human skull ; to the different degrees of development 
and to the dilferent forms which they assume are largely due the variations in 
cranial outline in different individuals and different races— -variations in the deter- 
mination of which the Craniologist has laboured so assiduously and patiently. 

I think that it must be* manifest to everyone that the work of the Craniologist, 
if it is to attain its full degree of usefulness, must be founded upon a proper recog- 
nition of the relation which exists between the cranium and the brain, or, in other 
words, between the envelope and its contents. 

The cranium expands according to the demands made upon it by the growing 
brain. The initiative lies with the brain, and in normal conditions it is questionable 
if the envelope exercises more than n very subsidiary and limited iunuence upon 
the form assumed by the conteuts. The directions of growth are clearly defined 
by the sutural lines by which the cranial bones are knit together ; but these are so 
arranged that they admit of the expansion of the cranial box in length, in breadth, 
and in height, and the freedom of growth in each of these different directions has 
in all probability been eriginally determined by the requirements of the several 
parts of the brain. 

The base or floor of the cranium, supporting as it does the brain-stem or the 
parts which possess the greatest phjlogeiietic antiquity, and which have not iindei^ 
gone so lar^ a degree of modification in human evolution, presents a greater 
uniformity of type and a greater constancy of form in different individuals and 
different races than the cranial vault which covers the more highly specialised and 
more variable cerebral hemispheres. 

To wbat extent and in wbat directions modifications in the form of the cranium 
may be the outcome of restrictions placed on the growth of the brain it is diificult 
to say. But, broadly speaking, 1 think we may conclude that the infiuence which 
the cranium, under normal circumstances, independently exerts in determining the 
various head-forms is trifling. 

When we speak therefore of bracbycepbalic or short heads, and dolichocephalic 
or long beads, we are merely using terms to indicate conditions which result from 
individual or racial peculiarities of cerebral growth. 

The brachycephalic brain is not moulded into form by the bracbycepbalic 
skull ; the shape of both is the result of the same hereditary influence, and in their 
growth they exhibit the most perfect harmony with each other. • 

Craniolo^ has been called the * spoiled child of Anthropology.' It is suppe^d 
that it has absorbed more attention than it deserves, and has been cultivated with 
more than its share of care, while other fields of Anthropology capable of yicldin^rich 
harvests have been allowed to remain fallow. This criticism conveys a very partial 
truth. The cranium, as wo have seen, is the outward expression of the contained * 
bridn. and the brain is the most characteristic organ of man ; cranial peculiarities 
therefore must always and should always claim a leading place in the mind of th^ 
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^ (dogist ; and this is all the more imperatiTe seeing that brains of dtibrent 
races an seldom arailaUe for intestigation, whilst skulls in the different musenins 
may litenliy be cotinted by thonmknda. 

Meantime, however, tlie Craniologist lies btirled beneath a mighty mountain 
of figures, many of which have little morphological value and possess no tnw 
impe^nee in distinguishing the finer difiereiices of racial fon^s. Let us take as 
an example the figures upon whicli thecephaMe orlength-breadtji index of the skull 
is based. The measurement of the long diameter of the cranium doeA not give the 
true length of the cranial cavity. It includes, in, addition, the diameter of an 
air-chamber of very variable dimensions which is placed in fi*ont. The measurement 
combines in itself tlierefore two factors of very different imj^rt, and the result is 
thereby vitiated to a greater or less extent in different skulls. A recent memoir 
by Schwalbe * affor<l.s instructive reading on tliis matter. One case in point 
may be given. Measured in the usual way, the Neanderthal skull is placed in the 
dolichocephalic class ; whereas Schwalbe has shown that if the brain-case alone be 
considered it is found to be on the verge of brachycephaly. Huxley, many years 
ago, remarked that * until it shall Ixx^ome an opprobrium to an ethnological collee- 
tion to possess a single skull which is not bisected longitudinally * in order that 
the true proportions of its diflereiit parts may be proj)erly determined we shall 
have no ^safe basis for that ethnological craniologv which aspires to give the 
anatomical characters of the crania of tlie different races of mankind.* It appears 
to me that the truth of this observation can hartlly be disputed, and yet this 
method of investigation has Iwen adopted by very few Craniologiets. 

It has become too much the habit to measure and compare crania as if they 
were separate and distinct entities and without a due consideration of the evolu- 
tionary changes througli which both the brain and its bony envelope have passed. 
Up to the present little or no effort has been made to contrast those parts of the 
cranial wall or cavity which have been specially modified by the cerebral growth- 
changes which are peculiar to man. It may be assumed that these changes have 
not taken place to an equal extent, or inde^ followed identically the same lines 
in all races. 

I'nfortunately our present knowledge of cerebral growth end the value to be 
attached to its various manifestations is not so complete as to enable us to follow 
out to the full extent investigations planned on th(*se liheA., But the areas of cere- 
bral cortex to which man owes his intellectual superiority are now roughly mapped 
out, and the time has come when the effect produced upon the cranial form by the 
marked extension of these areas in the human brain should be noted and the skulls 
of different races contrasted from this point of view. 

To some this may seem a return to the old doctrine of Phrenology, and to a 
certain extent it is ; but it would bo a Phrenology based upon an entirely new 
foundation and elaborated out of entirely new material. 

It is to certain of the growth changes in the cerebrum which I believe to be 
gpecially characteristic of man, and which unquestionably have had some influence 
in determining head-forms, that I wish particularly to refer in this Address. 

The surface of the human corehrum is thrown into a series of tortuous folds or 
convolutions separated by slits or fissures, and both combine to give it an appear- 
ance of great complexity. These convolutions were long considered to present 
no definite arrangement, but to be thrown together in the same meaningless 
disorder as is exhibited in a dish of macaroni. During the latter half, or rather 
more, of the century which has just ended it has, however, been shown by the 
many eminent men who have given their attention to this subject that the pattern 
* which is assumed by the convolutions, while showing many subsidiary differences, 
not, only in diiierent races anddiffenmt individuals, but also in the two hemispheres 
of the same person, is yet arranged on a consistent and uniform plan in every 
human brain, and that any decided deviation from this plan results in an imperfect 
. carrying out of the cerebral function. In unravelling the intricacies of the numan 

‘ SUidien uher IHtheeanthropm erectm (Dubois). /. Morph, md 
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eonvolutlonary |>atteni it was very early fmind that the simple cerebral surface of 
the ape's brain in many coses anbrded the key to the solution of the problem. 
More reoenfiy the close study of the manner in which the convolutions assume 
shape during their growth and development has yielded eridenoe of u still iiior«^ 
)giluable kind. We now know that the primate cerebrum is not only distinguished 
from that of all lower mammals by the possession of a distinct occipital lobe, but 
also by having iin^inted on its surface a con voliit ionary design, which in all btrt 
a few liindAiijiental <letiiils is diflerent from that of any other order of mammals. 

There are few matters of more intereit to those anthropologists wlio make a 
study of the human skull thad the relationship which exists between the cranium 
and the brain during the period of acliv’e growth of both. Up to the time imme- 
diately prior to the pushing out of the occipital lobe, or, in other words, the period 
in cerebral development which is marked by the transition from the quadrupedal 
type to the primate type of cerebrum, tlie cranial w^all fits like a tight glove on the 
surface of the enclosed cerebrum. At this stage there would appear to be a growth 
antagonism between the brain and the cranial envelope which surrounds it. The 
cranium, it would seem, refuses to expand with a speed sufficient to meet the 
demands made upon it for the accommodation of the growing bmin. In making 
chis statement It is right to add that llochstetter, in a carefully reasoned memoir, 
has recently cast doubt upon the reality of the appearances which have led to this 
conclusion, and at the recent meeting of the Anatomische Gesellschaft, in Bonn, 
Professor Giistaf Rotzius/ one of the numerous observers responsible for the 
description of the early cerebrum upon which the conclusion is based, showed 
some inclination to waver in liis allegiance to the old doctrine. This is not the 
time nor the place to enter upon a discusmon of so technical a kind, but 1 may 
be allowed to say that whilst I fully recognise the necessity for further and more 
extensive investigation into this matter I do not think that llochstetter has satis- 
factorily accounted for all the circumstances of the case. 

When the occipital lobe assumes shape the relationship of the cranial wall to 
the enclosed cerebrum undergoes a complete change. The cranium expands so 
rapidly that very soon a wide interval is left between the surface of the cerebrum 
and the Jeep aspect of the cranial envelope within which it lies. This space is 
occupied by a soft, sodden, spongy mesbwork, termed the subarachnoid tissue, and 
it is into the yielding aiid,pliable bed thus prepared that the convolutions grow. 
At first the. surface oft he cerebral hemisphero is smooth, but soon particular areas 
of the cortex begin to bulge out and foreshadow the future convolutions. These 
suffer no growth restriction, aud they assume the form of round or dongated 
elevations or eminences which rise above the general surface level of the cerebral 
hemisphere and break up its uniform contour lines in the same manner that moun- 




As growth goes on, aud as the brain gradually assumes a bulk more nearly in 
accord with the cavity of the craniuni, the space for surface protrusions of this 
kind becomes more limited. The gyral elevations are now pressed together ; they 
become flattened along their summits, and in course of time they acquire the 
ordinary eonvolutlonary shapes. AA^iile this is going on the valleys or internals 
between the primitive surface elevations become narrowed, and ultimately assume 
the linear slit-like form characteristic of the fissures. These changes occur shortly 
before Inrth, but are not fully completed until after the first few months of infancy^ 
The final result of this process is that the convolutions come into intimate relation 
with the deep aspect of the cranial wall and stamp their imprint upon it. 

It is obvious that certain of the later changes which t liave endeavoured to 
portray^ might be ascribed to a growth antagonism bt^tweeu the brain and the 
enclosing cranium at this ^rioa. In reality, however, it is merely a process hf 
which the one is brought into closer adaptation to the other — a using up, as it were, 
of superfluous space and a closer packing together of the convolutions — after the 
period of active cortical growth is past. Nevertheless the convolutionary^pattern 
IS profoundly afiected by it, and it seems likely that in this process we find the 

' Anatomische Gesellschaft, Bonn, May 28, 1801. Gustaf Retzins, Traimf&rUehe 
Furchen den Grannhirnn, 
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explanation of t ho different directions t alien by the oen»bml furrows in brachy- 
cepbabc and dolichocephalic heads. 

The cortical elevations which rise on the surface of the early cerebhim are due 
to exuberant growtli in localised areas. There cannot be a doubt that the process 
is intimately connected with the development of function in the districts concerned. 
We know that functions of diflerent kinds are localised in different parts of the 
cortex, and when we see an area on the surface of the early cerebrum rise up in 
the form of an eminence we may reasonably conclude that the growt|;i in the area 
concerned is the structural foundation of what will become later on a centre of 
functional activity of an acute kind. 

A consideration of this matter gives the clue to the simple convolutions of the 
ape and the complex convolutions of man, and, further, it explains how the inter* 
rupted form of tissural development is one of the essential characteristics of the 
human brain as compared with the simian bi^ain. Areas which rise up in the 
form of one long elevation on the surface of the ape's brain appear in the form of 
several eminences on the surface of the human brain, and tisaures which appear 
in the form of long continuous slits in the simian cerebrum appear in the human 
cerebrum in several detached bits, which may or may not in the course of time 
run into each other and become confluent. All this is due to the greater definition, 
refinement, and perfection of the functions carried on in the cerebral corteat 
man. It is an index of a more complete * physiological division of labour ’ ill' tiie 
human brain. 

It is not necessary, for the purpose I have in view, to enter into any detail 
regarding the many points of diflerence which bi*come evident when the cerebral 
surface of the ape is compared with that of man. It is more my purpose to indi* 
cate certain of the districts of cerebral cortex which have undergone a marked 
increase in the human brain — an increase which may be reasonably supposed to 
be associated with the high mental attributes of man. To us, at the present time, 
it is diflicult to conceive how it was ever possible to doubt that the occipital lobe 
is a distinctive character of the simian brain as well as of the human brain, and 
yet at successive meetings of this Association (18(10, 1801, and 1862) a discussion, 
which was probably one of the most heated in the whole course of its history, took 
place on this very ])oint. One of our greatest authorities on animal structure 
maintained that the occipital lobe and the hippocampus^ mjnor — an elevation in its 
interior — were both peculiar to man and to him alone. * Everyone has read in the 
‘ Water Babies ’ Charles Kingsiey’s delightful account of tliis discussion. Speaking 
of the Proff?ssor he says; ‘He lield very strange theories about a good many 
things. He bad even got up at the British Association and declared that apes 
had hippopotamus majors in their brains just as men have. What a shocking 
thing to say ; for if it were so, what would liecome of the faith, hope, and charity 
of immortal millions.^ You may think that there are other more important 
diflerences between you and an ape, such as being able to speak, and make 
machines, and know riglit from wrong, and say your prayers, and other little 
matters of that kind ; but that is a child’s fancy.’ In the light of our present 
knowledge we can fully understand Professor liuxley closing the discussion by 
stating that the question had ‘ become one of personal veracity.’ Indeed, the 
occipital lobe, so far from being absent, is developed in the ape to a relatively 
greater extent than in man, and this constitutes one of the leading positive dis* 
linctive characters of the simian cerebrum. Measured along the mesial 'border, 
the percentage length of the occipital lobe to the total leng& of the cerebrum in 
the babooq, oning, and man is as follows; — 

Baboon 29*7 

* Orang 23*2 

• Han ........ 21-2 

Dub these iigum do not convey the full extent of the predominance of 
the occipital lol^ in the ape. The anterior border of the lobe grows forwards 
beyond its proper limits, and poshes its way over the parietal lobe which lies in 
front, so as to cover over a portion of it by an overlapping lip. termed the oocifdtal 
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operculum. There is not a trace of such an arrangement in the human brain, and 
even in the anthropoid ape the operculum has b^ome greatly reduced. Indeed, 
in man thefe is exactly the reverse condition. The great size of the parietal lobe 
is a leading human character, and it has partly gained its predominance by pushing 
backwards so as to encroach, to some extent, upon the territory which formerly 
nelonged to the occipital lobe.* A great authority'^ on the cerebral surface 
refers to this as % struggle between the two lobes for surface extension of 
their respec^ve domains. * In the lower apes,* he says, * the occipital lobe proves 
the victor: it bulges over the parietal lobe as far as the first annectant gyrus. 
Already, in the orang, the occipital operculum has suffered a great reduction ; and 
in man the victory is on the siao of the parietal lobe wliich presses on the occipital 
lobs and begins, on its part, to overlap it.* Now that so much information is 
available in regard to the localisation of function in the cerebral cortex, and 
Fleclisig has stimulated our curiosity in regard to his gieat ‘ association areas * in 
which the higher intellectual powers of man are believed to reside, it is interesting 
to speculate upo|i the causes which have led to the pushing back of the scientific 
frontier between the occipital and parietal cerebral districts. 

The parietal lobe is divided into an upper and a lower part by a fissure, which 
takes an oblique course across it. Rudinger,'* who studied the position and inclina- 
tion of this fissure, came to the conclusion that it presents easily determined 
differences in accordance wnth sex, race, and the intellectual capacity of the indi- 
vidual. He had the opportunity of studying the brains of quite a number of 
distinguished men, amongst whom were liischoff of Bonn, Dollinger of Munich, 
Tiedemnnn of Heidelberg, and Liebig of Munich, and he asserts &at the higher 
the mental endowment of an individual the greater is the relative extent of the 
upper part of the parietal lobe. 

There is absolutely no foundation for this sweeping assertion. “When the 
evolutionary development of the parietal part of the cerebral cortex is studied 
exactly the reverse condition becomes manifest. It is the lower part of the 
parietal lobe which in man, both in its early development and in its after growth, 
exhibits the greatest relative increase. Additional interest is attached to this 
observation by the fact that recently several independent observers have fixed upon 
this region as one in which they believe that a marked exuberance of cortical 
growth may be noted in people of undoubted genius. Thus lietzius has stated 
that such was the case in the brains of the astronomer Hugo Gylden,'* and the 
mathematician Sophie Kovalevsky ; Hansemann ^ has described a similar condi- 
tion in the brain of Helmholtz ; and Guszraan ^ in the brain of Rudolph Lenz, the 
musician. Some force is likewise added to this view by Fleclisig, who, in a recent 
paper,** has called attention to the fact that within this district there arc located 
two of Lis so-called * Termiiialgebiete,* or cortical areas, which attain their func- 
tional powers at a later period than those which lie around them, and w hich ma}^ 
therefore be supposed to have specially high work to perform. 

Without in any way desiring to throw doubt upon the observations of these 
authorities, I think that at the present moment it would be rash to accept, without 

* It is necessary to emphasise this point, because in Wiedersheim’s Structffre of 
Man we are told that in man there is a preponderance of the occipital lobe, and that 
the parietal lobe Is equally developed in man and anthropoids. 

® Eberstaller, Wiener JiledizinUchv JilUtter^ 1884, No. 10, p. 581. 

■ lieitrdge znr Anatomie nnd Emhryolotjie^ als Festgabo Jacob Henle, 1882. 

^ Retzlus, Jiioloffische Untermchungen^ neue Folge, viii. 1898, ‘Das Gehirn des 
Astronomen Hugo Gylddns.’ 

» Retzlus, JBiologi$ehe Untersuchungm^ neue Folge, ix. 1900, -Das Gejiim der* 
Matbematlkerin Sonja Kovalevsky.’ • 

* Hansemann, J£eitsehr\ft fur Psyehohgie nnd Physiologte der Sinnesorgane, 
Band tx. Heft 1, 1899, * Ueber das Gebim von Hermann v. Helmholtz.* . 

’ Josef Gnszman, AnatomUeher Anseiger^ Band xix. Nos. 9 and 10, April 1901, ^ 
* Beltrfige sar Morphologie der Gehirnoberflache.’ 

* Fleohsig, * None Untersuchungen fiber die Markbildung in den menschlichen 
Orossblrniap{)«D,* MenrologUehci CentraXhlatt, No. 21, 1898. 
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further evideneOf conclusions which have been drawn from the examination of 
the few brains of eminent men that have been described. There cannot, be a doulbt 
that the region in question is one which has extended greatly in the human brain, 
but the association of high intellect with a special development of the region is a 
matter on which I must confess I ara at present somewhat sceptical. 

But it is not only in ii backward direction that the parieta) lobe in man has 
extended its territory. It has likewise increased in a downward direction. There 
are few points niort? striking than this in the evolution of tho cerebral cortex of 
man. In order that I may bo able to make clear the manner in which this increase 
has been brought about, it will be necessary for mo to enter into some detail in 
connection with the development of a region of cerebral surface termed the tnguiar 
diittncf. The back part of the frontal lobe is also involved in this downward 
extension of surface area, and, such being the case, it may bo as well to state that 
the boundary which lias been fixed upon as driving the line of separation betureen 
the parietal and frontal districts is purely arti/icial and arbitrary. It is a demar- 
cation which has no morphological significance, whilst from a physiological point 
of view it is distinctly misleading. 

The insular district in the iietal brain is a depressed area of an elongated 
triangular form. Tlie general surface of the cerebrum occupies, all round about it, 
a more elevated plane, and thus the insula comes to be bounded by distinct walls, 
like tlie sides of a shallow pit dug out in the ground. The upper wall is formed 
by the lower margins of the frontal and parietal lobes, the lower wall by the 
^per margin of the tem])oral lobe, and the front wall by the frontal lobe. 
From each of these bounding walls a separate portion of cerebral cortex 
grows, and these gradually creep over the surface of the insula so as to overlap 
it, and eventually completely cover it over and exclude it from the surface, 
in tlie same way that the lips overlap the teeth and prums. That which grows 
from above is called \\\s.\frontO‘imriptnt opi^rcvbtm, while that wliich grows from 
lielow is termed tho tempontl oprrrttbim. These ap])ear very early, and are 
responsible for closing over more than the hinder three>tourths of the insula. The 
lower or temporal operculum is in tlio first instance more rapid in its growth than 
the upper or fronto-parietal op(Tculum, and thus it comes a^ut that when their 
margins meet more of the insula is covered by the former than by the latter. So 
far the development is apparently precisely similar to what occurs in the ape. 
The slit or hssure formed by the approximation of the margins of these two 
opt>rcula is calh^l the Sylvian fissure, and it constitutes a natural lower boundary 
for the parietal and frontal lobes which lie above it. At first, from the more 
energetic growth of the lower temporal operculum, this fissure slants very 
obliquely upwards and backw'ards, and is ver^' similar in direction to the corre- 
sponding fissure in the brain of the ape. But in tho human brain this condition 
is only temporary. Now begins that downward movement of tho parietal lobe 
and hack part of the frontal lobe to which reference has been made. The upper or 
fronto-parietal operculum, in the Interstages of Antal life and the earlier months of 
infancy, enters into a growth antagonism with the lower or temporal operculum, 
and in this it proves the victor. The margins of tho two opercula are tightly 
pressed together, and, slowly but surely, the fronto-parietal operculum gains 
ground, pressing dow n the teiii|K)TOl operculum, and thus extending the territory 
of the frontal and parietal di.^tricts. lids is a striking process in the brain 
development of man, and it results in a depression of the Sylvian fisaura or the 
lower frontier tine of the frontal and parietal lula^. Further, to judge from the 
oblique direction of lhf3 Sylvian fi.vsiire in the brain of the ape, the process is 
fieculiarto man ; in the simian brain there is no corresponding increase in the area 
of peretral cortex iin-ier consideration. 

I do not think that it is diflicult to account for this important expanaioii of the 
cerebral surface. In the fore part of the rf^gion involved ore placed the gtouipa of 
motor centres which control the muscular movements of the mofo important parts 
/>f the body. These occupy a broad strip <ff the suiface which stretches across the 
whole depth of the district- concerned. Within this are the centres for the arm 
aiitl hand, for the face, the mouth qnd tlie throat, and likewise, to some extent, 
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ikfi centfe for speech. In man certain of these have undoubtedly undergone 
marlmd expansion. The skilled movements of the hands, os shown in the use of 
tools, in writing, and so on, have not been acquired without an increase in the 
brain mechanism by which these are guided. So important, indeed, is the part 
tplayed by the human hand as an agent of the mind, and so perfectly is it adjusted 
with reference to |hi8 office, that tliere are many who think tliat the first great 
start which man obtained on the path which h.aB led to his higher developmenc 
was given the setting of the upper limb free from the duty of acting as an 
organ of support and locomotion. It is an old saying Mhat man is the wisest of 
animals because of his hands.’ Without endorsing to its full extent this view, I 
think that it cannot be a matter for surprise tbut the district of the cerebral 
cortex in man in which the arm-centres n^sule shows a manifest increase in its extent. 

In the same region of cerebral cortex, bat at a low'er level, there are also situated 
the centres which are n?spoii8ible for facial expression. In the ape thei-e is a con- 
siderable degree of facial play ; but this is chietly confined to the region of the 
lips ; and the muscles of the face, although present in greater mass, show com- 
jiarattvel}’' little of the differentiation which is characteristic of the lighter and 
more feeble muscles in tiie face of man. And then as to the effect produced : These 
liiinian muscles are capable of reflecting every fleeting emotion, every change of 
mind, and by the lines and furrows their constant use indelibly fix on the counte- 
nance the character and disposition of an individual can to some extent be read. 
As the power of communication bt^tween primitive men became gradually esta- 
blished, facial movements were no doubt largely used, not only for the purpose of 
giving expression to simple emotions, such as anger or joy, but also for giving point 
and force to the faltering speech of our early progenitors by reflecting other con- 
ditions of mind. The acquisition of this power as well as the higher and more 
varied powers of vocalisation must necessarily have heon accompanied by an 
increase of cerebral cortex in the rc^gioii under consideration. And in this connec- 
tion it is a point well wnrtliy of note that the area of cortex mapped out jn the 
human bruin * as controlling the muscles of the face, mouth, and throat is as large, 
if not larger than that allotted to tlfe arm and hand,' and yet it is questionable if 
all the muscles under the sway of the former would weigh as much as one of the 
larger muscles (say the trict^ps) of the arm. 1'liis is sutffeient to show that it is 
not muscle power which *determines the extent of the motor areas in the cerebral 
cortex. It is the degree of refinement in the movements required, as well as the 
degree of variety in muscle combinations, which apparently determines the amount 
of ground covered by a motor centre. 

Still, the increase in the amount of cerebral cortex in man due to the greater 
refinement of movement acquired by different groups of muscles is relatively 
small in comparison with the increase which has occurred in other regions from 
which no motor fibres are sent out, and which therefore have no direct connec* 
tion with muscles. 

The remarkable conclusions arrived at by Fleclisig, although not confirmed 
and accepted in all their details, have tended gveatly to clear up much that was 
obscure In the relations of the different districts of cerebral cortex. More particu- 
larly has he been able to apportion out more accurately the different values to be 
attached to the several areas of the cerebral surtVice. He has shown that fully two 
thirds of the cortex in the human brain constitute wbat he terms ‘association 
centres.' Within th<‘se the higher intellectual manifestations of the brain .have 
tliMr origin, and judgment and memory have their seat» They are therefore to 
be regarded as the psychic centres of the cerebral corte.\. 

* See diagram in Schafer's article on the * Cerebral Cortex ’ in his recent work on 

physiology. • 

* The comparison only refers to surface area, and this is not an absolutely true 
criterion of the relative amount of cortex in each region. The arm-centre hatf alarge 
amount of cortex stowed away w’ithin the fissure of Rolando in the shape of interr 
looking gyri which is not taken into account in a measurement confined to the super- 
ficial surface area. Still, this docs not to any great degree detract from the argu 
pdont ^v'hi^h follows, seeing that the discrepancy is still sufficiently marked. 
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Now, it requires a very slight acquaintance with the cerebral surface to perceive 
that the great and leading peculiarity of the human brain is the wide extent of 
these higher association centres of Flcchsig. Except in connection with new 
faculties, such as speech, there has been relatively no striking increase in the extent 
of the motor areas in man ns compared with the cortex of the ape or the idiot, but 
the expansion of the association areas is enormous and the incri^e in the frontal 
region and the back part of the parietal region is particularly well marked. It is 
this parietal extension of surface which is chiefly responsible for the pushing down 
of the lower frontier of the parietal lobe and the consequent enlargement of its 
territory. 

I have already referred to the views which have been recently urged by several 
independent observers, that in the men who have been distinguished during life 
by the possession of exceptional intellectual power, this region has shown a very 
special development. 

It is a curious circumstance, and ont? ^Yhich is worthy of consideration, that in 
the left cerebral hemisphere the Sylvian fissure or the lower boundary of the 
parietal lobe is more depressed than in the right hemisphere, and, as a result of 
this, the surface area occupied by the parietal lo))e is greater on the left side of the 
brain than on the right side. To the physiologist it is a matter of every-day 
knowledge that the left cerebral hemisphere shows in certain directions a marked 
functional pre-eminence. Through it the movements of the right arm and right 
side of the body are controlled and regulated. Within it is situated also the active 
speech centre. This does not imply that there is no speech centre on the right 
side, but simply that the left cerebral hemisphere has usurped the chief, if not the 
entire, control of this all-important function, and that from it are sent out the chief 
part, if not the wJiole, of the motor incitations which give rise to speech. The 
significance attached lo the doiniiiant power of the left hemisphere receives force 
from the now well established fact that in left-handed individuals the speech func- 
tion. is also transfen^ed over to the right side of the brain. To account for this 
functional pre-eminence of the left cerebral hemisphere numerous theories have 
lioen elaborated. The interest attached to the subject is very considerable, but it 
is impossible on the present occhsioii to do more than indicate in tlie briefest 
manner the three views which have apparently had the widest inilucnce in shaping 
opinion on this question. They are: (i) that the superiority of the left cerebnu 
hemisphere is due to its greater weight and hulk ; (I:?) that it may be accounted for 
by the greater complexity of the convolution.^ on the left brain and the fact that 
these make their appearance earlier on the left side than on the right side; (3) that 
the explanation lies in the fact that the left side of the brain enjoys greater 
advantages in regard to its blood supply than the right side. 

Not one of these theories when closely looked into is found to possess the 
smallest degree of value. Jlraune has shown in* the most conclusive manner that 
if there is any difference in weight between the two hemispheres it is a difference 
in favour of the right and not of the left hemispbcTe ; and I may add from my own 
observations that thi.s is evident at all periods of growth and development. 
Equally untrustworthy are the views that have been put forward as to the superiority 
of the left hemisphere from the point of view of convoliitionary development. I 
am aware that it h stated that in two or three cases where the brains of left- 
handcHl people have been examined this superiority was evident on the right 
hemisphere. This may have been sn; I can only speak for the larg« percentage 
of those w'bo are right-hanchni ; and 1 have never been able to satisfy myself that 
either in the growing or fully devtrloped brain is there any constant or marked 
^superiority in this respect of the one side over the other ; and 1 can corroborate 
T^ker ^ ih his statement that there is no proof that the convolutions appear earlier 
on the one side than the other. The theory that an explanation is to be found in 
a morq generous blood supply to the left hemisphere is more difficult to combat, 

’ *Das Gowicbtsverhaltniss derrechten zar linken Himbulfto beim Monsebon/' 
Arekivfnr Anat 

* Archivftir Antfirajfoloffie, 1868, Bd. cxi. 



TRANSACtlOKS OF SECTION H. 


785 


l)ecause the amount of blood received by each side of the brain depends upon two 
factors, the physical conditions under which the blood-stream is delivered to 
the two hemispheres and the calibre of the arteries or tubes of supply. Both of 
these conditions have been stated to be favourable to the left hemisphere. It is 
matter of common anatomical knowledge that the supply pipes to the two sides 
of the brain are laid down somewhat diderently, and tiiat the angles of junction^ 
&c., with the maid pipe are not quite the same. Further, it is true that the blood- 
drains which lead away the blood from the brain are somewhat different on the 
two sides. Whether this would entail any marktMl difference in^he blood-pressure 
on the two sides I am not prepared to say. This could only be proved e.\peri- 
mentally ; but, taking all the conditions into consideration, 1 am not inclined to 
attach much importance to the argument. It is easy to deal with the loose state- 
ments which have been made in regard to the size of leading supply pipe (viz., the 
internal carotid artery). It passes through a bony canal in the floor of the cranium 
on its way into the interior of the cranial box. Its size can therefore be accurately 
gauged by measuring the sectional area of this lx>nv tunnel on each side. This I 
nave done in twenty-three skulls chosen at raudom, and the result shows that 
considerable differences in this respect are to be found in ditiereut skulls. These 
discrepancies, however, are sometimes in favour of the one side and at other times in 
favour of the other side; and when the combined sectional area for all the skulls 
examined was calculated it Avas, curiously enough, found to be o&3i- sq. mm. 
for the left side and 583 sq. mm. tor the right side. 

Leaving out of count the asymmetry in the arrangement of the coniolutions 
in the two hemispheres, which cannot ov any amouut of ingenuity be twisted into 
such a form as to give a structural superiority to one side more than the other, the 
only marked difference which appars to pssess any degreij of constancy is the 
increase in the territory of the felt parietal lobe produced by the more marked 
depression of its lower frontier line (Sylvian tissiire). That this is in any wav 
associated with right-handedness or with the localisation of the active speech 
centre in the left hemisphere 1 am not prepared to urge, because the same con- 
dition is present in the ape. It is true that some authorities ^ hold that the ape is 
riglit-handed as Avell as man, but in the gardens of the Iloyal Zoological Society 
of Ireland I have had a long and intimate expricnce of lx>th anthropoid and lower 
aps, and I have never* been able to myself that tliey show any decided 

preference for the use of ont^ arm more than the otlier. 

That diflerences do exist in the more intimate structural details of the two 
hemispheres, which give to the left its functional superiority, there cannot be a 
doubt; but tlu'se have still to be discovered. Basliaii has stated that the grey 
cortex on the left side has a higlier specilie gravutv, but this statement has not as 
yet rcceived corroboration at the hands of other observers. 

I have already mentioned that man's spiHjial c?ndowmeiit, the faculty of speech, 
is A'Ssociated with striking changes in that part of the cerebral surface in which the 
motor centre for articulate specii is located. It is questionable whether the acquisi- 
tion of any other system of a^ociated muscular movements has been accompnied 
by a more evident cortical change. The centre in question is placed in the lower 
and back part of the frontal lobe. We hav e seen that the insular district is covered 
over in the hinder three fourths of its extent by tbe fronto-parietal and temporal 
oprcula, and thus submerged below the surface and hidden from view. The 
brain oi tbe ape and also of the microcephalic idiot Avith defective speech goes no 
further in its development. The front part of the insular district remains uncovered 
and exposed to view on the surface of the cerebrum. In man, however, two addi- 
tional opercula grow out and ultimately cover over the fore part of the insula.. 
These opercula belong to the lower and back part of the feoutal lobe, and to be 
looked upon as being more or less directly called into evidence in connection tvith 
the acquisition of articulate speech. 

Tbe active speech centre is placed in the left cerebral hemisphere. We* speak 

^ Ogle, * On Dextral Pre-eo\ioenco,* TraM. ^fed, Chitwg. Soc., 1871 ; Aimd P^e, 
£$9 ^Hrhur€9 latdraUs narniale^ au rachU humain» Toulouse, 1900. 



78U 


BEPORT— IWl. 


from the left side of the brain, and yet when the corres|K>nd}ng region > on tlie right 
side is examined it is foiuid to go through the same developnieintal steps. 

The stimulus whk*h must have l)oeu given to general cerebral groWth in the 
association amis by the gradual at'quisitioii of sjieech can hardly be exaggerated. 

l>uring the whole Ci>urs6 of his evolution there is no iHtssession which man 
has contrived to acquire which has exercised a stronger influence on his higher 
development than the power of articulate speech. This priceless gift, * the most 
human manifestation of humanity ' — (Huxley) — was not obtained through the exer- 
tions of any tme individual or grtmp of individuals. It is the result of a slow 
process of natural growth, ami there is no race, u5 mutter how low, savage, or 
uncultured, w hich does not possess the pc»wer of communicating its ideas by means 
of speech. * If in the present state of the world/ says Chariua, * some philosopher 
were to wondf^r how man ever Wgan to build those houses, palaces, and vessels 
which we see around us, we should answer that these were not the things that 
man began with. The savage who tirst tied the brandies of shrubs to make him- 
self a shelter was not an arcliitoct, and he who hrsi floated on the trunk of a tree 
w as not the creator of navigation.' And so it is with speech. Rude and imperfect 
in its beginning, it has gradually been elaborated by the successive generations 
that have practised it. 

The manner in which the faculty of 8|M}ech originally assumed shape in the 
early progemtors of man has been much discussed by Philologists and Psychologists, 
and there is little agreement on the subject. It is obvious that all the more 
intelligent animals share with man the ^wer of giving expression to certain of 
the simpler conditions of mind both by vocal sounds and by bodily gestures. 
These vocal sounds are of the interjectional order, and are expressive of emotions 
or sensations. Thus the dog is said, as a result of its domestication, to have 
acquired the power of omitting four or live dillbreiU tones, each indicative of a 
special mental condition and each fully understood by its companions. The 
common barn-door fowl has al>o Wen civdited with from nine to twelve distinct 
vocal sounds, each of which is capable of a special interxiretation by its fellows 
or its chickens. The ge.'^tiires employtil by.ihe longer animals may in certain 
casei( W facial, a.«< expressinl by the grimaces of a monkey, or changes in bodily 
attitude, as we see continually in the dog. 

I think that it may not be uiirea-'Oimbly inferred th^t jn the distant past the 
remote progenitors of man relied upon erpially lowly mean.s of cuiumuiiicatiiig 
wdth their fellows, and that it w’ss from such humble beginnings that speech has 
been slowly evolved. 

Tliere cannot be a doubt that this method of communicating by vocal sounds, 
facial expression, and bo<lily gestures is capable of much elaboration ; and, further, 
it is possible, as some hold, that it may have attained a considerable degree of per- 
fection before arturiilalt* speech l>*gan to take form and grudiially replace it. 
Much of it indeed remiiina with us to the pre.nent day. A shrug of the shoulders 
may be more eloquent than the most carefully prepared phrase ; an appropriate 
expression of face, accompanif:^ by a suitable ejaculation, may be more withering 
than a Hood of invective. Captain Burton tcll.s us of u tribe of North American 
Indians whose vocabulary is so scanty that they can hardly carry on a conversa- 
tion in the dark. This and other facts have led Mr. Tylor, to whom we owe so 
much in connection with the early history of man, to remark: ‘The array of 
<‘vidence in favour of the existence of trilies wdiose language is incomplete without 
tlie help of gesture-signs, even for things of ordinary import, is very remarkable ' : 
and, further, ‘ that this constitutes a telling argument in favour of the theory that 
gesture-language is the original utterance of mankind out of which speech has 
developed itself more or less fully among diilerent tribes.* It is a significant fact 
also, *as the same author points out, that gesture-language is, to a large extent, the 

same all the world over. 

1 . 

* Rudinger send others have tried on very unsubstantial grounds to prove that 
there is a ditTerence in this region on the two sides of the brain. There is, of course, 
as a sul^ marked asymmetry ; but 1 do hot think that it caa be said with tmUk that 
the cortical development of the region is greater on the left side than on the 
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Many of the words employed in early apeedi were undoubtedly formed, m the 
first instancei through the tendency of man to imitate the natural sounds he heard 
around him*. To these sounds, with various moditicatious, was assigned a special 
conventional value, and they were then added to the growing vocabulary. By 
^bis means a very decided forward step was taken, and now primitive man became 
capable of giving utterance to hb perceptions by imitative sounds. 

Max Muller, although bitterly opposed to the Hue of thought adopted by the 
* Imitative ^h^l ’ of philologists, bas expressed their views so well that 1 am 
tempted to use the words he employe<l in explaining what he satirically branded 
us the ' Bow-wow Theory.* lie says : ‘ It is supposed that man, being yet mute, 
heard the voices of the birds, dogs, and cows, the roaring of the sea, the rustling of 
the forest, the murmur of the brook, and the whisper of the breeze. He tried to 
imitate these sounds, and finding his mimicking cries useful as signs of the object 
from which they proceeded, he ibllowed up the idea and elaborated language.’ 

Hood^ humorously and unconsciously illustrates this doctrine by a verse 
descriptive of an Engliahmani ignorant or French, endeavouring to obtain a meal 
in France : — 

* ** Moo I *• I cried for milk ; 

If 1 wanted bread 
My jaws I set agoing ; 

And asked for new-laid eggs 
By clapping hands and crowing.* 

But, although much of early articulate speech may have arisen by the development 
of iuteijectional sounds and the reproduction, by the human vocal organe, of 
natural sounds, it is very unlikely that these atlbrded the only sources from which 
words were originally derived. Romanes insists upon this, and, in snppcit of his 
argument, refers to cases where children invent a language in which apparently 
imitative sounds take no part. He likewise alludes to tht' well-known fact that 
(leaf mutes occu-'^ionally devise definite notiuds which stand for the names of 
friends. In the light of such evidt;nce, he very properly asks, * Why should it be 
held impossible for primitive nuiii to have dune the sanier * 

The value of spoken language, as an instrument of thought, is universally 
admitted, and it is a matter incapable of contradiction that the higher intellectual 
eflorts of man would he’alfsolutely impossibhj were it not for the support which is 
atibrded by articulate speech. Darwin expresses this well when he says : * A 
complex train of thought can no more be cnriit^d on without the aid of words, 
whether spoken or silent, than a long calculation without the use of figures or 
symbols.* Such being the case, I think we may conclude that the acquisition of 
speech lias been a dominant factor in d<?termining the high development of the 
human brain. Speech and mental activity go hand iu Laud. The one has reacted 
on the other. The mental efibrt required for the coining of a new word has been 
immediately followed by an increased possibility of further intellectual achieve- 
ment tlirough the additional range given to the mental powers by the enlarged 
vocabulary. The two processes, mutually supporting each other and leading to 
progress in the two directions, have, unquestionably yielded the chief stimulus to 
brain development. 

More than one Philologist has Insisted that * language begins where inter- 
jection ends.* For my part I would say that the first wortl uttered expressive of 
an external object marked a new era in the history of our early progenitors. At 
this point the simian or brute-like stage in tbeir developmental career came to an 
end and the Iniman dynasty endowed with all its intellectual possibilities began. 
This is new thought. Romanes clearfy states that in the absence of arttculatioif 
he considers it improbable that man would have made xunch psycholc^cal 
advance upon the anthropoid ape, and in another place he remarks that * a man- 
like creature became human by the power of speech.* • 

The period in the evx»lation of man at which this important step was taken is 

.. * Quoted from Vie OHifin of by Hensleigh Wedgwood, 1866. . 



788 


heport — 1901. 


a vexed question and one in tlie solution of whlcL we have little solid ground to 
go upon myond the material changes produced in the brain and the cgnslderation 
of the time tliat these might reasonably be supposed to take in their development. 

Darwin was inclined to believe that articulate speech came at an early period 
in the history of the stem-form of man. Komanes gives a realistic picfure of on 
individual decidedly superior to the anthropoid ape, but distinctly below the exist- 
ing savages. This* hypothetical form, half-simian, half-human, was, according to 
his sponsor, probably erect ; he had arrived at the power of shaping tlrnts as tools, 
and WAS a great adept at couiniunicatiug with his fellows by gesture, vocal tones, 
and facial grimaces. 

W'ith this accomplished ancestor in his mental eye it is not surprising that 
Itomanos was inclined to consider that articulate spe^h may have come at a later 
period than is generally siqiposed. 

At the time that Romanes gave expression to these views he (vas not acquainted 
with the very marked structural peculiarities which distinguish the human brain 
in the region of the speech centre. 1 do not refer to the development of the brain 
in other districts, because possibly Romanes might have held tnat the numerous 
accooiplishnients of his speechless ancestor might be sufficient to account for this ; 
I merely allude to changes which may reasonably be held to have taken place in 
direct conuccticu with the gradual acquisition of speech. 

These structural characters constitute one of tlie leading peculiarities of the 
human cerebral cortex, and are totally absent in the brain of the anthropoid ape 
and of the speechless microceplialic idiot. 

Further, it is signiticout that in certain anthropoid brains a slight advance in 
the same direction may occasionally be faintly traced, whilst in certain human 
brains a distinct backward step is sometimes noticeable. The path which has led 
to this special development is thus in some measure delineated. 

It is certain that these structural additions to the human brain are no recent 
acquisition by the stem-fonn of man, but are the result of a slow evolutionary 
growth— a growth which has been stimulated by the laborious efforts of countless 
generations to arrive at the ptjrfect co-ordination of all the muscular factors which 
are called into play in the production of articulate speech. 

Assuming that the acquisition of sfieech has aftbrded the chief stimulus to the 
general develo})ment of the brain, and thereby giving it a rank high above any 
oilier factor which has operated in the evolution of man, it would lie wrong to lose 
si^lit of the fact that the first step in this upward movement must have been tal^en 
by the brain itself. Some cerebral variation — probably trifling and insignifleant 
at the start, and yet pregnant with the most far-reacliing possibilities — has in the 
stem-form of man contributed that condition which has rendered speech possible. 
This variation, strengthened and fostered by natural selection, has in the end led 
to the great double result of a large brain with wide and extensive association 
areas and articulate speech, the two re.sults being brought about by the mdtiial 
reaction of the one process upon the other. 


The following Papers and Reports were read : — 

1. The Cartilage of the External Ear in the Monotremata in relation to 
the Human Ear, By Professor J. Cleland, F.B.S. 


2. On tliC Origin of the Cartilage of the Stapes and on its Contvnmty vAth 
^ the Hyoid Arch, By J. F. Geumill, JH,D, 

The. series of sections exhibited showed that in the human subject '^the whole 
of the cartilage of the stapes is developed independently of the periotic capsule, 
and that it b^ngs to the hyoid bar. Ine sections also illustrate the condition at 
different stages of that part of the hyoid bar which lies between the stapes and 
the styloid process. A.n examination of, all the sections in the different series 
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gup^rtB the view that the incus represents the primitive suspensorial element, 
i.e,, the hyc-mandibular. 


3. The President’s Address was delivered.— See p. 776. 


4. Some Notes on the Morphology of Trcmsverse Vertebral Processes. 

By Professor A. Macalister, 3f.2)., LL.D.^ F.B.S. 

The application of this term in the description of the several regions of the 
human spine is unsatisfactory, and the author has endeavoured to determine, by 
embiyological evidence, the" morphological relations of the several parts of tlie 
iieurai arch. The factors which cause tiie differentiation are the juxtaposition of 
the rib and the variable relations of the arch to the surrounding muscles. 


5. A Note on the Third Occipital Condyle. 

By Professor A. Magalistbr, if.Z)., ZZ.Z>., F.R.S. 

There are two structures confused under this' name — one a mesial ossification 
in the ^eath of the notochord, and the second a lateral, usually paired, form of 
process, caused by the deficiency of the mesial part of the hypochoraal element of 
the hindmost occipital vertebra, with tuickening of the lateral portion of the arch. 


6. Notes on a Hwman Skull found in Peat in Bed of the River Orwell^ 

Ipswich. By Miss Nina F. La yard. 

• 

This skull was obtained in January last from the captain of a dredger employed 
on the river Orwell at Ipswich. It was found when deepening the channel in 
May of last jear. After working out_ the overlying mud a bed of peat was 
reached. This was in such a dry condition that it choked the machinery. As 
nearly as could be estimated, the skull was found embedded in the peat at a depth 
of. about 4 feet. After being dredged up it was rescued by the captain, and for 
nine months remained hoisted on a pole in the dred^r, exposed to the wind and 
weather. Jhe skull was ve^ bla^ when first found, but in course of time 
became bleached. Some oil dropping upon it from the machinery above gave it 
its present brQWii appearance. One side of the skull is much worn away by 
expaaure to the air and moisture, while the other side is almost perfect. 

In Febtuaiy last the writer presented the skull, which was exhibited, to the 
Koval College of Surgeons, and Professor Stewart has made the following 
measurements:— C., 630; L.,188; B., 140; Bi., 746 ; H.,133; Hi., 707; B.N., 
101 ; Ow., 37 ; Oh., 28 ; Oi., 784 ; Ca., 1,57^ 


7. Interim Report of .the Committee on Anthropological Teaching. 


8. Interim Report gf the Cofnmittee on the Preservation and Registration 
of Photogrc^hs of Anthropological Interest. * 
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Fin DAY, SEPTEMDFR VA. 

The following Papers and Reports were read : — 

1. Notea on the Excavatum of an ancient Kitchen Midden recentiy 

discovered on the St, Ford Lhika, near Elie, Fife, By Robert 
Muxro, 

After narrating the circumstances which led to the discovery of the midden, 
and describing the details of its subsequent excavation by the proprietor, 
W. Baird, £sq., the author proceeds to give a description of the relics, pointing 
out their analogy to other Scottish remains, and concludes by briefly stating some 
of the conclusions suggested by the archmological facts recorded. The points of 
interest may be thus summarised : — 

(1) The midden was composed of a bed of dark earthy matter, about two feet 
thick, containing ashes, charcoal, decayed bones and honis of various domestic and 
wild animals, a few sea-shells, and some relics of human occupancy. It lay over 
a bed of fine sand, within the twenty-five feet raised beach, ana at n depth of from 
two to five feet beneath a grassy mound (formerly a sand-dune). Its shape was 
oblong, some sixteen paces in length (north to south) by eleven in breadw, and 
its margins were precisely, sometimes abruptly, defined from the surrounding 
blown sand. 

(!2) The chief relics are two ornamental toilet combs (fragmentary), a bone 
spindle-whorl turned on the lathe, a few bone pens and implements of deer-horn, a 
curious vessel made from the leg bone of an ox, an eel-spear-head, and a chisel of 
iron, a small portion of thin bronze, and two fragments of a flat dish of < fldse 
Samian * ware. 

(3) From a comparison of these relics with some of those found on the Scottish 
Crannogs the author dates the midden and fts makers, approximately, to the 
eighth century, and gives reasons for supposing that it was the site of a wooden 
house. 

(4) The presence of an unusually laige number of water-worn pebbles which 
had been subjected to fire, together with the absence of culinary pottery, querns, 
and hammer-stones, suggest that the occupants were not agmulturists, but 
pastorals and hunters, who cooked their meat in wooden dishes, boiling water by 
means of stones previously made red-hot in an open fire. 

(6) The osseous remains were very abundant, but neatly decayed. Among the 
animals represented by them the following were identified by Dr. R. Traquair, 
F.R.S., viz.— ox (two varieties, one being the longifrons), sheep, pig, horse, fox, 
dog, red- and roedeer, three portions of bones of some species of whale, onb* of 
which showed the marks of a sharp axe. 


2. Report on the Excavations of the Roman City at Silchester. 
See Reports, p. 425. 


3. ExcamtionH at Ardoch, By J. H. CuNNixaHAM, See.S.A.Setd. 

• This B brief description of the earthworks at the Roman station of 

Ard^, m Perthshire, gives an account of the excavations which were carried on 
there in 1806-97 by the Scottish Society of Antiquaries. The following were the 
chief resiilts obtained in the course of the operations : (1) The structure of the 
main rampart resembled that of the Antonine * Wall.’ (2) Fragments of charcoal 

^ This paper will be published in the Proceedings of the Society cf Antiquaries 
for Scotland (1900.1901). 
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and pottery were generally found in a layer about thirty inches below the surface, 
and al^ut the same height above causeway and gravelled surfaces, thus indicating 
two occupations. (3) From traces of wooden piles systematically placed in rows 
it was inferred tliat the structures within the main rampart had been made of 
wood, and had been laid out on a ground plan similar to that found in other 
camps. (4) About^venty doubly conical pellets of burnt clay, supposed to have 
been made red-hot and thrown into the lamp to set fire to the buildings, were 
collected thrcAghout the site. (5) The relics were on the whole similar to those 
found on other Roman sites, but the fragments of sculptured or inscribed stones 
were few and unimportant, and the bulk of the pottery conusted of pieces of large 
vessels used for kitchen service, fragments of the finer vessels being decidedly 
scarce. (6) The small mounds, generally known as the * prsetorium,’ were shown 
to belong to a mediinval chapel, probably built not earlier than 1400 A.n. The 
excavations are fully described in the ^ Proceedings of the Society of Antiquaries 
for Scotland/ vol. xxxii. 1897-98. 


4. Excavations at the Ronuin Camp at InchtathW, in Perthshire, 

By Tiiomas Ross, J/.Z>., F.S,A,Scot, 

Inchtuthill Roman C*amp, Perthshire, is situated on the north bank of the Tay, 
about six miles dowm the river from Dunkeld, in the parish of Caputb, the 
nearest railway station being Murthly. 

Inchtuthill is a plateau elevated about 00 feet al)ove tbe surrounding low- 
lying fields, which at no distant date were probably covered with water. The Inch 
is of a triangular shape, about one mile from east to west by about three-quarters 
of a mile from north to south. About three-fourths of its area is cut off from the 
camp by a rampart and ditch. The camp, situated in front of Delvine House, is 
square and occupies an area of fully fifty acres. 

It is defended by a single rampart and ditch, and on the south the rampart is 
double. On the north the defence is the steep bank of GO feet. Four circular 
ovens were found in the east ditch. 

The via priocipalin leads through the rentw* of the camp and down to the 
river on one side, and to.tlve edge of the bank at the otlier. There is a south 
gate. 

At a distance of about 130 yards eastwards there is a smaller camp over- 
looking the river, defended on three sides by a rampart and ditch. It extends to 
about five acres. No gateway or entrance was found. 

A destroyed work defending tbe via principal^ was found near the river. 

In the south-east side of the Inch very complete remains of baths were found, 
with two brick-built hypocausta and a stokery ; one cold-water bath, 12 feet by 
7 fe^ with steps and lead pipe in situ ; hot air Hue ; cement fioors, one showing 
ndicatioDs of having been tiM ; various chambers, with four circular apses. 

At the extreme south-west horn of the Inch there is a very strong fort, 
extending to about three acres, of which space more than one-half is taken up by 
he defences. These are against the camp, and consist of five parallel rows of 
litches and ramparts of uncommon depth and height. This is probably a native 
vork. 

The ' finds ’ consisted of the usual Roman pottei\v bricks, tiles, lumps of lead, 
k leaden ring 4| inches by 3^ inches, one Roman coin, and in the fort a rough 
iooty stone hearth, &c. 

The work connected with the exploration of the camp has been carried out 
inder the direction and care of the Society of Antiquaries of Scotland, and the 
expense of the undertaking has been generously borne by the Hon. John Aber- 
nromby. 

Inchtuthill is part of the estate of Delvine, the property of Sir Alexander Muir, 
ickenzie, Bart., to whom we are greatly indebted lor so kindly granting per- 
j^usion to mi^o the excavations, and also for tbe great personal interest he has 

sn in the work. 
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5. External Circumstances bearing 07i the Age of Oghnrn Writing in 
Ireland.^ By R, A. 8. Macalistkr. 

The question wliether Ogliam writing is of Oliristian or Piigan origin is not vet 
settled. There are, however, some moiuimeuts whose situations or special 
characteristics seevLi to have a bearing on tlie problem. S'lch are the stone nt 
Glenfohan, Co. Kerry, which though itself Christian bears what seems to be a 
iion-Cliristian occult* formula of some sort; certain monuments found associated 
with tumuli, stone circles, and alignments ; and a recently discovert^ stone at 
Dromlusk, Co. Kerry, which displays apparently non-Christian symbolism. 


6. Report on Explorations In Crete , — See Reports, p. 440. 


7. The Neolithic Settlement at Knossos and its Place in the History of 

Early jEgean Culture, By Arthur J. Evans, J/.il., LL.D,^ F.R%8. 

The hill of Kephnla nt Knossos, which contained the remains of the Palace of 
Minos and early houses going back to the nre-Mycensean or Kamures period of ( 'rete, 
proves to have f^en t he scene of a much earlier and very extensive Neolithic settlement. 
The exploration of this by the author, in addition to the work on the later remains 
of the ‘ Minoon ’ Palace, has been greatly aided by the grant from the Association 
in 1900. The remains were contained in a stratum of light clay underlying the 
later prehistoric buildings, and which seems to have been formed by the disinte- 
gration of successive generations of wattle and daub huU and their clay platforms. 
This clay stratum, which had been a good deal re-used for later foundations, showed 
a mean thickness on the top of the hill of about five metres. In some places it was 
over seven metres thick, and went down to a depth of about ten metres below the 
surface. It contained an abundance of primitive dark hand-made pottery, often 
punctuated and incised, and with white clialky inlaying, more rarely chrome- 
coloured. The ornamentation was angular and of textile derivation. Stone imple- 
ments abounded of greenstone, seqientine, diorite, haematite, jadeite, and other 
materials. Among these were over 300 celts or bxes, besides chisels, adzes, 
hammers, and other implements. The most characteristic implements, however, 
were the stone maces, the occurrence of which was especially important as brinmng 
the f Cretan Stone age into near relation with that of Anatolia — and indeed of 
Western Asia in general — where, as in the early deposits of Babylonia, stone 
maces formed a marked feature. This characteristic was shared by pre-dyiiastic 
and proto-dynastic p]gypt. Another interesting feature among the remains were 
the small human images of cloy and marble which supplied the ance8toT«»and 
prototypes of the stone images found in the early Metal-age deposits of Crete and 
the Cyclades.' Their Anatolian analogies were pointed out, and reasons were 
adduced for their ultimate derivation, through intermediate types, from clay figures 
of a Babylonian Mother-Goddess, such as those lately found in the very ancient 
deposits at Nippur. 

The Neolithic settlement of Knossos was the first settlement of that period yet 
explored in the Greek world, and in many ways threw an entirely new light on 
the beginning of civilisation in that area. The contents showed a marked contrast 
to the earliest Metal-age remains, such as those from the deposit of Hagios Onuphrios 
in Crete, the date of which was approximately fixed by their association with Egyptian 
. relics and the indigenous copies of them from 2800 to 2200 B.c. There were 
here noTater vase-forms of the high-necked and spouted class, no traces of painted 
poftery or metal, and no single example of the spiraliform decoration which in the 
early Metal-age deposits, is found fully developed. This negative phenomenon 
^ strongly weighed in favour of the view tWthe vEgean spiral system was introduced 

* To be published more fully in Man^ 1902. 

* Figured in Many 1901. p. 146. 
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ditriDg this later period with other decorative types from the Egypt of the Middle 
Kingdom, where it had already attained a high development. 

The Neolithic stratum of Knossos itself actually underlay later buildings 
belonging to three distinct prehistoric classes : — 

• 1. The * Kamnres/ or Early Metal age Period of Crete, illustrated by the con- 
tents of some of Win earlier houses. The painted pottery in these was in some 
cases a mere translation into colour of the incised and punctuated Neolithic designs. 
This period A approximately dated front thi> relics found in the Ilagios Onuphrios 
deposit and the Cretan vase fragments found in J'gypt in a Xllth Dynasty associa- 
tion from c. 2800 to 2200 b.c. 

2. The Transitional Period, between the * Kamares ’ ago and the Mycensean. It 
is probable that tlie earliest elements of the l^alace itself belong to this period, 
including an Egyptian monument ascribed to the close of the Xllth or Early 
XII ith Dynasty, *c. 2000 n.c. 

u. The Mycenaean Period proper, the flourishing epoch of which is approxi- 
mately fixed by the correspondence of some of the wall paintings with those 
representing the Keftiu on Egyptian tombs, c. 1550 n.c. 

Considering the distinct gap in development which still separates the latest 
elements of the culture represented by the Neolithic stratum of Knossos from the 
fully developed Kamares style, it would be rash to bring down the lowest limits of 
the settlement later than aTOut 5000 b.c. On the other hand, the great depth of 
the deposit must carry its higher limit back to a very much more remote date. 
The continued exploration of the Neolithic remains of Knossos is necessary for the 
full elucidation of many of the problems suggested by these discoveries. 


8. Exjiioratiom at Zakro in Eaateni Cr^te, By D. G. Hogarth, M.A. 

The excavation at Zakro in East Crete 1ms been concluded so recently that I 
must coniine myself to a plain statement of the raw material rendered available 
for study thereby. In estimating the final result it will be necessary to take 
account of positive and negative evidence, not yet to hand from two other East 
Cretan sites, lately excavated, Praesos and Gorynia. Zakro lies in the south- 
eastern angle of the island^ and was chosen for research because it falls in tl\e 
Eteocretau country, anciently reputed to be inhabited by aborigines, and because 
its safe bay must always have been a main port of call for craft sailing between the 
/lOgean coasts and Africa, The small plain of Zakro, entirely hemmed in by rugged 
hills, is full of early remains, beginning in the later pre^Mycenman period and 
ending with the clo^ of the age of bronxe. No implements of iron were found in 
it at all, and no Hellenic pottery. The town, therefore, owed its existence to a com- 
merce which ceased or passed elsewhere from the (teometric age onward. The 
*earli^ settlement was on a rugged spur; and although almost all trace of its 
structures have disappeared, it has left abundant evidence of itself in the contents 
of a pit about eighteen feet deep. This was found half-full of broken vases in 
stone and clay, largely of the singular ^ Kamares ' class, not previously found in 
Eastern Crete. These, however, are mainly of a highly developed technique, and 
their commonest schemes of ornament reappear unchanged on vasi\s of distinctively 
* Mycenman ' fabric. In fact, Kamares ^apes and decoration are more closely 
related to Myceneean at Zakro than had been suspected. But the absence of both 
neolithic antecedents and the earlier kinds of painted ware from this site suggests 
that its civilisation did not develop ou the spot, but was brought by colonists, 
perhaps partly Cretan, partly foreign. The fine quality of ware in this pit and the 
fact that, though of various periods, it was apparently all thrown in <it one 
moment leads me to suspect that the pit contained the clearings of an eariy 
shrine. 

/ At a later period the settlement extended over q lower spur nearer thS sea, 
i and there very massive and large houses were erected and inh(u>ited till the verge 
' of the Geometric period. Their outer walls are Cyclopean, but their inner {parti- 
tions are of bricks of unusual size. Complete plans were obtained of two of the 
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largest houses ; and parts of several others wore explored, including the lower por- 
tion of what was probably the residence of the local chief or governor. Tneso 
yielded a great deal of pottery, ranging from the acme of the Mycenaean period 
to its close, and the types furnish a better criterion of date than we have possessed 
hitherto in Crete, ^iumerous bronze implements were found, but these yield in 
interest to those from Gorynia. Two tablets in the linear ^ pretan* script show 
that this mtem was known, though probably little used, and not indigenous, in East 
Crete, ^fone were found couched in the pictogmpbic system so often represented 
on East Cretan gems. Finally a hoard of 500 .clay impressions of lost signet 
gems was brought to light. These display 150 different types and afford a price- 
less record of Mycenaean glyptic art and religious symbolism. Monstrous conibina- 
tions of human and bestial forms occur in great \Wiety, half a dozen, which are 
bull-headed, suggesting varieties of the Minotaur type. The comparison of all this 
mass of new material with the symbols of Egyptian, Mesopotamian, and other cults, 
which cannot fail to be fruitful, has yet to be made* Cist burials were discovered 
in eaves farther inland, whose grave furniture seems to support certmn negative 
evidence obtained in the Upner Zakro district and at Praesos, in showing that the 
aboriginal civilisation of Fast Crete was independent of both the * Kamdres ’ and 
Myceiitcan civilisations. If these last were foreign to the Eteocretan country, it 
seems improbable that the Eteocretan language, as represented by tlie Praesos 
inscriptions, will prove to be that expressed by the linear script on the Knossiau 
tablets ; and the hope that these will be decipliered becomes fainter. 


0. $Sonir ResuUs of Recent Excavaiiom in Palestine, 
lUj R. A. 8. Macalister. 

Excavations have lieeu carrii'd out by the Palestine Exploration Fund at Tell 
Zakariya, Toll es-Sufi, Tell ej-Judeideh, and Tell Sandahannab, in the west of 
Juda}a, during the last two years. Uemains extending over a space of time of 
some fifteen centuries have been uiieartbod, divisible into two well-defined 
pre-Israelite periods, and also the Jewish, Stdeiicidan, and. lioman periods The 
general result has bt^n to throw considerable light on various questions respecting 
the civilisation and religion of the inhabitants at different times. 

The great caves of Rot J ibrin and its neighbourhood have also biien syatem- 
atically explored, and some light shed on the problem of their origin and purpose. 


SATURDAY, SDVTEMHEK H. 
The iSection did not meet. 


MOXDAY, SEPTEMBER IG. 

The following Report and Papers were read : — 

1. Report on the Age of Stone Circles , — See Reports, p. 427. 


2, On the Chronology of the Stone Age of Man^ with especial Rtference to 
his Co-existence with an Ice Age,^ By W, Allex Sturoe, M,D* 


* To be published in Man^ 1902. 
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3. NainrMtj Chipped Flintefor Comparison with certain Forms 
^ of alleged Artificial Chipping, By G. Coffey. 

The author exhibited a series of flints from the Lame raised beach and other 
beaches on the north coast of Ireland showing the manner in which chipping is 
* effected in the action of the waves. Some of the chipping was quite Ihish, 
probably done bjr a recent gale, and admirably illustrated the chipping on older 
flints. He compared the chipping with that on fragments of flint from river- 
drift gravels at Bedford and with the chipping of the * Plateaux flints,’ and 
contended that the evidence pointed to the same or a similar cause in both cases. 


4. Prehistorie Man in the Isla^id of Arran,^ By Eben. Duncax, M.D.^ 
and Thomas H. Bryce, M,A M,D, 

The island of Arran has many sepulchral memorials of its prehistoric in- 
habitants, but save the stone circles on Manchrie Moor, explored by James Bryce, 
LL.D., in 1861, none seems to have been examined except by the casual antiquary 
or reclaiming agriculturist. 

In 1806 Dr. Duncan explored a cairn at Torlin, and found a skull, dolicho- 
cephalic in its proportions, and a number of bones, but no implements or pottery 
to fix the age of toe interment. On bis invitation Dr. Bryce joined him in a more 
exhaustive examination last summer, after he had obtained the sanction of the 
factor, J. Auldjo Jameson, Esq., W.S. During the spring and summer of this 
year by aid of a grant from the Royal Society of Antiquaries of Scotland Dr. Bryce 
made a considerable series of further explorations. The comparative results of the 
whole series of investigations may be summed up in the tabular statement annexed. 

The table shows that the mere presence of stone implements affords no 
test of the arehmological horizon, but that the pottery found in what have been 
calbnl * Megalithic cists serially arranged ’ clearly distinguishes these structures 
of earlier a^ than the short cists either in cairns or circles, and one may with fair 
certainty affirm that the interments discovered in them belong to a race still in 
tbe stage of Neolithic culture. 

Only at Clachaig and Torlin were human bones discovered in such preservation 
as to permit of examinktibu. At Sliddery and Shiskin all traces of the interment 
had disappeared, but in spite of a large amount of wood charcoal found, the absence 
of any trace of burnt bone makes it probable that the interments in these cists also 
were by inliumation. 

Each large cist contained the huddled remains of six to ten individuals of both 
sexes and all ages, from the infant to the aged person. The bones lay in chaos in 
the corners at different levels, suggesting either that the bodies were dismembered 
buTve burial, or that they were placed in a sitting attitude in the comers so that 
when the soft parts fell away the bones collapsed in confused heaps. 

The long bones recovereU were much broken. No male femur is entire, but 
making allowance for the absent louver end one bone gives a proportionate stature 
of 5 ft. 4 in. The bones taken to be femah; are remarkable for their shortness and 
slenderness. Two entire femora made the stature 4 ft. 10 in. All the male 
femora are platymeric, and have a prominent luna aspera ; all the tibite more or 
less platycnemic. 

The skulls — three male, one fenmle — and three calvaria, of doubtful sex, are of 
the same general type. They are of lar^^e capacity, of gently curved contour, 
with slightly marked glabella and supraciliary ridg^. The form is elongated ; 
the sides are flattened, with slightly marked parietal eminences ; the occiput m 
round and prominent to a marked degree ; the outline in the norma occipital^ is 
pentagonal, with elevated sagittal suture and roof fairly sharply sloping to join 
the vertical sides. In the norma verticalis the zygomatic arches just show, and 
the shape is either ellipsoidal or ovoid. 

' To be published in full : the archaeological evidence in JProo. Sac, Ant, Scot, 
the anthroiwmetry in Joum, Antkrop, Inst,, xxxll. 
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The cephalic indices of the whole specimens are 66*6, 70,75, and 75*5, so that 
two belong, to the dolichocephalic group, two to the lowest term of the mesati- 
cephalic group ; the three calvaria unquestionably belong to the same series. 

The lace is orthognathous and leptoprosopic in the male, chammoprosopic in 
the female skull. The nose is leptorhine in two, mesorhine in two, the orbits micro- 
seme in all. The mandible has a well-marked chin and moderately marked 
angle. The. teeth moderate and much worn on the crowns. 

These skiills are in distinct contrast to the specimen discovered by Dr. James 
Bryce in the stone circle on ^Manchrie Moor, it is not sufficiently entire for 
measurement, but to the eye in the norma verticalis the breadth bears a consider- 
ably larger proportion to the length tlian in the skulls discovered by us. 

Thus in the * Megalithic cists serially arranged ’ in Arran individuals of a race 
were interred witli anatomical characters closely resembling those of the long 
barrows in England, and two of the specimens exactly realise Wilson’s description 
of a kumbecephalic skull. 

5. T/ie leones of Hen NekUty By Charles S. Myers, M.A, 

lien Nekht is the earliest king of whom the remains have been found. He 
reigned over Egypt during the third dynasty, about 4000 n.c. Mr. John Garstang, 
who discovered the tomb lost season, "asked me to undertake the measurement 
and description of the bones. I am indebted to him for permission to give the 
British Association m}' results to-day, before they are more fully incorporated in 
the official report of his excavations, which is to be published by the Egyptian 
Research Account. The bones recovered are the skull, the tibiae, a left humerus, 
left femur, left clavicle, broken fibulae, pelvis, and scapulae. The vertebrae and 
fragments of other bones were not brought awa 3 ^ 

The skull is e.xtraoTdinaTilv massive and capacious. The cranial length-* 
breadth index is 79*6, the nasal index 51*9, the orbital index 82*2. The face seems 
orthognathous. The long bt'uie.s reflect the character of the skull. They are 
remarkably long and strongly ridged! 

The hones are those of an unusually tall man. The coefficients, however, for 
determining stature from the length of the long bones differ considerably in indivi- 
duals as well as in races/ (The height of Hen Nekht may probably be estimated at 
1,870 millimetres. Such a stature would very likely have been considered gigantic 
by the king’s hi.storiuns. 

Manetho records as the last two kings of the second dynasty Sesochris and 
Cheueres, whose reigns amounted to seventy -eight years. Eratokhenes, another 
historian, after apparently omitting the second dynasty, places Momcheiri, 
reigning seventy-nine years, as head of the Memphite (third) dynasty. Possibly 
Sesochris and Cbeneres were one and the same king, to whom Eratosthenes gave 
tli^ame of Momcheiri. Alanetho describes Sesochris as a giant Jive cubits in 
Jmght and three palms [in breadth — omitted in one of the texts]. Eratosthenes 
describes Momcheiri as ircpto-a-opcX^f and as a Memphite. A marxed discrepancy 
occurs in all lists between the close of the second Thinite and the opening of the 
third or Memphite dynasty. Possibly with the introduction of stone buildings 
and pyramids, and with the change of the seat of government from This to 
Alemphis, a new ruling race arose at Memphis with the third dynasty, of whose 
kin^, one, tall among bis own people, was reckoned a giant by his Egyptian 
subjects. 

Whether or not Hen Nekht, Momcheiri, and Sesochris are identical may be 
disputed, but there can be little doubt that the stature of the last has been, 
exaggerated by Manetho. * 

The features of Hen Nekht's skull iwree far closer with those of the dyndstic 
than with those of the prehistoric tmies, according to Mr. Eandall-Mf^lver’s 
measurements. 

The proportions borne by the lung bones of Hen Nekht to one another and * 
' Published more fully in Man, 1901. No. 127. 
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to Ilia probable atsturo curreanond more nearly witli those ohsorved la ISeno than 
in Karopean akeletoiia. Similar measurements made on a number of skeletons of 
the prehistoric and early empire period show in most cases the same correspond* 
ence. J3ut further research is here necessary. 


6, Palivolithie. Implement with alleged Thong*niarks, 

By Miss Nina F. Layaud. • 

This fine Palasolithic hatchet was found in Levington Road, Ipswichp at a 
depth of about five feet. In the natural depressions of the flint the original 
surface of the iiodiih' escapt*d being worked away when the hatchet was shaped^ 
leaving a rough surfaet*. This surface consists of more than one layeri the outer- 
most of which appears to have lieeii removed by friction. 

7. On a Piece of Yew from the Forest Bed on (he East Coast of Engla^ndf 
appa refill y cut by Man. By F. D. Longe. 

This object was found by the autlior with othei^ieces of yew in a section of 
cliff expostid after a high tidi* in the Kessingland Frcshwater Red, belonging to 
the Cromer Forest ]k*d iSerie.«. Some days afterwards, in cleaning the piece of yew, 
he discovered two oblique cuts upon it, made by some implement much sharper 
and thinner than the large niunutiictured instruments (Paleeolithic or Neolithic) 
with which we are familiar, lie believes that the circumstances exclude the idea 
that these cuts are of recent origin. 


8. Exhibition of Mannjactured Objects from Irish Caves. 
By G. CoFFBY. 


9. On the Temporary Fissures of the Human Cerebral Ilemispfisres^ with 
Observations on the Development of the Ilippbcampal Fissure and 
Hippocampal Formation, By Professor J, Symington, M.D.^ Queen^s 
College^ Belfast. ' 

This paper discussed the Tiews recently published by Ifocbstetter, who main- 
tains that the so-called temporary or transitory fissures of the human cerebral 
hemispheres, which have been described by so many anatomists as existing 
towards the end of the third and during the fourth months of festal life, lyne not 
present in the fresh brain, but are the products of commencing maceratioii^and * 
piitrefication. Prolesssnr Symington admitted that the frequency of tlie occur- 
rence and the depth of th(?se fissures had been exaggerated, but ho showed a 
number of photr>gruphs of specimens, both macroscopic and microscopic, in supix>rt 
of till* view that they did occur in well-preserved material, lie admitted, 
however, that the arcuate fissure, even if not an artificial product, had no 
morphological significance, and that its posterior part had nothing to do wdth the 
hippocampal fissure, lie also exhibited a series of sections of the brain of a 
human foetus in which the hippocampal fissure and the hippocampal formation 
could be traced from near the temporal pole of the hemisphere upwards and 
* forwards towards the frontal end of the brain dorsal to the developing transverse 
commisthires. 

^Attention was directed to the interest of these facts in connection with the 
position of the hippocampal fissure and formation in the marsi^ialia and mono* 
tremata where they occupy a similar position throughout life. Tnese observations 
' also support the opinion, hitherto based mainly on comparative anatomy, that the 
rudimentary gn;y and white matter existing on the dorsal aspect of the adult 
human corpus callosum is the remains of a hippocampal formation. 
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10. On Suprasternal Bones in ilie Human Subject. 
By Principal Mackat, if./)., LL,D, 


1 1. The Frequency and Pigmentation Valneof Surnames of School Children 
in East Aberdeenshire. By J. F. Tocher, jP./.C., and J. Gray, B.Sc. 

In the course of a pigmentation survey carried out by us in East Aberdeen- 
shire in 1806 and 1807 we ootsined the statistics of the surnames and pigmentation 
of 14|56l (practically the whole) school children (here. An analysis of the 
physical characteristics apart from the surnames has already been published.^ 
The present paper deals with the distribution of the frequencies of surnames and 
their correlation with pigmentation. We have found that among the 14,561 
children there are 751 different surnames. The frequency of these surnames 
varies between 1 and 267, Milne lieing the mo.st frequent, the next in order being 
Smith, Taylor, Stephen, and Bruce. If the surnames are arranged in order of 
frequency a curve representing the frequency takes the form roughly of a 
rectangular hyperbola. The distribution of surnames is very unequal: for 
example, one-half of the population has to bt? content with 12i*per cent, of the 
surnames, while one-half of the surnames is monopolised by 950 persons. 
Hereditary surnames were not in common use in Scotland until the thirteenth and 
fourteenth centuries. There is a presumption, therefore, that the present pos- 
sessors of surnames inherit some of tlie physical characteristics of ancestors of that 
date. It becomes necessary to investigate the origin of surnames. We have divided 
them broadly into two classes : (1) l^owland, including names of Anglo-Saxon, 
Nonnan, and Srandinavian origin; (2) Highland, including names derived from 
the names of Highland clans. Of the 751 surnames, sixty-three were Highland, 
representing 13-14 per cent, of the population. It is interesting to note that in 
a previous investigation^ we came to the conclusion, from an analysis of the 
measurements ol the adult population, that the Highland element was present to 
the extent, of 14 per cent, in East Aberdeenshire. AYe have calculated the 
pigmentation value of the hair and eyes for the tifty-nine most frequent, suniames, 
and arranged them in series according to pigmentation. AVe find that there is a wide 
variability in the pigmentation of different surnames, pointing to the conclusion 
that septs or clans, as represented by surnames, tend to retain distinct physical 
characteristics. ^ Amongst the darkest in the series w’e find surnames common in 
fishing communities. Ihw supports the tradition that the fishing population on 
the east coast of Scotland is of Ik'lgiau origin, since the Belgians are the darkest 
people of Northern Europe. AA^e find that the pigmentation of Highland 
surnames corresponds closely with the pigmentation in their districts of origin. 
A:;<«xample of this is seen in the blond Erasers, having their origin in the blond 
Inverness district, and dark Robertsons and Gordons in dark Perthshire and West 
Aberdeenshire. The surnames of AA^allace, Pirie, Grant, Park, and Birnie, we 
find, have strong blond tendencies, while the surnames of ('ordincr, Cruicksbank, 
^^tepben, Strachan, Buchan, Paterson, and AVhyte are darkest in our list. The 
suniames having the largest percentage of red hair aiv Rennie, Scott, Grant, and 
Ihomson, and those having the least percentage are Johnston, AA^alker, Burnett, 
Eorhes, and AA^atson. 

The validity of these conclusions de])ends on whether they are confirmed by 
a complete survey of the whole of Scotland, which, we hope, may be carried out 
at an early date. 


* Jovm. AMrop. Inst,, vol. xxx. pp. 104-126. 
See Brit Assoc. Report^ Bradford, 1900. 
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TUESDAY, SEPTEMBER 11 

Tile following Pajiers and lleporta were road : — 

1. On Hie Functions of tlie Maternal Uncle in Torrec Straits^ 

By W. H. H. Rivers, M.D, 

In the western tribes of Torres Straits descent is *it the present time strictly 
paternal, and yet customs exist among these people which show that in some respects 
the relationship between maternal uncle and nephew is regarded as nearer than that 
between father and sou. The system of kinship is of the kind known as ^classifi- 
catory,’ and the customs to be described apply not only to the brothers of the 
mother, in the strict sense, but to all those males of the clan of the same genera- 
tion as the mother whom the latter would call brother. 

A man will cease fighting at once when told to do so by his maternal uncle. 
The power of the uncle is so great that a fight between the uatires of two hostile 
islands (Mabuiag and 3Ioa) might be stopped if a man on one side saw his sisters 
sou among his enemies. 

This power of stopping a fight is not possessed to the same extent by the father 
or mother, and a man "may coiitiiiiie to fight even alter the father or mother has 
given certain indications of the nearness of the bond between them and the son. 
The maternal uncle, on the other hand, .stops a tight by a mere word. 

The brother>in-law (f;;n*) has also the power of stopping a tight, but in this 
case it is the duty of the man who has iM^eii 8top])ed to make a present to the 
brother-in-law. ^o such present i.s made to the uncle. 

Another indication of the clostuiess of the relationship between maternal uncle 
and nephew is that the latter may take, lose, spoil, or destroy anything belonging 
to his uncle (even a new canoe, probably the most valuable possession a man can 
have) without a word of reproacli from the latter. I was told that, even if the 
nephew was quite a small l^y, he could do what he liked in his uncle^s house — 
could break or .spoil any of his uncle^s property and the uncle would say nothing. 

As a boy grew up he went about more with his uncle than with his father, 
and 1 was told that he cared more for hi.s uncle. At tiie ^ceremonies connected 
with the initiation of the boy into manhood, it was the maternal uncles who had 
especial care and complete control of the boy, and imparted to him the traditions 
and institutions of the tribe. When the boy married, the father provided tbe 
necessary presents; but the actual payment was made by tbe maternal uncle, to 
whom the presents were given by the boy’s father. 

One point of interest in these customs is that they are found in a tribe in 
which descent is now paternal, and must probably be regarded as vestiges of a 
previous condition in which descent was maternal, and the brothers of the mother 
were regarded as nearer kin than the father. 

Another point of more special intercut is to be found in the similarity between 
one r)f these customs and the * vasu * institution of Fiji. This institution, which 
has been spoken of as the ‘ keynote of Fijian despotism,’ may he regarded as an 
extreme development of the custom which in Torres Straits permits a nephew to 
take anything belonging to bis maternal uncle. In Fiji this custom has grown to 
such an extent that tbe nephew of a king may be ' vasu ’ to all his uncle’s subjects, 
and may, with impunity, despoil his uncle’s subjects of all their most valued 
possessions. 


*2. On the Function of Uie Son-in^Law emd Brother •in- L oac in 
- Torres Straits. By W. H. R. Rivers, M.D. 

In both the eastern and western tribes of Torres Straits, as in so many parts 
of the world, a man is not allowed to utter the names of his wife’s relatives. Pie 
does not speak to his father-in-law, and carries out any necessary communication 
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through hiA wife. If, for any reason, it should become necessary to speak to his 
fatber-in-4aw, he talks in a low voice and mild manner. 

In the western tribe this disability is associated with certain duties and privi- 
leges. The brother-in-law has the power of stopping a fight, but apparently not to 
BO marked an extent as in the case of the maternal uncle. 

When a mais dies the duty of looking after the body and the mourners falls 
largely on the brother-in-law (tmi). If the man has died away from home it is the 
duty of th^* imi’ to announce the death to the widow and brothers of the deceased, and 
the ' imi ’ gives the signal for the crying ^ keening ’ to commence. He prepares the 
body and carries it to the grave. He stops the crying, gives food to the mourners, 
and fills the pipe of the brother of the dead man. If .no brother-in-law is present 
these duties devolve on the father in-law (tra), or. if no * ira’ is present, on the 
sister-in-law (ngauhat^. Owing, however, to the large number of brothers-in-law 
provided by the classificatory syst^^m of kinship, this rarely happens. 

The brother-in-law has also definite duties in connection with fishing, and has 
a definite place in the fore part of the canoe. It is his duty to hoist the sail, to 
heave the anchor, to bale out water, to light the fire and prepare food, and to 
spear the dugong or turtle. Ho has, in fact, to do all the hard work, while the 
owner or captain of the boat has little to do beyond giving orders. In special 
kinds of fishing, as in that in which the sucking fish is used — of which Dr. Haddon 
has given an account — certain of the operations are carried out by the brother- 
in-law. 

At a dauce a man does not wear his own mask (A*;y/) but that of his brother- 
in-law. 

It seems probable that tlie.se customs may be regarded as vestiges of a condi- 
tion which does not now exist in Torres Straits, but is found in many parts of the 
world, viz., a condition in which a man lives with and serves the family of his 
wife. 

These customs, and those connected with the maternal uncle, agree in pointing 
to the existence, at some time, in T^orres Straits of a stage in the development of 
the family in which the liusband was a relatively unimportant appendage, and the 
liead of the family the brother of the wife ; a stage of development which is 
still to be found in some parts of tlie world, as among the Seri Indians, recently 
investigated by McGee*. 

[The full account of this and the preceding Paper will be published in the 
lieport of the Cambridge Anthropological Expedition to Torre* Straits.'^^ 


3. Some Emoiiom in the Murray Islander. By Charles S. Myers. 

belief is widely spread that in the degree of their control over the impulses 
of their emotions lies the essential diilerence between the civilised and uncivilised 
mind, and that the emotions of a savage are accordingly a series of powerful 
stimuli, directly and automatically releasing their appropriate actions without the 
eiVective intrusion of thought, reason, or self-consciousness. 

The writer's experiences, ns member of Dr. Iladdon’s Cambridge Anthropo- 
logical Expedition to the Torres Straits and Borneo, have led him to doubt 
whether such a view is particularly or even broadly true. He found that the 
general conduct of the Murray Islanders, an undoubtedly vivacious and excitable 
people, was comparable to that of other similarly emotional country folk, e.^.^ the 
rural population of South Europe. lie believes that such differen^s as exist are 
duo not 80 much to distinctive mental constitution ns to the varying saiicrions 
and customs of society. * 

The intense excitement prevailing at the games of the Murray Inlanders 
perhaps atoned for their remarkable disregard for orderly competition ; a feature 
which is perhaps to be connected with the feeble fighting powers and the social 
equality or these people in the past. 

‘ Sec also Afa«i, 1901, pp. 136, 137. 
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T^ack of concentration has been generally considered a characteristic of unoivili 
ised races. Probably no conditions are more absorbing than the deeply rooted 
emotions of love, hatred, anger, and fear. Pear of his neighbour was very 
common among the Muituy Islanders. No human life, no crop of food, was 
ever lost save through the sorcery practised by somt* enemy thereon. Extra** 
ordinary mental depression, even death, is reports to have follo^'’ed an islander's 
belief that some one had used magic against nim. 

The feeling of shame was awakened under conditions which are astohishing to 
U3. The birth of twins was a matter of gi^at reproach both to the father and to 
the mother. Shame was likewise excited if a man mentioned the name of any of 
his wife's relatives. 

Just as social custom in Murray Island encouraged the pla^ of shame, so. it 
appears to have lessened the force of parental affection. Infanticide used formerly 
to prevail. To this day the practice is retained of frequently giving awav infants 
for adoption a few days after birth, so that they grow up ignorant of their true 
father and mother. 

So far as was noticed, the 6.xpres3ion of the emotions in no way differed from 
what has been observed among Europeans. 

Certain psychological experiments demonstratiHl great differences in tempera, 
ment among the various islanders. 


4. Notes on Some Customs of the FellcJiin of West Palestine, 

By R. A. S. Macalistbr. 

The paper consists of brief notes on tatu, native feasts, marriage ceremonies, 
and other details in the daily life and customs of the Fellahin. 


5. Bepori on the Ethnological Survey of Canada , — See Reports, p. 409. 


G. Bekanaxvidehy the Law-giver of the Caniengahakas,^ 

John Ojijatkkiia Brant SkRO. 

The author, himself a Canadian Mohawk, discusses the significance of the name 
Iroquois, which he derives from Pih : rongwe : ‘ self (t.e., ‘ genuine,’ ‘ real ’) * man,' 
in allusion to the boasted superiority of the Iroquois over their neighbours. He 
recounts the traditional origin of the ancient system of government still in use 
among the Six Nations of Canada, and the symbolic form in which it was handed 
down by its originator, l)ekana%cideh. The* purpose of the gens system ai^ of 
the matriarchal element in the constitution is explained, and their praracai 
workings are described. The paper concludes with an account of the symbolic 
forms of debate which are observed in the great tribal and grand Council, and 
with an estimate of the influence of these institutions upon the Mohawk ideals and 
character. 


7. The Tehuelche Indians of Palagonia, By Heskbth Prigiiabd. 

The author describes the anthropological results of the ^ Express ’ Expedition 
to Patagonia among the Tehuelche Indians, a nomad people living in toldos. 
Their physical characteristics, past history, and cunous customs are de- 
scribed, with details of their marriage customs and of the position of women 
amouB them. The outlines of their religion are given, and their fear of the 
cordilleia is discussed. A description of the Oalichu follows. The native methods 
of hunting, gmnaco^ and of training horses are detailed. The author examines 
the Tehuelches' ideas of distance, and their attitude towards the white man, and 


> Pablishcd in full in Man, 1901, p. 134. 
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concludes by an account of their relations with the traders. A note is added on 
the native mode of burial. 

8. TJie Lengna Indians of the Gran Chaco. By Seymour Hawtrev. 

The author describes the country and the distribution of the l^eng^ua Indians — 
their physical type, language, social organisation, mode of life, industries and 
religion— ;and notes the effects of contact with Paraguayan and European civilisa- 
tion. The paper will be published in full in the ^ Journal of the Anthropological 
Institute,’ vol. xxxi. 

9 . Beport on the Skeat Expeditwi to the Malay Peninsula. 

See Reports, p. 411. 


10. TJie Wild Tribes of the Malay Peninstda.^ By W. \V. Skeat, M.A. 

1. The Malaj Peninsula, its position in S.E. Asia. Distribution of Ilritish and 
Siamese possessions therein. 

2. The wild tribes. Martin’s classification: — 

(a) Dark, frizzly-haired Negrito tribes, called Semang, residing in the northern 
districts. 

(b) Lighter wavy-haired tribes called Sakai, in southern districts. 

(c) Mixed tribes in contact with Malay settlements (also in southern districts). 

3. Description of Semangs (type o) as follows : — 

Height of men, about 4 ft. 9 in. ; women, about 3^ inches shorter. 

Colour of skin, very dark brown, passing into black. 

Head, between long and round (mesaticepbalic) ; forehead, low and rounded, 
projecting over the root of the nose* which is short and very flat or spreading; 
eyes round, open, bright, and straight (not oblique) ; iris, rich deep brown ; lips 
moderate and mouth rather large ; chin Wt little develo^d, and slight prognathism. 

Hfdr very dark brohriflsh-black (never blue-blacK, as among Malays and 
Chinese), curling closely to the scalp. 

4. Description of Sakais (type 6) as follows : — 

Height does not materially difler from that of the Semangs. 

Colour of skin, much lighter than that of the Semangs, with reddish tinge 
about breast and extremities. 

JHejd, long (dolichocephalic ; among the purest Sakai markedly so ; eyes rest- 
lei^ not bright, semi-closed. Face inclined to be long, but broad at the cheek- 
xines, with pointed chin ; elliptical ; forehead flat, but brow often beetling, the 
lotch above the nose being very deep ; nose small, often slightly tilted and broad, 
vith deep-set nostrils ; beard consisting of a few long frizzly chin-hairs, remark- 
ibly lilm that of the Veddas of Ceylon, to whom, at first sight, the Sakai present 
x>nsiderable resemblance. 

Hair, lank and wavy, often worn in a great * shock.’ 

6. Specimens of the types referred to above. 

6. Fnod of the wild tribes mainly vegetable (wild roots and fruits), eked out 
by any sort of animal food procurable. 

7. Hunting and trapping. The blowgun and the bow. The former is a long 

ilender tube or blowpipe composed, when possible, of a single joint or intemode of 
mmboo, over six feet long, wnich, for protection, is inserted in a similar (slightly 
arger) tube or case. Method of using it. Darts, poisoned with the sm of the 
ipas tree ( Antiaris), or the imas creeper (Stryohnos), and made to break on in the 
Biround. Range and efiect of these darts. ) 

' To be published in full in Joum, Anthrop. Inst., vol. xzxii. 
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8. Olothinff of the Wild Tribes.— Cloth manufactur*^ from beaten tree-bark. 
Methods of wearing this cloth. Girdle manufactured Irom the rhiaomorph of a 
fungus. Necklaces and magic coaiba worn in their hair by women as a protection 
against fever and snake-bite, i&c. 

0. Huts and shelters of the wild tribes. — ^The tree-hut, lean-to, beehive* 
shelter, and palm-leaf hut. 

10. Musical instruments, festivals, and songs. The nose-flute. Head-dresses, 
leaf-festoons and leaf-bouquets, said to be worn to entrap demons. 

11. Chiefs and medicine-men. The e-xorcism cf demons. The tiger-m^p, or 
b'liatu 

12. Marriages: the so-called ant-heap ceremony. 

13. Burials : the soul-hut erected beside the grave of the deceased. 

1 4. Ideas of a future life : the moon as the Island of Fruits, as ^ild Man’s 
Paradise. 


11. Anthropological Notes on Sai Kau^ a Siaino- Malayan Village in Hks 
State of Nawnchik (Tojan). By Nklson Annaxdale, B.A,f and 
Herbert C. Robinson. ^ 

12. A Provisional Classification of the Sicords of the Sarawak Tribes.^ 
By R. SiiELFOKD, M . A . 

The short swords or parangs of the Sarawak tribes are divisible into ten 
principal varieties: T\xe parang ilany or inalat of the Kayans, Kenyahs, Kalabits, 
Punaus, and allied tribe.s ; the nialtor^ lanyyai iiwjyang^ jtmpuly and bayu of the 
Sea-Dyaks: the of the Muruts; iheparany petlang of the Malays and 

Miianos ; the latok of the Malays and Miianos ; the buko and the pandat of the 
Land-J)yaks. 

The blade of the parany ilany or malat diflers from all others in being concave 
on the inner side, convex on the outer side; the blade also curves slightly out- 
wards. A zoomorpbic pattern is usually present on the outer side of the blade, 
rarely on the inner side. The back of the blade is shorter than the edge, so that 
the blade appears as if it had been obliquely tnincated': this truncate edge may he 
termed the * slope.’ The character of the slope varies very considerably, and on 
these variations the natives base a complicated classifleation of this type of weapon. 
The handle is usually of stag's horn : it is very elaborately carved and decorated 
with tufts of dyed hair. The sheath is composed of two grooved slats of wood 
(as is also the case in all the other varieties of parangs), tightly bound together 
with lashings of rattan and decorated with hair ; a small bark pocket is lashed to 
the inner side of the sheath, and contains a small knife. 

The viabor is the characteristic weapon of the Sea-Dyaks, The blade is 
strongly curved, and the back and edge pass insensibly to a point, m that there is 
no slope; thert; is a prominent finger-guard. The handle is much flattened 
laterally, and i-* invariably carved witli ii pliyllomorphic pattern. 

The lanyyai tinyyany is practically a niabor with the handle of a parang ilang; 
the term langgui tinggang, meaning the longest tail-feather of a hornbill, is applied 
to this weapon by rea.son of a broad groove which runs along the blade on each 
side, fancifully suppose^ to be featlier-like in appearance. 

Ttiefimpul is of recent origin, and may be considered as a hybrid between 
the langgai tinggang and parang ilang. The blade has flat sides, thus resembling 
the twQupreceding types ot parangs ; out the hack and edge do not pass insensibly 
to a point, but there is a short and abrupt slope. An incised phyllomorphio 
design typically decorates both sides of the blade near its bsertion into the 
handle, but of late years the Sea-Dyaks have taken to copying Kayan and Renyah 
zoomorpbic designs in the ornamentation of their weapons. The handle u of the 
parang ilang type. 

* To be published in full in Jowm. Anthrop, Jmt., vol. xzxi. 
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The hayu is a double-edged sword ; the centre of the blade on each side is 
grooved and ornamented with an incised natterii. 

Thepaiiayun is a long, narrow curved blade, which is never ornamented with a 
design. The handle is invariably made of wood, and is quite characteristic in 
/hape ; the grip of the handle is suppdied hy a cylinder of brass expanding at the 
inscrtioh of the blade into a circular lin, which serves as a finger-guard. 

The parany jJkflanff is largely used in agriculture. The blade is long, very 
strongly cuived, and very broad at the end, tapering rapidly to the point of 
insertion into the handle. The handle is of wood, and of a distinctive shape. 

The latok is characterised by the open angle which the shoulder of the blade 
and the handle form with the rest of the blade. The cutting part of the blade is 
not curved, the back is slighUy shorter than tlio edge, and there is a short curved 
slope. The back is very tbid<, so that the blade is wedge-shaped in section ; the 
shoulder is square or polygonal in section. The weapon is held in both hands by 
tlie handle and shoulder, and forms n very efficient chopping implement. 

The buko iraimilar in shape to the latok, but is a much slighter weapon, and 
the handle is carved in deep relief with a pbyllomorphic pattern, whereas the 
handle of the latok is not ornamented with carving. 

The paudat is the war-parang of the Land-Dyaks : it is remarkable in having 
no handle, the elongated and angled shoulder serving the purpose. A hole passes 
through the middle of the shoulder, and in this is inserted a short cross-piece of 
iron. The termination of the blade is cut with a V-shaped notch, forming a 
re-entering angle ; occasionally the limbs of this angle are produced into hooks and 
projections. The sheath is decorated with tinfoil, on which is hammered 
geometrical and phyllomorphic designs. 


WJP:2)N£SDAY, SEPTEMBEIl 18. 

The following Papers were read : — 

I . Personal Identification: A Description of Dr, Alphonse BertUloifs System 

of Identifying Fugitive Offenders^ called hy him ‘ Le Portrait FarllJ 
^ By William M. Douglas, SupeHntendent of Police^ Glasgow, 

Identification is the basis of all police work, and it is necessary to have a 
system or systems which will meet the twofold purpose of individualising persons 
at large as well as persons in custody. Dr. Alphonse Bertillou, chief of the Judicial 
Identification Service in Paris, has elaborated a system which is divided into 
, tlueo parts, viz., anthropometric signalment, descriptive signolment, and signal- 
ment by peculiar marks. The descriptive signalment is the one by which a 
criminal may be recognised among the multitude of human beings ; the anthropo- 
metric intervenes to establish his identity and reconstitute his previous criminal 
history if be is a lecidivis); ; and the peculiar marks serve to place beyond doubt 
the results obtained by the other two. The groundwork of Bertillou*s descriptive 
system is the selection for description of characteristics which have the most 
fixity in the individual and the most variability in different people, and the 
^application to the descriptive terms of the method of limits of approximation. The 
dewriptive information is divided into three sections: 1. Chromatic characters; 

II. Morphological characters, having special headings on card ; III. Morphological 
characters without special headings. The first embraces the colour of the eyes, 

. shades of beard and hair and complexion ; the second, the forehead, nose, ear, and 

build ; and the third, the lips, chin, contour of head, nature, abundance, and 
Limplantation of hair and beard, eyebrows, eyelids, wrinkles, neck, attitude, 
[general demeanour, voice, language, clothing^ and social status. For the puipose 
|of describing peculiar marks the body is divided into six sections, on each of 
‘vhich there are datum points to locate the marks, the nature, form, dimension, 

1901 . 3 a 
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and direction of which are noted in addition to localisation. The practicability 
of the system for police purposes has beim tested by the writer, and it has boon 
demonstrated that men of ordinary intelligence can master its apparent intricacies 
and apply it successfully. 

• 

2, ^otfis on f/ie Proposed Ethnographic Survey of India. “ Jiy AV. Orooke. 


3. Horn and Bone. Implnnents found in Ipsnnch, 

By Mias Nina F. Layard. 

These implements of horn and hone found in Ipswich came from several parts 
of the towm, and from various doptlis. 

Among the out anth'rs is one from the bt^d of the river Orwell, which resembles 
the horn.picks exliibited in the CJuildhall Museum. 

The rest of the examples shown, though et*rtainly suggestive of a pick, an^ 
perhaps t(K> awkward for this use, though iu one case tlie tip has been sharpened. 

Ten of these horns (eight of them cut) were found lying together at n depth of 
5 to t) feet in one of th»‘ main streets of Ipswich. Among them is a veiy rude 
knife-liandh‘. 

All tin? horns already mentioned appear to he of much more recent date tlian 
four others which were found in gravel at a depth of 2'tl fe(*t, of which, however, 
1:? f»*et were of made-up earth. 

In otlier parts oi' the same excavations numerous Komaiio-British relics were 
fllscovered, hut at a much higher lev*d, and always iu dark earth. 

Other implements from tlie same gravel w't're exhibited, ami also a largo antler 
found with a skeleton beside wliich lay a portion of a Saxoii comb. These >ver»j 
fouml quite separate from thr* rest, 4 feet below tho surface of the gr*>uiid. 

.V juiir of hone skates, found in (College Street, Ipswich, was also shown b<*low 
the foundations of some very old houses that w'ere being pulled down, at a depth 
of 10 feet, in the old river l>ed. 


4. Hints of Emlution in Treulition, By David MacRitciiie. 

The author quotes the recent discoveries of pithecoid men in Central Africa, 
and infers from this instance that similar undeveloped types of mankind may have 
survived in other parts of the world until comparatively recent times. In support 
of this view he quotes the Welsh tale of Kilhwvh and O/w cw, with its descriptions 
of arboreal j)rogres.sion and of hairy men. Tlie ‘ half men ' of the same tale he 
compares with tlie Scandinavian Mialf-trolls' and with tho Jlalrrrmann^etfPti^ * 
Flemish tradition. Shakespeare’s conception of Caliban hi* regards as founded 
upon similar reminiscences , while the medimval descriptions of * Ogres * are 
largely based upon traditions of the * Cgriaii ’ Ifuns, with projecting canines and 
cannibal propensities. 

Other instances of simian traits preserved in popular tradition are :“-(!) The 

♦ xcessivelyr long arms attributed to the Scandinavian dwarfs and to the Piets of 
the Scottish Border. (2) 'fhe excessive hairiness of the ‘ satyrs ’ of classical and 
liiblical tradition, and of the Northern * brownies’ (c.y., in Isaiah xxxiv. 14 the 
i feb. mgyiir == LXX. trdrvpoi - Vulg.,/u7oj»M« A.A’', satyr (in Isa. xiii. 21 the Bishops* 
Bible and Rogers have njoe) = fertodyree^ ‘ brownie,* in the Matix-Gaelic version of 

' wild man,’ in other Oaelic versions). (Jotnpare the simian 
])laCe-names Ajfenhcrg^ Affmthal, &c. (3) Tho small stature of many apes and of 
the .<\/rican nygmies is paralleled by the Welsh nar (» either ' pygmy ^or ‘ape ’) 
and the Gaelic abhaOf and by the descriptions of the ‘ brownies ^aiid other ‘ little 
]K»ople.’ (4) Tho infrahuman stupidity of very low races ; by that of tho ScottBh 

* brownie ’ ; by w'ords like Gael, amadan, for a ‘ changeling ’ ; by the Bngllsh 

. elf^ Fr. and the Old German iilp ( - elf), aetined by Grimm as ‘ an 
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awkward, fellow, one wliom the elves have been at ’ ; and by the Gothic tmbo. 





5. i%tc, Beligm, aiid Science. Jhj J. 8. Stuart Glennie. 


On Wednesday, September 11, the Committee n‘solved that the following 
letter of congratulation be addressed to Professor Uudolf Virchow on the occasion 
of bis eightieth birthday:—' 

BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 

The Seetm of Anthropeiegii to Professor Rudoip Virchow. 

It seldom fiills to the lot of one man to csl.ablisb a position as you have done as 
a Icailcr in two great branches of Science. Throughout the world you are generally 
lecugiiisedaslhe founder of Modern Pathology, whilst in the domain of Anthro* 
pology your services have been hardly less rem.arkable. Wherever anthropologists 
juet’i together your name is mentioned with the respect and reverence that are due 
to a great master. 

At the present moment the British A.ssociation for the Advancement of Science 
is holding its annual meeting in Ghisgow, and the members of the Anthropological 
.Section, aware that you celebrate your eightieth birthday on October 11, desire to 
convey to you their affectionate greetings, .and to e.\-press the hope that you may bo 
K|)ared to add yet farther to the indebtedness which they owe to you as a worker in 
the same Held. 

Signed on behalf of the Committee of the Anthropological Section. 

1). J. CusxiXGiiAM, Pretident. 

J. L. Mybes, Bccerder. 

Glasgow, September 11, lUOl. 

' The Address was presented by lord Lister to Professor Virchow at the Celebra* 
lion which was held in Beilin on October 14. 
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Sectiox I.— physiology (including Expeiitmextal Pattiologv and 
Expehimentai^ Psychology). 

President op the Skcttox— Professor John G. ]\rrKBNr)RTCK, M.I)., LL.D., 

F.ll.S. 


THURSDAY, SEPTEHRKR 12. 

The President delivered the following Address : — 

WiiEX the British Association met in Glasgow twenty-five years ago I had 
the honour of presiding over Physiology, ’which was then only a sub-section of 
Section P. The progress of the scionct? during the quarter of a century has bee» 
such as to entitle it to the dignity of a Section of its own, and I feel it to be a 
great honour to be again put in charge of the subject. While twenty-five years 
form a considerable portion of the life of a man, from some points of view they 
constitute only a short pciriod in the life of a science. But just as the growth 
of an organism does not always proceed at the same rate, so is it with the growtli 
of a science. There are times when the application of new methods or the pro- 
mulgation of a new theory causes rapid development, and. there are other times 
when progress seems to be slow. But (wen in these quiet periods there may bo 
steady progress in the accumulation of facts, and in the critical survey of old 
questions from newer points of view. So far as physiology is concerned, the last 
quarter of a century has been singularly fruitful, not merely in the gathering in 
of accurate data by scientific methods of research, but in the way of getting a 
deeper insight into many of the problems of life. Thus our knowledge of the 
phenomena of muscular contraction, of the changes in the secreting cell, of the 
interdependence of organs illustrated by what we now spo^ik of as internal Seert-- 
tion, of the events that occur in the fecundated ovum and in the actively growing 
cell, of the remarkable process(\s connected with the activity of an electrical 
organ, and of the physiological anatomy of the central nervous organs, is very 
different from what it was twenty-five years ago. Our knowledge is now more 
accurate, it goes deeper into the subject, and it has more of the character of 
scientific truth. For a long period the generalisations of physiology were so 
vague, and apparently so much of the nature of more or less happy guesses, that 
our brethren the physicists and chemists scarcely admitted the subject into the 
circle of the sciences. Even now we are sometimes reproached with our inability 
%o give a complete solution of a physiological problem, Such as, for example, what 
happens in a muscle when it contracts ; and not long ago physiologists were 
taunted by the remark that the average duration of a physiological theory was 
about three years. But this view of the matter can only be entertained by those 
who knbw very little about the science. They do not form a just conception of 
the difficulties that surround all physiological investigation, difficulties tar tran- 
scending those relating to research in dead matter ; nor do they recollect that 
many of the more common phenomena of dead matter are still inadequately 
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explained. Wlla^, for example, is real nature of elasticity ; what occurs in 
dissolving^a little sugar or common salt in water ; what is electrical conductivity ? 
In no domain of science, except in mathematics, is our knowledge absolute ; and 
j)hysiology shares with the other sciences the possession of problems that, if I 
• may use a paradox, seem to be more insoluble the nearer wo approach their 
solution. • 

The body of one of the higher animals — say that of man — is a highly complex 
mechanisuf^ consisting of systems of organs, of individual organs, and of tissues. 
Physiologists have been able to give an explanation of the more obvious pheno- 
mena. Thus locomotion, the circulation of the blood, respiration, digestion, tho 
mechanism of the senses, and the general plienomima of the nervous system have 
nil been investigated, and in a general way they are understood. The same state- 
ment may bo made as to the majority of individual organs. It is when we come 
to the phenomena in the living tissues that we find ourselves in difficult ics. Tho 
changes happening in any living cell, let it be a connective tissue corpuscle, or a 
secreting cell, or a nerve-cell, are still imperfectly understood ; and yet it is upon 
tliese changes that the phenomena of life depend. This has led the more thoughtful 
physiologists in recent years back again to the study of the cell and of the simple 
tissues that are formed from cells. Piirther, it is now recognised that if wo are to 
give an adequate explanation of the phenomena of life, wo should study these, 
not in the body of one of the lower organisms, ns was at one time the fashion, 
whore there is little if any ditferentiation of function — the whole body of an 
amoeboid organism showing capacities for locomotion, respiration, digestion. See . — 
but in the s])ecialised tissue of one of tho higher animals. Thus the muscle-cell 
is specialised for contraction, and varieties of epithelium have highly specialised 
functions. 

But when cells are examined witli the highest microscopic powers, and with the 
aid of tho highly, elaborattul methods of modern histology, we do not seem to have 
advanced very far towards an explanation of the uliimate phenomena. There 
is the same feeling in the mind of tne physiologist when ho attacks the cell from 
the chemical side. By using large numbers of cellular elements, or by the more 
modern and fruitful* methods of micro-chemistry, he resolves the cell-substance 
into proteids, carbohydrates, fats, saline matter, and water, with possibly other 
substances derived frorfi the chemical changes happening in the cell while it was 
alive ; but he obtains little information as to how these proximate constituents, as 
they are called, aro built up into the living substance of tho cell. But if we con- 
sider the matter it will be evident that the phenomena of life depend on changes 
occurring in the interactions of particles of matter far too small oven to be seen by 
the microscope. The physicist and the chemist have not been content with the 
investigation of largo masses of dead matter, but to explain many phenomena they 
^ovojiad recourse to the conceptions of molecules and atoms and of the dynamical 
uiws that regulate their movements. Thus the coucejition of a gas .ns consisting of 
molecules having a to-and-fro motion, lirst advanced by Krdnig in 18 o 6 and by 
Clausius in IS*")?, has enabled physicists to explain in a satisfactory manner tho 
general phenomena of gases, such as pressure, viscosity, diifusion, Sec. In physio- 
logy few attempts have been made in this direction, probably because it was felt 
that data had not been collected in sulHcieiit numbers and with sufficient accuracy 
to warrant any hypothesis of the molecular structure of living matter, and 
physiologists have been content with the microscopic and chemical examination of 
cells, of protoplasm, and of the simpler tissues formed from cells. An exception to 
this general remark is the well-known hypothesis of Du Bois-Keymond as to the 
existence in muscle of molecules having certain electrical properties, by which ha 
endeavoured to explain the more obvious electrical phenomena of mflscle and 
nerve. The conception of gemmiiles by Darwin and of biopliors by Weismann 
are examples also of a hypothetical method of discussing certain vital phenomena. 

Of all the properties of living matter aasimilation must no doubt be regarded 
as the most fundamental. On it depend all vital phenomena. Many physiologistsT 
have endeavoured to give an explanation of assimilation by comparing it with 
crystallisation. But the two processes are very different. The crystal grows by 
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the addition of nevir molecules to its surface, but tbe molecules have already been 
formed in the solution in which the crystal grows. The molecules are rot formed 
by the crystal ; they are simply added to it by a physical force. But assimilation 
is a different phenomenon. Like a crystal, living matter grows in a nutritive 
medium, but the molecules which cause the growth do not already exist in the 
medium. The living matter does not increase by the additjon of molecules 
already made, but by the creation and absorption of new molecules. Other 
physiologists have attempted to explain assimilation by osmotic aO«ipn. But 
osmosis is a purely physical phenomenon. When a substance traverses an organic 
membrane, it does not become a new substance. There is no change in its con- 
stitution. While osmotic action must undoubtedly perform an important role in 
the phenomena of assimilation, as we see it in all growth, it cannot fully explain 
it. But if assimilation is au action of a chemical nature, we can suppose that the 
molecules of the living matter in certain conditions split up and then act on the 
molecules of the nutritive medium, detaching atomic groups from these molecules 
and combining with them to form new molecules similar to those of the original 
living matter, hut possibly not absolutely alike. 

Physiologists, however, b<ive often endeavoured to find the cause of assimilation 
in morphological structure, the structure of the living substance and of the cell. 
But when we inquire into its nature we find it to be essentially, one might almost 
say exclusively, a chemical phenomenon, and a chemical phenomenon cannot be 
explained by morphological structure. A chemical phenomenon depends on the 
molecular structure and affinities of the atoms of matter in which the phenomenon 
occurs. Assimilation is not determined by tbe physical or structural character of 
protoplasm, or of the cell, or any part of it, but on the chemical constitution of 
living matter, that is to say upon the structure of its molecules. This view of 
the subject has led some thinkers, and notably Ermano Giglio-Tos of Turin, in a 
remarkable book entitled * Les Problemes de la Vie,^ to form the conception of a 
biomolecule, or living molecule, that is to say the smallest quantity of living 
matter that can exhibit some of the chemical phenomena of life, such as respiratory 
exchange, the function of chlorophyll, the starch-forming function, and functions 
of disassimilation and secretion. » 

Living matter, when examined by the highest powers, presents some of the 
characters of au emulsion ; that is to say, it is composed of minute particles with 
fluid matter between them. These minute particles, built up of biomolecules, 
have been termed by Tos biomo7ies, Biomones, in their turn, form biomonada or 
bioplasm, or molecular or granular protoplasm, and this again forms the cell. It 
may be said that these terms are only new names for things that have been long 
recognised, but it subserves clear thinking to decide upon common terms which all 
may use. The cell theory undoubtedly has served its day, but it is remarkable 
that as cytology progresses the physiological importance of different parts of tljg^ 
cell seems to diminish, and it is necessary to give to the constitution of living' 
matter a much wider and more general explanation. The conception of a biomone, 
that is a minute particle, showing the chemical phenomena of life, enables one to 
understand how vital phenomena may be manifested without, for example, the 
existence of a nucleus. The granules in protoplasm, or, as Tos terms them, 
biomonads, are built up of biomones — and one can conceive that the little colony is 
symbiotic ; that is to say that each part is necessary, and each part co-operates with 
the rest. But when we come to the ultimate analysis, the distinctive character 
of different kinds of protoplasm, or cytoplasm, or archoplasm, or corpuscles — call 
the material by any name the most convenient and expressive, depends on the 
chemical nature of the substance. 

These*remarks are all in the direction of showing that as research progresses, 
and ^s we get a deeper insight, we find that the phenomena of life are never found 
in structureless matter. It may appear to he morphologically structureless, even 
to the highest powers, but in a molecular sense it is structural. The progress of 
histology also points in the same direction. How often, in former years, were 
we in the habit of describing appearances in tissues as structureless or 'finely 
molecular,’ which we now know, by better methods shows numerous details of 
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structure ! Think of all the phenomena of karyokinesis, of the changes in the 
chromatin that have been observed in cells, of the hbrous structure of the so-called 
grey matter of the nerve centres, of the complicated appearances seen in nerve 
cells, and indeed in almost all cells. Then progress has been made in the investiga- 
, tion of the chemical constitution of cells. The new school of what one may call the 
* micro-chemists — and 1 need only mention the name of Dr.Maccallum, of Toronto, 
as an example o^a worker in this difficult department of science — seems to me to 
be worthy *of the attention of all the younger physiologists. 1 have a strong 
belief that a careful investigation of the chemical constitution of cells and of living 
matter, conducted by micro-chemical methods, would be of great value, and might 
throw some liaht, not only on the nature of living matter, but on the pathological 
changes in cells on which disease depends. Morphological examination seems to 
have been carried nearly as far as it can go ; and here I would mention 
the morphological examination of malignant tumours, and what is now needed is 
the detection of those subtle chemical changes that lie far beyond the province of 
the microscope. 

The conception, however, of the existence in living matter of molecules has not 
escaped some astute physicists. The subject is discussed with his usual suggestive- 
ness by Clerk Maxwell in the article Atom in the * Encyclopaedia Britannica ^ in the 
volume published in 1876, and he places before the physiologist a curious dilemma. 
After referring to estimates of the diameter of a molecule made by Loschmidt in 
1866, by Stoney in 1868, and by Lord Kelvin (then Sir W. Thomson) in 1870, 
Clerk Maxwell writes : — 

* The diameter and the mass of a molecule, as estimated by these methods, are, 
of course, very small, but by no means infinitely so. About two millions of 
molecules of hydrogen in a row would occupy a millimetre, and about two 
hundred million million million of them would weigh a milligramme. These 
numbers must he considered as exceedingly rough guesses ; they must be corrected 
by more extensive and accurate experiments as science advances ; but the main 
result, which appears to be well established, is that the determination of tho mass 
of a molecule is a legitimate ohject*of scientific research, and that this mass is by 
no means immeasurably small. 

* Loschmidt illustrates these molecular measurements by a comparison with the 
smallest magnitudes visible by means of a microscope. Nobert, ne tells us, can 
draw 4,000 lines in the breadth of a millimetre. The intervals between these lines 
can be observed with a good microscope. A cube, whose side is the 4,000th of a 
milliirietre, may be taken as the minimum visible for observers of the present day. 
Such a cube would contain from 60 to 100 million molecules of oxygen or of nitro- 
gen ; but siuce the molecules of organised substances contain on an average about 
fifty of the more elementary atoms, we may assume that the smallest organised 

jartigle visible under the microscope contains about two million molecules of 
organic matter. At least half of every living organism consists of water, so that 
the smallest living being visible under the microscope does not contain more than 
about a million organic molecules. Some exceedingly simple organism may be 
supposed built up o? not more than a million similar molecules. It is impossible, 
however, to conceive so small a number sufiicient to form a being furnished with a 
whole system of specialised organs. 

* Thus molecular science sets us face to face with physiological theories. It 
forbids the ph 3 ^siolo^ist from imagining that structural details of infinitely small 
dimensions can furnish an explanation of the infinite variety which exists in the 
properties and functions of the most minute organisms. 

* A microscopic germ is, we know, capable of development into a highly organise,d 
animal. Another germ, equally microscopic, becomes when developed ar/ animal of 
a totally difierent kind. Do all the differences, infinite in number, which distin- 
guish the one animal from the other arise each from some difference in the structure 
of the respective germs P Even if we admit this i^s possible, we shall be called upon 
by the advocates of pangenesis to admit still greater marvels. For the micre- 
sc^ic germ, according to this theory, is no mere individual but a representative 
body, containing members collected from every rank of the long-drawn ramification 
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of the ancestral tree, the numher of these members being amply sufficient not 
only to furnish the hereditary characteristics of every organ of the body and every 
liabit of the animal from birth to death, but also to afford a stock of latent 
geinmules to be passed on in an inactive state from germ to germ, till at last the 
ancestral peculiarity which it represents is revived in some remote descendant. 

‘ Some of the exponents of this theory of heredity have attempted to elude the 
difficulty of placing a whole world of wonders within a body^^so small and so 
devoid of visible structure as a germ by using the phrase structureless germs. 
]Now one material system can differ from another only in the configuration and 
motion which it has at a given instant. To explain differences of function and 
development of a germ without assuming differences of structure is, therefore, to 
admit that the properties of a germ are not those of a purely material system.’ 

The dilemma thus put by Clerk Maxwell is (first) that the germ cannot be 
structureless, otherwise it could not develop into a future being, with its 
thousands of characteristics; or (second) if it is structural it is too small to 
contain a sufficient number of molecules to account for all the characteristics that 
are transmitted. A third alternative might be suggested, namely, that the germ 
is not a purely material system, an alternative that is tantamount to abandoning 
all attempts to solve the problem by the methods of science. 

It is interesting to inquire how far the argument of Clerk Maxwell holds good 
in the light of the knowledge we now possess. First, as regards the minimum 
visihlo, Tho smallest particle of matter that can now be seen with the 
powerful objectives and compensating eyepieces of the present day is between 
the .iooWtt inch, or of a millimetre in diameter, 

that is to say, five times smaller than the estimate of Helmholtz of of a 
millimetre. The diffraction of light in the microscope forbids the possibility of 
seeing still smaller objects, and when we are informed by the physicists that tho 
thickness of an atom or molecule of tho substances investigated is not much less 
than a millionth of a millimetre, we see how far short the limits of visibility 
fall of the ultimate structure of matter. 

Suppose, then, we can see with the highest powers of tho microscope a 
minutb particle having a diameter of a millimetre, it is possible 

to conceive that some of the phenomena of vitality may he exhibited by a 
bodj^ even of such small dimensions. Some of the objects now studied by tho 
bacteriologist are probably of this minute size, and it is possible that some may 
be ^ so small that they can never be seen. It has been observed that certain 
fluids derived from the culture of micro-organisms may be Altered through special 
filters, so that no particles are seen with the highest powers, and yet those fluids 
have properties that cannot bo explained by supposing that they contain toxic 
substances in solution, but rather by the assumption that they contain a greater 
or less number of organic particles so small as to be microscopically invisible.^. 

* The evidence upon this x>oint is derived from xiathological sources. I am 
indebted to my friend Dr. James Ritchie, of the Tatliological Institute of Oxford, 
for the following notes : 

Notes on Organisms too small to Vo seen hy the Microscope. 

The filters used in the work ijerformed in the investigation of such organisms are 
f)f several kinds and patterns. They .'ire tubes or solid cylinders made of either 
(fsr) kieselguhr as in the Bcrkefeld filter, or (6) of unglazed porcelain as in the 
Chamberland and Kitasato lilters. They arc of varying degrees of porosity accord- 
ing to the fineness of the material used. The most porous, i.e., those which will 
let tbroughf-the largest particles, are the Bcrkefeld ; next comes the Chamberland 
‘ F ’ pattern ; next the Chamberland ‘ B * pattern and the Kitasato tubes. All such 
filters are used either by forcing tlie liquid through by pressure or by inserting 
them into^ a filter flask which can be exhausted. The finer kinds will keep back all 
known bacteria. Further, as showing their mode of action, the finer kinds will not 
allow all the constituents of such a Iluid as blood serum to pass through ; a certain 
amount of albumen is kept back. The three diseases which have been investigated 
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The evidence is briefly as follows: micro-organisms produce chemical sub- 
stances or ^oxines which have certain physiological effects ; these toxines cannot 
increase without the presence of micro-organisms ; if, then, the micro-organisms 

, in which there appears to be evidence of the presence of organisms too small to be 
* seen by the microscope are foot-and-mouth disease, the contagious pleuro-pneumonia 
of cattle, and SouAh African horse-sickness. 

(1) Foo^and-mouth BUease . — Loeffler and Frosch * have shown that the lymph 
from the vesicles in the mouth of an infected animal if filtered through a Berkefcld 
filter still in a dose of ^ c.c. killed a calf in the same time as the unfiltered lymph. 
This experiment was controlled as to the impermeability of the filter by infecting 
the lymph before filtration by a culture of a very minute bacterium which did not 
pass through the filter. The highest microscopic power failed to detect anything in 
the filtrate. They found, however, that if the lymph were mixed with a fiuid more 
rich in albumen than the lymph Itself, then the filtrate lost its infectiveness. 

(2) Plewro-pneutnom-a , — Nocard * found that the pleural effusion mixed with water 
if filtered through a Berkefcld or a Ghamberland ‘ F * was still infective, but in such 
watery fluids it was arrested by the Ghamberland * B ’ and by the Kitasato. He - 
further found that there were in the infective filtrate refractile particles, which, 
however, could not be resolved by a magnification of 2,000 diameters, but which he 
considered might be the infective agents. 

(3) McFadyean ^ found that the diluted blood of an infected 
horse could pass through a Berkefeld and through a Ghamberland * F * and still re- 
main infective ; and, further, that if the blood of a horse which had died from this 
infection were filtered through a Ghamberland * 13 ’ it was still infective and killed a 
horse in the same time as the original filtrate. Again microscopically nothing could 
be seen, and again the efficacy of the filters was controlled by mixing the blood to 
be tested with putrefactive organisms which the filter kept back as usual. Xocard * 
in one case says that blood can be freed of this infection by filtration, but 
McFadyean’s experiments are very numerous and so carefully done that this one 
negative instance may be explained by want of susceptibility in the animal used. 

Of course the great difficulty is to be sure that the filters were efficient and had 
no cracks, which such filters are very apt to have, but the work has been so carefully 
controlled that this iwurce of error may be excluded. The remaining source of ob- 
jection is that the pathogenic agent might not be a bacterium but its toxine. The 
most important experimpn{s here are those of McFadyean, who filtered the blood of 
horses infected with filtered blood and found it still infective ; and also those of 
Loeffier, who goes carefully into this question and finds that such an explanation is 
not feasible. The formation of fresh toxine within an animal’s body, apart from the 
actual presence of the bacteria which ordinarily form it, is unknown, and McFadyean’s 
work — where with the second horse’s blood the period of fatal illness was practically 
the same as with similar quantities of the filtrate from the first horse— 1 think, 
clinches the matter. 

•ir • . Fxcerpt from a Letter from Dr, Ritchie, 

The only objection to the validity of thfe experiments I think is that it might be 
a toxino that passes through. I briefly stated [in above notes] an answer to this 
objection, namely, McFadycan’s work, when he inoculated a second horse from the 
filtered blood of a horse that had itself been infected with filtered blood. Now it 
might be urged even against this experiment that such a large quantity of poison 
had been injected into the first horse that even when it had been diluted by all the 
body fluids of that horse, and had been diminished by excretion for the eight or ten 
days of the first horse’s life, there still remained a large quantity, and it was part of 
this that killed the second horse. Now if this wore the case, there evidently must 
have been much less given to the second horse than to the first ; and if this were so, the 
duration of the fatal illness in the second horse would have been much longer. Now* 
this lattcg did not occur. They both died in about the same time. In fact soMifferent 
were the doses given in McFadyean’s different experiments that if it were a toKine 
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are removed by filtration, and if the toxino solution is very much diluted, the 
solution when injected into a living animal should produce a weaker effect than 
when the unfiltered fluid is introduced. This, however, is not the case. The 
filtered fluid, in which no micro-organisms can be seen with the highest powers, 
after some time, acts as virulently and rapidly as an unfiltered fluid, and the infer- 
ence is justifiable that invisible niicro-orgauLsms are still present^ as without these 
it is difficult to account for the persistence of virulence. I am of opinion, there- 
fore, that it is quite justifiable to assume that vitality may be assO(3iated with 
such small particles, and that wq have by no means reached what may be called 
the vital unit when we examine either the most minute ceil or even the smallest 
partk^le of protoplasm that can be seen. This supposition may ultimately be 
of service in the framing of a theory of vital action. 

Weismanii in his ingenious speculations has imagined such a vital unit to 
which he gives the name of a biophor, and he has even attempted numerical esti- 
mates. Before giving his figures let us look at the matter in another way. Take 
the average diameter cf a molecule as the millionth of a millimetre, and the 
smallest particle visible as the 2^^7777 of a millimetre. Imagine this small 
particle to be in the form of a cube. Then there would bo in the side of the cube, 
in a row, fifty such molecules, or in the cube 50 x 50 x 50 - 1 26,000 molecules. 
But a molecule of organised matter contains about fifty elementary atoms. So 
that the 125,000 molecules in groups of about fifty would number = 2,600 

organic particles. Suppose, as was done by Clerk Maxwell, one half to be water ; 
there would remain 1,260 organic particles. The smallest particle that can be 
seen by the microscope may thus contain os many as 1,250 molecules of such a 
substance as a proteid. 

Weibinann^s estimates as to the dimensions of the vital unit to which he gives 
the name of biophor may be shortly stated. He takes the diameter of a molecule 
at ^ millimetre (instead of the one millionth) and he assumes that the 

biophor contains 1,000 molecules. Suppowi the biophor to bo cubical, it would 
contain ten in a row, or 10 x 10 x 10 = 1,000. Then the diameter of the biophor 
would be the sum of ten molecules, or 2r>7) JxrTrTT ^ 10- gTjoVhiTF or of a 

millimetre. Two hundred biophors would therefore measure or o mm. 

or 1 ja (micron = ^7^*5777 ram.). Thus a cube one side of which was I fi would 
contain 200 x 200 x 200 8,000,000 biophors. A huraain red blood corpuscle 
measures about 7*7 /n; suppose it to bo cubed, it would contain as many as 
3,062,2(14,000 biophors. If the biophor had a diameter of xTTTyTjViyTJTJ 
number would be much smaller. 

Now if the smallest partkde that can be seen (577^7777 mm.) may contain 1,250 
mol(3Cules, hit us consider how many exist in a biophor, which wo may imagine as 
a little cube, each side of which is There would then bo five in a 

row of such molecules, or in the cube 5x6x6 = ] 25 molecules ; and if the half 
consisted of water about sixty molecules. ’ ^ 

Let ns apply these figures to the mirnito particles of matter connected with the 
hereditary transmission of qualities. The diameter ’ of the germinal vesicle of the 
ovum is of a millimetre. Imagine this a little cube. Taking the diameter of 
an atom at ^7777^7) 7777 of a millimetre, and assuming that about fifty exist in each , 
organic molecule (proteid, &c.), the cube would contain at least 25, (>00,000,000, 000 
organic molecules. Again, the head of the sperraatozoid, which is all that is 
needed for the fecundation of an ovum, has a diameter of about ^^77 mm. ^Imagine 
it to be cubed ; it would then contain 26,000,000,000 organic molecules. When 
the two are fused together, as in fecundation, the ovum starts on its life with over 
;i5,000,000,000,000 organic molecules. If we assume that one half consists of water, 
then we^ may say that the fecundated ovum may contain as many about 

c 

that h<\ was using the periods of fatal illness ought to have varied, which they did 
not do very much. Taking everything into account, while infection by a toxinc 
tjannot be absolutely excluded, still in the cases of foot-and-mouth disease and horse- 
sickness the experiments I think strongly indicate that it is actually some form of 
life which passes through the filter. 
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12,000,000,000,000 QTgauic moleoulea. The organic molecules we are considering 
are such as build up living matter, namely, proteids, fats, carbohydrates, saline 
substances, and water. There is, however, no satisfactory evidence that they exist 
as such in living matter, and it may be that they are formed whep living matter 
•dies. Thus the molecule of living matter may be a much more complicated 
molecule than ev^ that of such a complex proteid as hminoglobin, so that it may 
contain 10,000 atoms. But even if this were tbc case the fecundated ovum might 
yet contain ^,200,000,000 of such complex molecules. Clerk Maxwell’s argument 
tliat tliere were too few organic molecules in an ovum to account for the transmission 
of hereditary peculiarities does not apparently hold good. Instead of the number 
of organic molecules in the germinal vesicle of an ovum numbering something like 
a million, the fecundated ovum probably contains millions of millions. Thus the 
imagination can conceive of complicated arrangements of these molecules suitable for 
the development of all the parts of a highly complicated organism, and a sufficient 
number, in my opinion, to satisly all the demands of a theory of heredity. Such a 
thing as a structureless germ cannot exist. Each germ must contain peculiarities 
of structure sufficient to account for the evolution of the new being, and the germ 
must therefore bo considered as a material system. 

Further, the conception of the physicist is that molecules are more or less in a 
state of movement, and the most advanced thinkers are striving towards a kinetic 
theory of molecules and of atoms of solid matter which will be as fruitful as the 
kinetic theory of gases. The ultimate elements of bodies are not freely movable 
each by itself ; the elements are bound together by mutual forces, so that atoms 
are combined to form molecules. Thus there may be two kinds of motion, atomic 
and molecular. By molecular motion is meaut ^ the translatory motion of the 
centroid of the atoms that form the molecule, while as atomic motion we count all 
the motions which the atoms can individually execute without breaking up the 
molecule. Atomic motion includes, therefore, not only the oscillations that take 
place within the molecule, but also the rotation of the atoms about the centroid of 
the molecule.’ * 

Thus it is conceivable that certain vital activities may be determined by the 
motion that takes piace in the molecules of what we speak of as living matter. 
It may be different from some of the motions known to physicists, and it is con- 
ceivable that in the stofte^we call living there maybe the transmission to dead 
matter, the molecules of which have already a kind of motion, of a form of 
motion mi generis. The imagination fails to follow the possible movements of 
molecules in a particle of living protoplasm. AVe cannot grasp the wondrous 
* spectacle of the starry heavens with its myriads of orbs all in motion, each motion 
being rigorously determined. But if we could see into the structure of living 
matter, we would find another universe of molecules in movement, and here again 
. jye would also find the rigor of law. On the character and complexity of these 
movements will depend the physical and chemical phenomena manifested by this 
living matter. The chemical irritability of living matter which is perhaps one 
of its most remarkable characteristics, the rapid series of chemical exchanges 
going on between its own parts and between itself and the matter surrounding 
it, the changes in surface tension, in elasticity, and the changes in electrical 
condition, are all in some way associated with tlie moveraeiits of the molecules of 
which it is constructed. It will only be when we have grasped the significance of 
these molecular movements that wo will be able to give a rational explanation of 
the ultimate phenomena of the living state. Just as the physicists of to-day are 
striving towards a dynamical conception of the phenomena of dead matter, so I 
believe the physiologists of to-morrow (a far off to-morrow) will be striving 
towards a dynamical conception of life founded on a molecular physiology. 

I offer these remarks with much diffidence, and I am well awate that cuuch 
that I have said may be regarded as purely speculative, They may, lv)wever, 
j stimulate thought, and if they do ap they will have served a good purpose. Meyer 
writes as follows in the introduction to his great work on ‘ The kinetic Theory cff 


' Meyer, KimHa Theory of Gases, Translated by Baynes, l^ondon, 1899, p. fi. 
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Gases,’ p. 4 : — * It would, however, be a considerable restriction of investigation 
to follow out only those laws of nature which have a general application and are 
free from hypothesis ; for mathematical physics has won most of its successes in 
the opposite way, namely, by starting from an unproved and improvable, but 
probable, hypothesis, analytically following out its consequences in every directionv 
and determining its value by comparison of these conclusions Tvith the result of 
experiment.’ 


The following Papers were read : — 

1. On the Use of the Tclejohone for investigating the Rhythmic Phenomena 
In Mnscle, By Sir John Burdon Sanderson, Bart, P,R,B. 


2. An Experiment on the ‘ Motor * Cortex of the Monkey. 
By Professor C. S. Sherrington, F.R.S. 


.5. Arsenical Pigmentation. By Professor J. A. Wanklyn, M.R,C.S. 

ihe publication of Bunsen’s splendid researches on ^ A New Series of Organic 
(;oinpounds containing Nitrogen as a Constituent ’ was pndaeod bv a very 
ivnuirkable pronouncement in < Poggeud(U*lF’s Annalen ’ in tln^ year 1837. The 
curious liquid known as Cadet’s fuming liquor, and discovered in 1780, had for 
many years been raentioiied in the then current chemical literature, and in 
accordance \yith the views then jirevalent among chemists was l(>ok(‘d upon as a 
compound qt acetic acid with arsenic. Bunsen’s researches . had completely set 
aside that view of the constitution of the liquid, and in bringing his results before 
the chemical 'world Bunsen announced that the com])ounds of arsenic ri‘sembled 
the compounds of nitrogen rather than the compounds of the common metals. 
Carbon, hydrogen, oxygen, and nitrogen had been called the organic elements. 
Bunsen hinted tliat arsenic belonged to the organic elements, and maintained 
that oxide of kakodyl (which exists in Cadet’s fuming liquor) and kakodylic 
acid (which is obtained by oxidising Cadet’s fuming liquor) are organic com- 
pounds in which arsenic has been substituted for nitrogen. 

Tlui utmost diversity prevails among organic compounds containing nitrogen : 
some are virulently poisonous and others are harmless ; some are colourless and 
others are dye-stuffs ; and a liki; diversity is found in the compounds of arsenic. 

On the present occasion t wish to call attention to an organic arsenical com- 
pound, which is a red pigment discovered by Bunsen about sixty years aggi, arvj 
named ‘ Krytrarsin.’ According to Bunsen’s analysis, its composition is expressed 

111 the formula C, II,, As, Ai- ^ ^ i t 

It is described by Jluusen as being very difficult to obtain, being one of the 
oxidation products of kakcidyl ; but the conditions under which it is produced are 
so little understood that from 100 grammes of oxide of kakodyl the yield of 
erytrarsm was only half a gramme. Apparently, however, it would seem that 
t rimes of it are frequently, and perhaps always, formed during the preparation of 

y * 

In a recent^ preparation of kakodyl in an unusual manner in my laboratory I 
have obtained it, and if I am not deceived the yield is not quite so small as when 
-JeaKodyl is produced in the usual way. The solid hydride of arsenic is said to be 
a pink solid. Arsenical films, as is well known, vary greatly in tints ; they may 
b(i ulnck or various shades of brown, and even yellow. Under certain circum- 
stances Jfc woald seem that tirsenic enters into combination with carbon and forms 
a black substance. There is also the 'vO^ell-known yellow sulpliuret. In fine, 
arsenic aim its compounds . afford abundant scope for great variety of coloration- 
111 cases of arsenical pigmentation. 

Kakodyl (which is a compound of carbon, hydrogen, and arsenic) is a liquid 
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wliicli possesses the property of being spontaneously inflammable. At the time 
of its discovery in 1837 hakodyl aflbrded the only known example of a liquid 
■which at 6nce burst into flame on exposure to the air. The gas phosphoretted 
hydrogen (which takes Are spontaneously) was known to chemists, and the solid 
phosphorus was also known. Since the discovery of kakodyl a crowd of spon- 
'taneously inflammable substances have come to light. Twelve years later on — 
1848-1849 — the cingular substances zinc methyl and zinc ethyl were discovered 
in Bunsen’s laboratory by the late Sir EdAvard Frankland ; and after another ten 
years (also in Bunsen’s laboratory) Wanklyn added to the list potassium ethyl, 
sodium ethyl, lithium ethyl, calcium ethyl, and strontium ethyl. 

Spontaneous inflammability implies that the substance exerts chemical action 
ene^'getictdlif and 2vith facility. 

Kakodyl of the year 1837 fired spontaneously, and also combined at once witli 
sulphur, chlorine, bromine, and iodine. But kakodyl did not decompose} water. 
Zinc ethyl (1847-^8) not only combined with all the elements just mentioned, but 
it was powerful enough to decompose water instantaneously. 

Sodium ethyl (1867-58) displayed energy enough to decompose carbonic acid 
itself instantaneously, and at ordinary temperatures. 


4. The Physical Properties of Caseinogen Salts in Solution. 
By W. A. OsBORNK, D.Sc. 


5. Colour Vision. ByV. W. ‘Edridge-Green, M.D.^ F.R.C.S. 

The hypothesis which 1 have brought forward for discussion at this meeting 
is that light falling upon the retina liberates the visual purple from the rods atid 
a photograph is formed. The decomposition of the visual purple by light chemi- 
cally stimulates the ends of the cones and a visual impulse is set up, which is con- 
veyed through the optic nerve fibres 40 the brain. I assume that the visual impulses 
caused by the diflerent rays of light differ in character just as the rays of light 
differ in Avave length! Then in the impulse itself we have the physiological basis 
of light, and in the quality of the impulse the physiological basis of colour. I 
have assumed that the quality of the impulse is perceived by a special perceptive 
centre within the power of perceiving differences possessei by that centre or 
portions of that centre. 


. FEIBAY, SEPTEMBER 13. 

The following Papers were read : — 

1, A Demonstration of Apparatus employed in Researches on the Subject of 
Phonetics. By Professor J, G. McKendrick, F.R.S. 


2. Restoration of Voluntary Movenunt after Alteration of the 
supply by Nerve ‘Crossing^ or A'nasto77iosis. By R. Kennedy, Ai.D. 


SATURDAY, SEPTEMBER 14. 
The Section did not meet. 
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MONDAY, SEPTEMBER 16. 

The Moving Papers were read 

1 . Note on the Action of Oxalates upoti the Nelationship of Calcium Sedts 
to Muscle. By W. BiioniR Bbodie, M . B . r . 

2. Can Solutions of Native Proteids exert Osmotic Pressure f 
By Professor E. Watmoutii Reid, F.R.S. 

3. An Ionic Effect in the Small Intestine. 

By Professor E. Waymouth Beid, F.It.S. 

4. ffas the Spleen a Ilmnopoietic Function ? By D. NoBL Paton, 
Lovkel Gulland, L. J. S. Fowler. 

5. The Measurement of Visual. Illusion. 

By Dr. W. H. R. Rivers. 

TUESDAY, SEPTEMBER 17. 

The Mowing Papers were read : — 

1. Observations unth Gallon’s Whistle. By C. Q. Myers. 

2. Demonstration of a Model showing the Mechanism of the Frog’s 
Tongue. By Profe.s8or Marcus Hartog. 

The Mowing Reports 'were received by the Committee : — 

1. Report on the Micro-chemistry of Cells . — See Reports, p. 445. 

2. Interim Report on the Physiological Effects of Peptone. 

3. The Chemistry of Bone J/amw.— See Reports, p. 447, 
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Section K.— BOTANY. 

President of the Section. — Professor I. Baylby Balfour, D.Sc., F.B.S. 


THURSDAY, 8EVTEMBEH 19. 

The President delivered the following Address : — 

I SHOULD be wanting in my duty, alike to y^oii and to our science, were I at the 
outset of our proceedings to pass over without notice the circumstances of environ- 
ment in which we assemble, to-day. In this, the first year of the century, our 
Section meets for the first time in Scotland, and finds itself housed in this magni- 
ficent Botanical Institute, which, through the energy and devotion of Professor 
Bower, has been added this year to the equipment of Botany in this country. A 
few months ago the Institute was opened in the happiest auspices and with all the 
distinction that the presence of our veteran botanist, Sir Joseph Hooker, supported 
by two other ex-Presidents of the Royal Society — T^iord Lister and Lord Kelvin — 
could give to the ceremony. I am sure we will cordially echo the words of good- 
will that wore spoken on that occasion. It must be to all of us a matter of con- 
gratulation that Botany has now provided for it in Glasgow this Institute both 
for its teaching and for the investigation of its inner secrets, and we may with 
confidence hope tb^ the output of valuable additions to our knowledge of plant- 
life which has marked Glasgow during the tenure of office of its present dis- 
tinguished Professor oi Botany, and in which he himself has borne so large a share, 
will not only continue but will increase in a ratio not incommensurate with the 
facilities that are now provided. 

The subject of my address is the group of Aiigiosperms. I will speak gene- 
rally of some points in their construction from the point of view of their position as 
the dominant vegetation of the earth’s surface at the present time, and more par- 
ticularly of their relationship to water, as it is one which has mucli to do with 
their liolding the position they now have. I wish, however, in the first place to 
refer to 


The Communal Organisation of Angiosperms. 

No fact of the construction of the plant-body that has been established within 
recent years is of greater importance than that of the continuity of protoplasm in 
pluricellular plants. As has been the case with so many epoch-making discoveries, 
we owe our nrst knowledge of this to the work of a British botanist. The de- 
monstration bjr Gardiner of the existence of intercellular protoplasmic connections 
is the foundation of our modern notion of the constitution of the pluricellular 
plant-body and of the far-reaching conception of the communal organisation of 
Angiosperms and of all other Metaphyta.^ It has settled, once and for all, 

• 

^ Metaphyta and its antonym Frotophyia arc well-established names fdt ^oups of 
polyergic and mohergic plants respectively. The recent appropriation bf Mbtaphyta 
as a group name for vasculates, i,e., plAhts derived from the second antithetic 
generation, and of Protophyta for Cellulares, Le,, plants derived from the first anti- 
thetic generation, is unfortunate. 
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phytomeric hypotheses. We now realise that in an Angiosperm the Jiving plurinu- 
cJeated protoplasm is spread over a skeletal support furnished by the cell-chambers 
of shoot and root. The energid of each living cell is connected with the adjacent 
energids by the protoplasmic threads piercing the separating cell-membrane. The 
protoplasm thus forms a continuous whole in the plant. According to their, 
position in the organism the energids become devoted to the formation of special 
tissues for the building up of the various organs. Each one of them, however, 
whilst its actual destiny ultimately determined by its relationships to the others, 
is, so long as its fate as a permanent element is not fixed, a potential protophyte, 
that is to say, it has within it all the capacities of the plant-organism to which it 
belongs. 

Their construction out of this assemblage of protophytes — ^this colonial, or 
perhaps better communal, organisation — gives to Angiosperms their power of dis- 
carding effete and old parts of the plant-lxidy without mutilation, of allowing these 
to pass out of the region uf active life yet to remain without (^mage to the 
organism as part of the body, of renewing and replacing members as required. 
The response of the plant to the various horticultiirnl operations of pruning, pro- 
pagation by cuttings, and so forth is an outcome of this constitution. It is this 
which gives them the power of developing reproductive organs at any part of the^ 
plant-body, to cast them oil* wlien their work is done, and to renew them again and' 
again. This dispersion of the reproductive capacity in the Angiosperm is one of 
the most striking of the properties it possesses, and is perhaps in no way better 
shown than in the development of stool-shoots. There the energids of the cam- 
bium, which normally produce the permanent tissue of wood and bark, and thereby 
add periodically to "the girth of a tree, give origin when the relationships 
are changed by the cutting over of its bole to a callus from which stool-shoots 
arise as new growths, which may ultimately produce flower and reproductive 
organs. 

Another outcome of this organisation of the Angiosperm is its power of 
extension and its longevity. It is potentially imfnortal. How far this expecta* 
tion of life of a plant is realised in nature we have no evidence to show. Possibly 
we may presage the longest life in the case of perennial herbs. Trees and shrubs 
by their exposure in the uir are liable to injury which must militate against long 
life, and yet cases of trees of great age are well known to you all. 

It is this feature of the life of Angiosperms which marks them out sharply in 
contrast with the higher members of the animal kingdom. There we have indi- 
viduality, and consequently comparatively short life. Let me emphasise this. 

Of the Yegetahle Kingdom and the Animal Kvngdmn. 

The rootrdifiTerence between plants and animals ia one of nutrition. Plants are 
autotrophic, animals heterotrophic. 

Whatever has been thcr^rigin of the two kingdoms, we must trace the differ- 
entiation of plants to their acquisition of chlorop%ll as a medium for the absorp- 
tion of the energy of the sun. The imprint of its operation is borne in the 
construction of all higher plants and distinguishes them from animals. The 
vegetativ e mechanism of the plant has been elaborated upon lines enabling it to 
obtain the materials of its food from gases and liquids which it absorbs from its 
environment. For the plant the primary requisite has been a sufficient sjarface of 
exposure in the medium whence it could obtain energy along with the gases and 
liquids of its food. To this end the fixed habit is an obvious advantage, for the 
question of bulk within the limits of nutrition becomes thereby not a matter of 
jhoment*, and an upward and a downward extepsion gives opportunity for the 
creation of a larger expanse of absorptive surface. Thus it has come about that 
the plant-organism has developed that polarity which finds expression in the pro- 
fuse root-system and shoot-system with their localised growing points of the 
highest forms of to-day. That the communal organisation is wml fitted to this 
mode of life requires no exposition. 

The nutritive mechanism of animals, on the other hand^ has become one for 
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tile ingestion of solids which it obtains by preying upon the bodies of plants and 
other animals. The exigencies of its feeding have compelled the adoption by the 
animal of itm habit of locomotion, the development of an apparatus for the capture 
of its prey, and of an alimentary canal for its introduction to the body, for its 
digestion, and for the final ejection of tlie unused matter along with the waste 
*of the body. This has involved the concentration and the specialisation of the 
individual. • 

All this Js, however, to you botanists but the comraonplacii of your laboratories 
and lecture balls. But I have thought that it should be said, because this 
fundamental diflerenco of organisation I^etween the two kingdoms is apt to be 
forgotten in discussions of problems of evolution, more ])articularly those of trans- 
mission of characters and the effect of environment. I’liis is especially so when 
they arc approached from the zoological side. Were the point always recognised we 
should not have zoologists finding similarity between bud-variation in a flowering 
plant and the change in colour of tlie hair of a mammal. 

0/ Origin and Dominance of the Angiospermoiia Type, 

It is now usually, aclniitted that all plauts, like all animals, have been derived 
from aquatic ancestors, and that the trend of evolution Las been in the dii*ectioii 
of the establishment of a vegetation adapted to a life on land. Of this evolution 
the Angiosperms as we see them to-day are the highest expression. Can we say 
anything about the origin of the augiospermous type As the problem presents 
itself to me we can only mark time at present. 

From the geological record w’-e obtain no help. The earliest traces of 
Angiosperms in rocks of the middle Mesozoic period enable us to say little regard- 
ing them except that the fragnumts give (nddence of an organisation as comphite 
as that possessed by the Angiosperms of the ])re.s(‘ni day. The gap between the 
angiospenhous and other ty])es of vegetation is a wide one, and no links arc known. 
Until further research provides specimens in a better stale of preservation and 
showing structure we can hope for little assistance from t.lie geological record ; 
and when we consider the civcumstaiices in ^\bicll.the angiospennous plants as a 
whole grow tlio prosp^'ct of sucli finds do(5S not appear to be very bright. 

T’ho app(‘al to ontogeny likewise gives us little information. Comparative 
study does not establish, cgniieet ion with, only difiereiitiates more and more, the 
types of the JHeridopliytos and (Jymnospernis. ^Tlio strong likeness of the 
l)ro-embryo after the primary sigmentat ion of many Angiosperms to the pro-embryo 
of inany Bryopbytes has appeared a suflicieiit reason to si^me b(ilauists for ascribing 
a bryophytous parentage to the Angiosperms. Indeed it has been said tliat * the 
monocotylous embryo is the direct liomologue of the sporogonium of the moss, the 
cotyledon being Iiornologous with tbo spore-prod no iiig portioi; of this out of whieli 
it originated.’ This anaphytio' conception of tl.v^ monocotylous embryo seems to 
•■Sije to have as little real foundation as the liypothcsis of its origin. The pro- 
embryonic resemblance is interesting, but it may as well be homoplastic as 
genetic. ^ 

But if the iuformatioii available to us does not permit of our building up a 
pedigree for the Aiigiosperins, we are on surer ground when we endeavour to fix 
upon characters which liavi? enabled the group to become established as tlio 
dominant vegetation of onr epoch. Before the era at which we have first know- 
ledge of Angidsperms the earth’s surface was, wo know, clad with a dense vegeta- 
tion composed of members of the various classes of Pteridopliy tes and CTvmnosperms. 
These appear to have existed in all the .growth-forms which we know now amongst 
the An^osperms — Herb, Shrub, Tree, Liane. Yet they are now represented 
amongst living plants by only a few remanent forms. Hordes of distinct fofms and 
whole classes have disappeared, giving place to plants of the angiospermous type. 
There must then be some feature pr features of advantage in this type over.those 
of the groups that previously occupied the ground, aud through which it became 
\ dominant. 

^ considering this point we must bear in mind the well-known climatic 

difTeronces— particularly in the distribution of water— that distinguisheBourepoch 
1901 , ^ 3 H 
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from those in 'whicli these extinct plants throve. The factors which determine the 
success or otherwise of an orjjfauism or g^roiip of orpfanisms at any period must 
always be complex, and no oxceptioii can ho clsinnul for plants in their strup:glo 
for mastery. But looking- at tlio succi'ssioii of plant-life in tho world in relation 
to the known diminution of water-surface and increase of land-area^ and the 
consequent dilforeutiation of climates, we cannot but be convinced that of those 
factors water is one which has had supremo inlhieneo upon thfe* evolution of tlie 
facies of the plant-life that we sei' to-day. I think tlie statement is warranted 
that the Angiosporms liavo hooom*'. dominant in great measure because in their 
construction the problem of the plant’s relationship to water on a land-area has 
been solved more satisfactoi-ily than in the case of tlio groups that preceded 
them. 

The seed-character — and the llower whicli it involves — distinguishes tho 
Angiosperms. What, then, are the relationships to water which the formation of 
seed implies and through which the Angiosperm has advantage ? 

Two prominent, risks in its relation to water attach to the process of sexual 
reproduction in a plant oi* the type of hoterosporous Pteridopliytes. Firstly, that 
of failure of moisture on the soil suflicieut to promote germination of the spores ; 
secondly, that of failure of moisture on the soil suflicient for the passage of the 
spermatozoid to the ovum. In addition there is the risk of failure of the fall of 
microspores and megaspores together upon the soil. In the Angiosperms such 
risks are practically abolished in the formation of flower. The stigmatic surface 
of the style itself provides a secretion — the more copious in a dry and sunny 
atmosphere — to moisten the pollen-grain and stimulate germination, and for the 
spontaneous mov(*ment of the spermatozoid is substituted tho passive carriage of 
tlio male gamete to tho ovum by the agency of the pollen-tubo. Possible failure 
of pollination is, too, ])rovided against by the complex mechanism of the flower in 
the highest forms in relation to insect-visits. The sexual act, then, D)ight., we 
conceive, gradually become more, and more ditliciilt of consummation to the. 
Pteridophyte as IIk* area of dry land increased. To the seod-phint it was more 
secure by its independence of flie presemro of dree water. The failure of p(*rform- 
ance of the function of sexual reproduction may have haste\»ed tho disa]) 2 )earance 
of l*teridopIiytes ludbre the advance of tho Angiosperms. 

Hut if this llower-inecliauism rdii'ves the Angio.sp^nu from risks in tlie per- 
formance of the sexual ncl, it imposes a new duty u]>on tln^ ]>lant , that of nursing 
the embryo Avithin the sporangium. This involves a waler-supply of a kind not 
demanded in the Pterido})]iytes, and wo may gain some idea of the importance of 
this by n compari.son of the trivial vascular system rocjuiri'd to supply through the 
stamen the pollen-grain, with the co]»ious system that tvavorses tin*, gynaiceum for 
the ovules. It is, however, to the ovule — the immediate nursery of the cinbrvo- 
that we luu.st luok for special indications of tlii.s'water-rclationsliip of which 1 
speak. ' 

Perhaps no organ lias given rise to more di.scus.sion than this characteristic out) 
of flowering plants. To most of its I believe the controv(*rsy over its axial or foliar 
nature will bo, in a measurt;, historical only. All recent investigations of sporangia — 
and to no one docs Botany owe more in this respect than toBov/er — tend to confirm 
the view that it i.s, and always has been, an organ ,sui ffenarh. To that category 
the nucellus of the ovule is now pretty generally admitted. It is the body of a 
sporangium. But tho nature of the tegumentary system and of the funicio which 
give tho oviil(5 so distinctive a character is still tho subject of disagreement.* 

I do not share a view which sees in tho integument.s or otlier parts of the ovule 
anything of an axial or of a foliar nature. To me the funicle is a sporaiigiophore-— 

i Scott's discovery or a bracteai investment to the megasporangium in Lepido- 
carpon is an interesting one in relation to the question of the enclosure of sporangia. 
It shows how in the Lepidodendreaa a covering of the sporangium could be developed, 
much in the same way as a carpellary envelope in Angiosperms. Whether the 
ovular integument or the ovarian covering in Angiosperms was the earlier develop- 
ment is open to discussion. I am disposed to give precedence to the ovular coat. . 
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a bporangial stallc — and tho tegumentaiy system is an outgrowth of the sporangial 
primordiiim of somewhat variable origin and development, whose first function it 
is to carry* and store water for the embryo, and then also to servo as a food- 
rtiservoir. The whole construction is adapted to the function claimed for it. Tlie 
well-develo])ed vascular system from the placenta traverses the funicle, but tho 
•subsequent fate of the nucellus forbids its passing through this, and the needs in 
respect of water ^and what it carries) of the embryo and of the other further 
developments that proceed in the embryo-sac are provided for by the production 
of tho togufheiitary outgrowths into which the vascular system may, if necessary, 
ho continued and spread out. 

That the tegumentary covering has this function we liave direct proof in its 
penetration by haustoria, derived either from the embryo itself or from the embryo- 
sac, which absorb from it water and food for the developing embryo. These 
haustoria appear to be much more elaborate and more widespread than has been 
supposed, and a definite correlation has been established in many cases between 
them and the integuments. The thicker the integument the better developed is 
the haustorium. In some ovules where no vascular system appears in the 
integument, the chalazal haustorium is prominent, and it can therefore at once tap 
the main water-supply of the ovule. vVe know also of cellular ingrowths pro- 
ceeding from the vicinity of the vascular system of the raphe to tho interior of the 
embryo-sac, and these, too, may have a conducting function. All these point to a 
water and nutritive function in tho integuments. Tho protective function of thii 
tegumentary system to which attention has been chiefiy directed must be primarily 
only slight. It only becomes prominent as the seed is formed, and then changes 
consonant therewith, and with its changed function, proceed within it. Nor can 
we now, with our increased knowledge of the ways in which the pollen-tube may 
reach the embryo-sac, consider the function of the integuments in forming tho 
micropylai* canal as one of so much importance to the reproductive act as was 
formerly supposed. We obtain, I thhik, a better conception of the ovule in the 
view that the primary function of tho tegumentary system is that of a water-jacket 
and food-store, and that it has been developed in response to the special demands 
for water involved in the seed-habif ’ 

To tlie question ^hy the7’(j are two integuments in some cases and only one in 
otliers we can only reply that our knowledge of ovular structure and changes is 
yet too slight to permit* of a definite opinion being expressed. We find that there 
is a remarkable concurrencii of the unitegminous ovule with agamopetalous corolla 
in the flower, for the character apparently holds for the whole of the gamoi)etalous 
Dicotyledoiies excepting Ih’iraulales. On the other hand, not all Poh’petahn have 
bit(5gmiDous ovules, whilst hitegmeny is usual in iVIonocotylcdonea. Recently the 
character has been used by Van Tieghem as one of prominence in his now classifica- 
tion of the families of Dicotyledoiies. But it is not so constant an ont^ as his 
^ groups- of Unitegmincm and Bitegniinetc would lead one to suppose. The 
degree in which it is inconstant we cannot yet fix, because we know details of so 
few genera. AVe do know, however, that all genera in one family are not always 
alike in respect of it. In Rauunculacete, for instance, the most of the genera wdtli 
radial flowers ai*e unitegminous, whilst those with dorsiventral flowers are 
hitegminous. Again, in Rosacea;, the Potentilho are unitegminous, as is Rosa, 
whilst Pomem and Prunero are hitegminous; and of the Spiraseje, Neillia is 
unitegminous, but the closely allied Spircea is hitegminous.*^ In other cases the 


* To discuss the morphological interpretations of the funicle and integument that 
have been advanced would carry me beyond the scope of this address. 1 do not 
know that an axial hypothesis for any part of the ovule is now maintained. .The foliar 
interpretation of the funicle and integuments as against their sporangial nature is 
supported by two distinct schools of botanists. One approaches the subject frohi the 
standpoint of the anaphytose of the earlier years of last century, and appeals largely 
to teratology; the other from that of vascular anatomy. I do not accept the 
starting-point of either the one or the other. 

^ Spiroea is, however, exalbuminous, 'whilst Neillia is albuminous. 
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character confirms distinctions ; as, for instance, i*i separating the unitegminoiiH 
Jk*tiiloa) and (^orylcic from tho bitegminous Qnoreinem. The explanation of all 
tlies 4 ^ constructions may, I suggest, be sought for witli bolter prospect of success 
in tho water-relationship and food-relat ionship of the integuments to tho embryo 
than ill protective function and relations to pollination. Jt is, perhaps, not without 
significance from this point of view that in, for instance, tlio Gainopetalai sucli- 
protective function as attaches to the tegiimentary system in l^e seed is reduced 
or extinguished through tho development of indehisceiit JVnits, accompanied in many 
Aggregatre and higher J leteromerm by the sinking of the gynieceum hi the torus, 
and in many J3icarpolleta) by its enclosure in a persi ’tent accrescemt calyx. 

All tho information at our disposal seems to indicate that the teguraentary 
system of the ovule is extremely adaptive, and that it s characters are not of them- 
solves of much phyletic import. An extended examination of its characters as an 
organ of tho nature I have depicted in relation to ombryogeiiy is greatly needed. 
It is made all the more interesting by the questions of development of endosperm 
ojjened by the discovery of * double fertilisation.’ There is no more promising field 
or investigation than this, for it must yield results infinitely more interesting 
than the technicalities of formal morphology which have been for too long the 
stimulus to ovular research. I am tempted to go further and to say that it might 
supply an explanation of that most puzzling of subjects, the forms and curvature 
of the ovule. The common assumption that these have relation to pollination and 
make the advent of the polleii-tuhe at the micropyle easier is not altogether satis- 
factory. For the curvature not infrequently seems to place the micropyle in a 
po.sition the opposite of favourable, and there is an absence of curvature m cases 
where it would appear to be desirable. 

I will not dwell upon the subject of the seed itself as an advantage to the 
Angiosperm. Its construction follows upon the successful water-relation pre- 
viously secured. AVe all know how its manifold adaptations to dissemination 
bring about its fortuitou.s deposition upon various soils, and the embryo is placed 
well guarded within tho seed-coat ready to take advantage of tho moment when 
moi.?ture is sufficient for its germination. 

Whilst the seed-habit is the character which has primarily given to Angio- 
sperms their advantage as a land-type,’ their vegetative cv.gans also show an 
advance in their relationship to water upon those of the forms they have sup- 
planted. I have already remarked that the growth-formj of the vegetation of the 
present day are the same as those of old. That means that the early as well a.s 
the later groups of vegetation liave solved in much the same way, so far as general 
form is concerned, the problem of the exposure in the atmosphere of a large 
assimilating area with a sufficient mechanical support and adequate water-suppl}'. 
That wherever a water-carrying system is found in the.se growth-forms it dominates 
the anatomy is witness to tho importance of tho water-relationships I wish to 
emphasise. 

There are two features in the water-carrying system of Angiosperms in which 
they are superior to tho older types — namely, their general m'onostely and their 
vasa. 

No one will contest that polystely is a less perfect meclianism for water-carriage 
in a ma.s.sive plant than is monostely. Tho limitation imposed by it to an incre- 
ment ill the area of carriage contrasts unfavourably with tho openness in this 
respect possessed by mouostcly. In the moister climatic conditions of the flge of 
domination of Pteridophytes polystely may have well sufficed for the water-needs 
of the plants, especially of the dwarfer forms ; but even then, as we know, mono- 
stoly was the habit in many of the larger tree-forms, and the development of a 

* Gymrosperms, sharing with Angiosperms the seed-habit, have in that had 
advantage over Pteridophytes. But their flower-mechanism is much less perfect. 
The reasons for their being bested as a class by Angiosperms must be complex. 
Gymnosparms, as a whole as we know them, are less adaptive than Angiosperms. 
The decadence of the cycadean line of descent may have been helped by their con- 
servatism in the methods of water-carriage in the vegetative organs. The coniferous 
type has held its own in the Northern Hemisphere. 
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cambium enabled them to provide for continued additions to their carrying system. 
Where such monostely and secondary growth occurred in these older types their 
adaptation in these respects to water-carriage was on lines similar to those of our 
dominant Dicotyledpncs and was effective in giving them dominance in their 
*epoch. There is no more interesting page in the history of evolution than that — 
and we owe it. in4arge measure to the labours of Scott and Seward — upon which 
is depicted ^the struggle of some polystelic forms amongst these old plants t«» 
achieve the structural facilities more easily attained through monostelic construc- 
tion. The existence of polystciy in a few Angiosperms only confirms the advantage 
which the whole group has derived from its monostely. Such polystelic forms 
amongst them as wo know have many of them special water-adaptations, and in 
no case can they be said to be progressive types. 

1 do not need to remind you that vasa are not the exclusive possession of the 
angiosperraous type, hut they are the conspicuous feature of their carrying system, 
whilst the tracheid is the leading one in the older type of vegetation. All ana- 
tomical evid(ince indicates that vasa give greater facility to rapid transport 
of water than do other elements, and we may, therefore, conclude that they have 
been adjuvants in enabling the Angiosperm to meet effectively the demand made 
upon it by the drier atmospheric conditions. 

I now pass on to consider from the same standpoint the classes wliich make up 
file group of Angiosperms. 

Of the Classes of Angiosperms, 

There has been for long a general recognition of two classes amongst the 
Angiosperms — Dicotyledones and JMonocotyledones— separated one from the other 
by definitive characters which I need not specially depict here, llocently, how- 
ever, we have seen an attempt made by Van Tieghem to establish another (rla^s — 
that of Liorbizal Dicotyh'doues — for which is claimed a rank equal to that of the 
Dicotyledones and Monocotyledones. Were this valid it would be a matter of 
supreme importance, for whatever be the relationship between Dicotyledones and 
Monocotyledones tbdte can be no doubt of their having developed as distinct 
groups within the whole period of which we have knowledge of them, and the 
existence of a third class* iiftermediate or outside of them miglit lead to interesting 
conclusions. It is worth while, therefore, to consider the evidence on which this 
class is founded. It includes two of our recognised families —the Nympha;aceno 
and the Gramine®. 

What is the exact position and the affinities of tho Nymphtcaceie amongst 
Angiosperms is no new theme of discussion. That they have characters resem- 
bling those of Monocotyledones^ has been often insisted on. Van Tieglieiii 
Jays strws on wbat he considers the monocotylous differentiation of the root-apex 
and the derivation of the piliferous layer from the same raeristem-initials as the 
cortex, whilst in the embryo he finds the two cotyledons of Dicotyledones. But 
the most recent observations of tho embryogeny of the family go to show that the 
embryo is that of the monocotylous plants, the apparent dicotyloiis character 
being the result of the splitting of one cotyledon. If this bo so the position of 
Nyinphmace® will bo amongst the Monocotyledones, a position the root-characters 
in Van Tieghem’s view will support. But whether this be confirmed by further 
research or no — and a complete reinvestigation of their embryogeny and develop- 
ment is much wanted — what we may say at present is that it. is not in features 
such as this one of the root-apex — which is, after all, not so simple and uniform 
as Van Tieghem would have it — that we are likely to find phyletic diagnostic • 
characters of groups. * 

The reason for the inclusion of the Oramine® in this new group is •the 
assumed presence of a second cotyledon. The construction of the embryo of grasses 
is peculiar, as is well known, and has for a long time been a main support of the 

* The anatomical characters upon which this resemblance was chiefly based arc 
now known to be of another nature. • 
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liypotliesifl that the Monocotyledones are derived from the Dicotyledones ; for 
here alone, since the dicotylous character of forms like the Dioscorero Was shown 
to be untenable, was there a structure which could be interpreted as evidence of 
a reduced second cotyledon. The idea that the epiblast is such a structure was 
enunciated by Poiteau at the beginning of the last century, and along with' 
hypotheses of the nature of the other parts of the grass-embryo -lias been a subject 
of vigorous discussion since that time. The controversy is not yet closed. Whilst 
w(^ have Van Tieghem now adopting the view of the cotylar nature^ of the epi- 
bhist and using it as a character of fundamental ta‘.x:onomic importance, we liave 
others who as strongly uphold the interpretation of it, first formulated by 
Oaertner, as a winged appendage of the soutcllnin, which is considered to be the 
C'otylar lamella. And, again, there arc those who take tlio view that it is a mere 
outgrowth of the hypocotylar body of the embryo and without any cotylar 
homology. Our interpretation of the part must depend primarily upon the stand- 
point from which we view the embryo of Angiosperms. This 1 shall discuss 
presently. All I need say here, (H propoB of the class of Liorhizal Dicotylcdoues, is 
that w'halever the epiblast be — and for my part I am disposed to regard this 
simple cellular structure as merely an outgrowth with a water-function from the 
embryonal conn — a dispassionate consideration must lead us to hold that it is a 
bold step to use a character the morphological value of which can bo so variously 
interpreted as one of primary importance for separation of a group of Angiosperms. 
MoreoviT, we must remember that the feature of the epiblast is not one of uni- 
vtu’sal occurrence in the Grumineoe. If Ave take a well-defined tribe like the 
Hordete, as framed by Jlentbam and Hooker, we find that of eight of its twelve 
gfMiera Avbich have been examined for this feature five have the epiblast and three 
want it. And surely the fact of its presence in Triticuni and absence in Secale, 
its presence in Elymus and absence in Ilordeum, is strong evidence that the 
epiblast is not a character of such imporlance as it would have Avero it a reduced 
cotyledon as is asserted. 

It appears to me, therefore, that this third class of Angiosperms has no sound 
foundation, no more, perhaps less, than Dictyogens and Khizogeus which appeared 
118 parallel groups with Endogens and Exogens in Lindley^s old classification. 
Our pr(? 8 ent knoAvledge allows the recognition of only two classes of the angio* 
spermous type — the Dicotyledones and tin* IMonocotyledones. 

Of Dicotyledones and Monocolyledones. 

The relationship of these two groups is involved in the origin of the angio- 
spermous type. They may have liad a common origin or they may have arisen 
separately ; and if the former the Dicotyledones may have teen a subsequent 
offshoot from tlie Monocotyledoiies, or the reverse may have been the casif? Eaolw 
of tlieso possibilities has its supporters. Were I to maintain an opinion it would 
bo that the two classes have arisen on separate lines of descent. The embryo- 
characters, as well as those of the epicotyl, can, I think, be shown to be funda- 
mentally different and to afford no basis for an assumed phyletic connection. The 
difference between Ilepaticm and Musci, to take a parallel case in a lower grade, 
are not more conspicuous. The parallel sequence in development in the two 
classes are no more than one would expect, and may be regarded as homoplastic. 
To the question which group is the older I would answer that the Dicotyledones 
are by far the most adaptive and progressive if-— as is not necessarily the case — 
this can be taken as evidence of their more recent origin. This, however, is not 
the matter I intend to discuss here. I wish rather to inquire if there are any 
features broadly characterising the groups to Avliicb, as in the case of Angiosperms 
as k whole, we may look for help to an explanation of the predominance 
at this time of the type of Dicotyledones. I think there are, but they are 
not to be found in the reproductive system. That is constructed on siifli- 
ciently similar lines in each class. The features I refer to are to be found in 
the construction of the vegetative system both in the embryo and in the adult. 
That of the former gives the* dicotylous plant an advantage in its start on life ; 
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that of the latter, both in shoot-system and root-system, is better adapted in 
Dicotyledcjnes in relation to water-supply. 

I specially differentiate the embryo-condition from the adult because in our 
consideration of these higher plants we are apt to overlook the two distinct stages 
• into which their life is divided, and wdiich call for altogether different adaptations. 
There is, firstly, the life in 1 he seed and in germination ; and secondly, there is 
the life after germination. The conditions and the manner of Hie are not alike 
ill th(} twe stages. In the first the plant is heterotrophic, in the second it is 
autotrophic. The functions of tlie portion of the plant which lives the life 
within the seed, and wliich bears tin* incipient epicotyl and primary root as small, 
at times hardly developed, parts, arc^ to absorb food, either before germination, ns 
in exalbumirious seeds, or during germination in albuminous seeds, to rupture the 
seed-coat, and to place tlie ])luniular bud and the primary root in a satisfactory 
position for their growth and suhsequent elongation. The* functions of the adult 
may he summarised as the development and maintenance of a large assimilating 
iiiui absorbing aresi preparatory to reproduction. 

We ought, I think, to loolc upon the embr>o as a protocorm ^ of embryonic 
tissue adapted to a seed-life. Under the influence of its heterotrophic nutrition 
and seed-environment it may develop organs not represented in the. adult plant as 
we see in, for instance, the embryonal intraovular and extraovular haustoria it 
often possesses. There is no reason to assume that there must be homologies 
between the protocorm and the adult outside an axial part with its polarity. 
'J’liere may be homologous organs. Jhit neither iii ontogeny nor in phylogeny 
is there siiHicient evidence to show tliat the parts of the embryo are a i-eduction of 
those of the adult.*'* 

The protocorm has, I hclievo, developed along diffemnt lines in the Dicotyledones 
and Alonocotyledones. This has been to the advantage of the former in the 
provision that has been made for vapid as opposed to sluggish further develop- 
ment. Confining ourselves to the general case, tlie axial portion of the proto- 
corm of the Dicotyledon, the hypocotyl, hears a pair ot‘ lateral outgrowths, 
the cotyledons, and terminates •in the plumular bud and in the primary 
root respectively. •The cotyledons are its suctorial organs, and the hypocotyl 
docs the work oi* rupturing the seed and placing the plumular bud and root by 
a rapid elongation^ which commonly brings the plumular bud above ground, 
protected, it may be, by the cotyledons. These latter may then become the 
first assimilating organs unlilio or like to the epicotylar leaves. In the Mono- 
cofyledones the axial portion of the protocorm has usually no suctorial outgrowths. 
Its apex and iisunlly its base also are of limited growth. The plumular bud is a 
iat(*raJ development, and the primary root often an internal one. The suctorial 
function is performed by the apex of the jirotocorm, termed here also tlu» 


' The term has already been used for the embryo of Orchidca*, where the axis is 
tuberous as is the structure to which the term has been given in Ijycopodincje. But 
tuberousness is not an essential for the designation corm. 

- 1 cannot pursue the subject here, nor discuss the view of the cotyledons as 
either ancestral leaf-forms or arrested epicotylar leaves. Tlie analogies with existing 
Pfceridopliytes that are cited are not pertinent, for there is no evidence that Angio- 
sperms have that ancestry, or indeed that their phylogeny was throiigli forms with 
free embryos. Nor is the fact of resemblance between cotyledons and epicotylar 
leaves and the existence of transitions between them convincing. That the 
cotyledons, primarily suctorial organs, should change their function and become 
leaf-like under the new conditions after germinatleu is no more peculiar than that 
the hypocotyl should take the form of an epicotylar internode, from Wliich it is 
intrinsically different as the frequent development upon it of hyi>ocotyla« buds 
throughout its extent shows. , 

* In relation to this function it is noteworthy that the hypocotyl relatively 
seldom in the exalbuminous seed of Dicotyledones becomes the reservoir of food- 
material, whereas in Monocotyledones the axis of the embryo is the usual seat iff 
deposition. 
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cotylodou.^ Tilt' rupture of the seed and the placing? of the plumule along with 
the primary root— for the axis of the conn does not elongate between. them— are 
the work of the base of the suctorial portion of the corm. 

The whole ari'angemeut in Monocotyledones is in marked contrast with that of 
the Dicotyledoiios. Instead of the free axial elongation begun in the protocorm- 
and continued upwards and downwards in tlie epicotyl and primary root, there is 
limited axial growth of the protoeorni with lateml outgrowth of’ the plunuilar bud 
and arrest of the primary root. These differences in tlie ])rotocorm aia, I think, 
primary, and they point‘to indepeialent origins of tlie two groups. The advan- 
tage lies, as 1 have said, with the Dicotyledones, and we find that the features of 
development of the protoeorni are continued in th»' adult. There is a marked ctm- 
trast between the free iiiternodal growth of tlie shoots of Dicofyledones with their 
copious root-system and tlie contracted stimi-growth and the arrested root-S}\st»‘in 
in Monocotyledones. It is interesting to note further how the inoiiocotyloiis type 
has developed so largely upon restrictinl lines in the way of short rhizomatoiis, 
often tuberous, growth, whilst the dicotylous gives us tlie characteristic growth- 
form tree. 

When w’o compare the tree-typo of the Dicotyledones with tliat of the Moiio- 
cotyledones we see at once the feature I refer to in the adult, which has given the 
advantage to the dicotylous type in respect of its water-supply. In Dicotyledones 
we have a much-branched stem ending witb numerous shoots with long internodes 
and small apices, and bearing many small leaves which are mainly deciduous. In 
the inonocotylous tree, of which we may take the palm as a type, tliero is a 
straight stem with short int(*rnodes, a large apex bearing few large leaves not 
often renewed ; if there bo hranching it takes more or loss the form of a fork. 
The w’hole of this external conliguration bears relationship to the internal structure. 
In the Dicotyledon the open bundles of the central vascular system provide 
through their "cambium for a contimied increase of the 'water-carrying system and 
medullary rays, which, although it is to many a heresy, 1 hold to have profound 
intlueuce upon the movement of water in trees. The buttressing of the branches 
is also secured, and thus is rendered possible a large assimilating area made up of 
a vast number of small individual surfaces, each one of which can bo readily 
thrown oil’ In the Monocotvledones, on tho other hand, the distribution of a 
large number of closed vascular bundles in a matrix wit he ut a cambium involves 
the provision of a broad terminal cone, gives no support, outside interstitial 
growth, to lateral branclies, which are consequently when developed placed 
so as to give an eqnipose, and the assimilating surface has to be concentrabid in a 
few large leaves. The possession of cambium has enabled the Dicotyledones to 
meet in a much better way the requirements of water-supply and strength in 
coiTelalion with feeding. 

The general uniform ily and effectiveness of tho scheme of camliial gro^y;tll is a 
remarkable feature in the dicotylous type ; hut there is still a wide field of investi- 

' I use the term purely .as an objeotivo designation, and in the origin.'il meaning 
oE the suctorial organ in the embiyo. This terminal cotyledon in the Monocotyle- 
dones is not a leaf nor the honiologue of the lateral coty]cdonc.s in the Dicotyledones. 
The ‘ traceable and direct dovelopmcntal history in the formation ’ of the two organs 
is clear, and they are not alike. To those who liold the contrary view a terminal leaf 
is no obstacle. I think, however, the question of lateral or terminal is of importance 
in organography. The ‘ sympodial loaC-from-leaf evolution,* described in the first 
epicotylar stages of Jiinciis, Pistia, and other plants, demands examination with the 
aid of modern methods. All cases of vegetative organs in which the distinctions 
between organs are said to break down are worthy of being looked at in the light 
of their relation to their nutritive environment. How nutrition affects plant-form 
we dc not j’^et understand. Its effects are familiar, both in vegetative ahd repro- 
ductive ^organs. The grosser cases, in parasites, show in the extremes an abolition 
of most of the landmarks of morphology — ‘ the whole scheme of formation of organs 
is jumbled.* Heterotrophic ‘jumbles* do not, however, deny the ordinary morpho- 
logical categories. Pseudo-terminal reproductive organs are to be expected under the 
cessation of growth witli wiiich their development is concurrent, 
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gation in the relationships of size and distribution of vasa both to tho other 
striicturaL elements of the stem and to the form of the plant in relation to its 
environment. So far as I know the monocotylons tree-forms, there has been an 
attempt in two different directions to provide an increased water-carrying- system 
in them. There is the familiar one of the .secondary cortical cambium in Dracaena 
and other gener^. In them the cambium merely repeats in its products the con- 
struction of the primary stem, and does not provide so copious an increase of carrying 
area as dofts the system in dicotylous plants. And tlien in such plants as .Barha- 
coiiia, many Jlromeliacem, pechaps Kingia, we have an arrangement reminiscent of 
the superficial root-system whieli is found in many polystelic arborescent Pterido- 
pliytcs of the present day. There is a copious growth of adventitious roots from 
the central vascular cylinder, and these pass down within th(< cortex, and from 
its colls are no doubt able to draw water for the upper parts of thcj stem.^ Ulti- 
mately many of these roots reach tlie soil. At best , however, neither of these 
systems has been satisfactory. All that can he said for ihem is tliat they have 
enabled tho monocotylons trees in which they are found to hold their own in 
xerophilous conditions. 

Of Phyla within Dicotyledones and Monocotyledones, 

A brief reference only to the groups within the Dicotylcdones and Monocotyle- 
dones must conclude these remarks. Whilst there is a wonderful concurrence in 
the opinion of botanists as to the natural groups — real x>hyla, whether termed 
cohorts, alliances, or series — into which many of the families of both Dicotyledones 
and [Monocotyledones fall, there is irreconcilable divergence of view as to their 
genetic sequence or sequences. And this is not surprising when we remember that 
we know nothing of the starting i)oint or points of the classes themselves; and 
have, moreover, no critical mark by which to diagnose a primitive from a reduced 
feature in manyof the flower constructions to which, as characteristic of Angiosperms, 
importance is attached. The desire to establish a monophylotic sequence of these 
phyla is natural, and finds expressmn in pedigrees of Dicotyledones issuing from, 
it may be, Ranales or Piporales, of Monocotyledones from, say, Apocarpre or Arales. 
But all such attempts appear to me, in the present state of our knowledge, to be in 
vain. We see in the ph^ila, as we know them, culminating series in our epoch in 
lines of descent ; some, for instance Myrtales or Lamiales, progressive ; others, 
like Primulales or Pandales, apparently not so. Wo also recognise that these 
series group themselves in many cases as branches of broader lines of descent ; for 
example, in the Bicarpellatse of Gamopetalm, in the llelobiem of Monocotyledones. 
To a greater or less degree such relationships are traceable now, and as we obtain 
more knowledge of the angiospermous plant-life of the world they will he widened. 
But this is a diflereiit thing from the carrying hack the pedigree of every phylum 
of dicotylous and monocotylons plants to one or other of the existing ones, which 
may possess what are taken to ho elementary characters. We have, so far as I 
know, no evidence to sanction the belief, or even the expectation, that there is 
extant any family of Dicotyledones or JVIonocotyledones which represents, even 
apin’oximately, a primitive type in either class. The st(»m in each has gone. We 
have tho twigs upon a few broken branches. 

Amongst the phyla we cannot discern any one type that can he described as the 
dominant one. The multifarious adaptability of tho angiospermous type has 
given us diverse forms, suited, as far as we discern, no less well to the varied 
environments of our epoch. Yet wo ar(» able to difierentiate certain of them 
which take precedence alike in point of numhor of species and in area of distribu-* 
tion. If we seek for some general character that marks these advancM groups 
we find it in the tendency to greater investiture of the ovule, both in Dicotyledones 
and Monocotyledones. This is brought about, in different vrays; for instance, by 
the sinking of the gynooceum in the torus as in Composite, by inclusion within a 

' I leave it to Palmophytologists to say whether this construction may sometime.s 
account for the profusion of roots alongside of stem-structure in fossil-sections. 
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persistent calyx as in La'biataSi or within bracts as in Graminese. This feature, it 
will be observed, emphasises that which I have iput in the forefront, as leading to 
the establishment of the aiigiospermous type. That it must give greater security 
to the embryo in relation to its water-supply is obvious, although it has evidently 
also direct connection with seed-dispersal. Another general character observed in 
these higher groups is the greater security for economical pollination adbrded by 
the adaptations in relation to insect-visits. At the same time the case of the 
Grnminefc shows us that other adaptations in this respect are not ineompatible 
witli prominence. 

I will not dwell up(m the inllueiice *d* water upon the vegetative organs in 
Dicotyledones and Moiiocotyledoiies. Of all the factors of environment its effects 
are best Jmowii because most easily seen. The exaiuination of plants from the 
standpoint of their relation to water — bearing in raiiiil that this is physiological, 
and not merely physical — has already thrown a flood of light upon their forms and 
upon their distribution, and oilers a fertile field of in\estigation for the future. 

Water has been, then, a dominating iniluenco at all periods in the evolution of 
our vegetation. The picture of its claim in this respect which I have ])resented to 
you is drawn in the broadest outline, and with the intention more of recalling 
points of view from whicli familiar facts in the life of plants may be looked at. 
It is just occasions like this which give the opportunity of telling to a competent 
audience of the impressions received by one’s most recent glimpse in the 
kaleidoscope of plant-life. It is in this spirit I oiler my imperfect sketch. 


The following Papers and Hoports were road : — > 

1. .77/e Ininnmtioval Afimciation of Jtoiauisfs, 7h/ Dr. J. P. Lotsy, 


2. Gytohyy oj the CyanophyceAP , . By ITarolt) Wacskr. 

The researches of Scott, Zncharias, and others have definitaly revealed the fact 
that the contents of tlie cells of the Cyaiiopliyceie are differentiated into two dis- 
tinct portions, an outer peripheral layer in which the colouring mutters are placed 
and a central colourless portion which is usually spoken of as the ‘ central body.’ 
The central body is regarded by many observers, and notably by Tliitschli, as a 
triitj nucleus. So far as my own observations go, it appears to me to resemble the 
nuclei of higher organisms in that it is composed of a chromat ic network, but 
differs from them in tlu? absence of ji nuclear membrane and nucleolus. Staining 
and other reactions show tluit cliromatiii is present, but in most cases only in 
small quantities. The presence of phosphorus in the central body can £.lso he 
demonstrated, as Macalliim has shown, by means of the molybdate, phenyl- 
hydrazin reaction. 

In the process of division the cell b(*giiis to divide and new cell walls formed 
independently of tha division of tlie nucleus. 

In the process of nuclear division tlie cliromatin threads become drawn out 
longitudinally and parallel to one another, and are then divided transversely. 
Home of the division stages, especially in elongate cells, resemble stages in true 
karyokinctic division. 

Various staining methods can be employed to render the structure of the 
central body visible, but it is more clearly demonstrated in some species than 
others. 

The colouring matter is not distributed evenly through the peripheral layer. 
It octurs in the form of granules or fibrils. The structure of the peripheral layer 
recalls .that of the chromatophores found in other organisms. It consists of a 
colourless and a coloured portion, and the coloured portion appears, as before men- 
tioned, fibrillar or granular. 

^ The investigation of the cell structure of the Oyanopbycem is not interfered 
with to any considerable extent by plasmolysis phenomena. 
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The action of artificial digestive fluid is not very reliable as affording a clue to 
the natufe of the central body, although it often helps to render its structure more 
clearly visible when the cells are subsequently stained. 


3. So'^ir. Botanical Photographs from the Malay Peninsula, 
. By R. H. Yapp. 


4. The Diameter Increment of Trees, By A. W. Bouthwick, B.Sc, 

There are tw’^o methods by which the rate of growtli in thickness or diameter 
iucrenient of trees can be ascertaiued. One of tliese metluids is to measunj 
annually or at certain intervals the diameter or circumference by means of tree 
calli])ers or a tape. The only otlier method of investigating the diamettn* incre- 
ment on standing trees is by means of a very useful instrument known as Bresslor’s 
increment-borer. By moans of this inslrninent cylinders of wood, about a quarter 
of an inch in diameter and from two to six inches long — according to species — can 
be extracted, and upon those the breadth of the year-rings measured. In order to 
allow for any irregularity of growth it is safer to take the mean of four cylinders, 
one from each end of two diameters at right angles to each other. Th(i great 
difference between the two methods is that the latter requires only a few minutes, 
while the former requires years to give reliable results. It is therefore of some 
interest and importance to know how the results got by both methods agree. But 
unfortunately, in very few cases have careful measurements extending over a long 
period of time been carried out. In fact, in the -whole histoiy of British arbori- 
culture there is no other place where more extensive and careful records have been 
Ifopt than in the Royal Botanic (larden, Edinburgh. So far back as the year 
.t87o the late Sir Robert Cliristisoii began a series of S3\stematic girth measure- 
ments on marked trees in the gai;den, and since his death in the year 1882 those 
observations have been carried on by Dr. David ('bristison, w^lio has recently 
])uhlishcd some ot* his interesting results in the ^ Notes from the Royal Botanic 
(rardeii.’ 

Through the kindness of Professor Bayley Balfour I have bad the rare oppor- 
tunity of testing whether the increment-borer would yield the same, or approxi- 
mately the same, results as tlie tape. On comparing the results obtained by both 
methods it was extremely interesting to find how closely they coincided. The 
actual figures are not the same, btjcause the borings were not taken at the same 
levcd as the tape measurements. They -were ])urposoly taken slightly higher or 
lower, as seemed expedient, in order not to interfere with tin? marked circum- 
ference measured by Or. (yliristisoii. Although the actual figures for each year 
do not coincide, the mean or average for a period of li\6 or ten years does 
correspond very closely. 


On the Ahsori^tion of Ammonia from Polluted Sea-water hy the. IJlva 
latissima. By Professor Lktts, D,Se„^ Ph.D,.^ and John Haw- 
thorne, B,A, 

In a previous research' it was shown that the occurrence of this sea-weed in 
quantity in a given locality is associated with the pollution of the sea-water hy 
sewage, the evidence being of three kinds ; (I) The high proportion c^f uitrogo'ii 
contained in the tissues of the ulva ; (2) au examination of certain localities in 
which the sea- weed occurs in abundance, and of others from whicli it is viftually 
absent ; and (3) experiments on the assimilation of nitrogenous compounds by the 
growing ulva from sea- water artificially polluted. 

Commencing' these latter experiments somewhat cautiously, it was first 

* B,A, and Proc. Itmj, Soc, Bdin.t 1001, p. 268. 
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proved that all the ammonia wa-s removed from a sample of sea-water considered 
to be somewhat highly polluted (0*046 part ammonia per 100,000) by a few 
days' contact with the sea-weed. Next it was found that the absorption occurred 
in* less than twenty-four hours, while later experiments have show*n that the 
remarkable power of aasimilating ammonia which the sea-wced possesses had been 
altogether underestimated, as well as the rapidity with which tthe absorption 
occurs. The method of experiment was that ])roviously employed. A sample of 
the polluted sea-water w’as first analysed and placed in a glass dish. Ne5:t a frond 
of the ulva was immersed in it, and linalh* portions of the soa-^vater withdrawn 
and again analysed after suitable intervals. Two different series of experiments 
were made, the first with a solution of ammonium cliloride in pure soa-w’ater, and 
the second wdth a mixture of sea-water and the ellliient resulting from . the 
treatment of sewage by the so-called * Bacteria Bods.* All the experiments in the 
first series were made with the same piece of sea-weed, which had an area of 
about 200 square inches ; and a similar remark applies to the second series, in 
which, however, several pieces of sea-weed were used having a total area of about 
600 square inches. Individual experiments in both series were made to test the 
absorptive power of the viva in relation to concentration (of the ammonia), as well 
as the ellecta of light and darkness. The following table gives the chief results 
obtained : — 


Absorption of Ammonia by Ulva latissima/?*a7a — 


Solution of Aimiioniiim Clilorkle ami Sea-watc»* 
(Arm of I'romls *200 Squan? 

(Volanu! of Mixture, 2A Litres) 


^rixtnre of Baoteria Bod ICffliionb and Soa-wuter 
(Area of Fronds GOO 8 «iiuiro Inelios) 

( Volmno of Mixtnro, Litres) 


■ O C 


Parts 
I of Am- 
monia 

IKT 

l(i0,00() 
of li(inid 
origin- 
allj’ ' 
present , 


0-085 

0-180 

0 - 0 S 5 

0 - 9 G 0 


'en-entaR’o of Ammonia 
Absorbed after 


a ; s 


In 


= Ports 

ofAm- 
•.-S^ monia 

I Pfti* 

i.i^S lOOiOOG 
u of liqnid 
5 origin- 

ally 
present 




! 81 
88 
i 77 
' 41 


I I ' 
i Hr 1 Z!} 


9 G 97 

M i «7 ! 75 f iDarknoss. ; ™ 


If. 
Gj-: 
; 3k 


0-084 

0-112 

0-080 

0-1195 

0*6;{2 


Percentage of Ammonia 
Absorbed after 


sl ! w 


w 1 

^ ! . 


Tn 


82 i 91 I ~ ' - 
SG ■ 9G I 98 99 J 

45 : 58 I — ; — ) ' 
9G >■ 

G:1 ■ 7.1 I 98 — j ; 


1,0 ! Daylight. 


The general conclusions to be drawn from the experiments are as followsv— 

(1) The absorption of ammonia by the sea-weed is very rapid, and with tbe 
mixtures used practically all tbe ammonia was absorbed in five hours (with one 
exception, when 75 per cent, was lost). 

(2) The amount absorbed is greatest during the first hour of contact, and then 
rapidly falls off. 

(3) Although the concentration of the ammonia exercises some effect on the 
proportion absorbed, it is by no means so considerable as might have been expected. 

(4) The sea-weed absorbs ammonia both in daylight and in darkness, but the 
proportion in the latter case is rather less than in the former. 

(5) The effects of an increased area of the sea-weed on the proportion of 
ammonia absorbed are not so great as might liave been expected. 

Tluiso results may be of practical importance in those districts where a serious 
nuisance ^results from the decay of largo quantities of the ulva which bavel^n 
washed ashore, or which have accumulated in shallow water. For it seems probable 
that by allowing the eflluent from the bacterial treatment of sewage (which 
treatment gets rid of much of the ammonia originally present) to remain in 
contact with the growing ulva in specially constructed ponds containing sea-water, 
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before discharging it into the sea itself, the ammonia or nitrate will be absorbed, and 
that the mixture of elHuent and sea-water will then no longer provide nourishment 
for the utm in the sea itself, and that consequently the sea-weed will be so much 
reduced in quantity in the district as to cease to give rise to a nuisance. 

The stimulating effects of the ammonia or ellluent were evident from the rapid 
evolution of oxygen from the surface of the sea- weed, which always occurred about 
fifteen minutes after the addition of the polluting substance, and forms a pretty 
experimer|J. 

In two cases the dissolved gases were extracted from the sea-water in which 
the ulva was immersed (by boiling out with dilute sulphuric acid in vacuo) imme- 
diately after adding the polluting material, and again some hours later, and 
analyses made. The following results were obtained : — 

Kipenment oA (Da^ln/kt). 

Immediately after adding 
Ammonium Chlorido 

(0*180 part per 100,000) Four Hours Latej 

(c.c. per Litre at N.T.P.) 

T = 14*4 T«1.VU 

CO 21-60 1500 

O.:... 11*41 14*81 

N^.. 0*70 9*88 

Loss of CO 3 ~ 3*70 c.c. Gain of = 3*43 c.c. 

(About 2 c.c. of evolved oxygen gas were also collected.) 

Experiment 8e (2>ffrAv«es*'). 

Immediately after adding 

Effluent Four Houi*i» Latei 

(20 per cent.) 

T = 14*6 T:=]4*8 

CO«... 63*50 66*44 

O;... 6*31 3*85 

NI... *11*90 11*74 

Gain of 00 ,= 2*85 c.c. Losi of 0., = 2*46 c.c. 

In i)A the ?^/m bad been in contact wdth the sea- water for a considerable lime, 
whereas in 8e fresh sea-water was used. 

The above analyses are interesting in several ways. First, in Experiment 5 a, 
the amount of oxygen found is greatly in excess of the value given by Dittmar 
in the ^ Challenger ’ Reports for the volume of oxygen which one litre of sea- 
water can take up when saturated with constantly renewed air at the existing 
lemper^tiiro, Dittmar's figure for 15” C. being 5*83 c.c. Tlio action of the 
is therefore, in a sense, to (supersaturate the sea-water with oxygen under the 
existing conditions. 

Secondly, the amount of carbonic anhydride found (in the same e.N:periraeiit) is 
much less than that present in normal sea- water, Dittmar s average for the tota I 
volume in sea-water being about 48 c.c. per litre, of which in all probability some 
•40 c.c. are in the form of soluble bicarbonate of calcium or magnesium. It is 
evident therefore that the utm gains its carbon from the carbonic anhydride of 
these salts. 

Thirdly, the results of the experiment in darkness demonstrate in an interest- 
ing manner the true respiration of the utoUf carbonic anhydride being evolved in 
practically the same amount as the oxygen disappearing. ^ * 

6. JiTotea on Stellaria holostea and Allied Species. By John Patbrson. 

^ Biology , — The shoots appear in early spring before the development of the* 

\ grasses. The leaves are arranged parallel to the stem axis in bud condition. They 
open out and grasp the leaves of the grasses and other herbage as these develop, 
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bein*^ thus deliciitoly balanced. The leaves are olastie and lend to ixjtiirn to theii* 
orij^inal position when displaced. 

The youii^ shoots are rip^id, but the older parts become elastic and flexible, so 
that the\stem is ke])t erect by the leaves clinging to other plants, and falls down 
when detached. When the plant withers in autumn the stems fall to the groimcl 
and continue their growth by buds which arise alternately in the axils of some of 
1 1 10 leaves; the branches are thus able to extend over a largo area in a manner 
which Avould be impossible if they remained eri?ct. 

Avatomtf.- -T\\ii epidermis has cuticidariscd walls. The cortex is turgid, con- 
sisting of large cells with strengthening tissue at the corners, which act like pillars, 
keeping thi> c.cutral cylinder stretched out. 

The endodcrniis is very distinct. The i)ericycle and tissue formed from it are 
several colls thick. 

There are six vascular bundles separated by jndmary medullary rays. 
There are ]nlh cells, but the stem is hollow in the centre. In an older stem the 
cortex withers and becomes detached from the central cylinder, though the 
ruptured endodermis cells still pei*sist, and the central cylinder then contracts and 
the vascular bundles become consolidated, whilst the primary medullary rays 
become more or less obliterated. A continuous cork sheath, several layers thick, 
is then formed from the pericyclo. -\dventitioiis roots firise at the nodes of the 
older stems. 

The arrangements in Stclloruf. tjrammea, IS, uUijino.<a^ S. media ^ S, nemoru 7 ii, 
*S. f/lauca, and other Caryophyllaceai are shortly compared. 


7. 77ic Moi'j}holo(f}/ of f he ^Flowers ’ o/* Cephalotaxus. 

B}f W. C. WoiiSDKLL. 

Mnlo^Floirer^: 

Comparison of stvuciiin' with that of the allied genera (linkijoj Ta.vux, Tovmja, 
r/ilftlodadua. History of views on subject ; Fivhler ami Celakprskjj. 

Female * Floteera,’ 

Accounl of comparative structure of normal * flower.’ History of views on sub- 
ject : FAe.hler, Straiihur(fei\ Van Tirghem, Oelakorskij, Author considers the view 
on the morphology held by last-iin*iitioued writer as the only tenable one. 

(Original observations on prolifemled inflorescences and ‘ flowers.’ Prolil’eratioii 
of both primary and sei*ondary (‘floral’) axes occurs. Latter consists in elongation 
of an axillary axis on which Iho two ovules are situated laterally, and which may 
])roduce rudimentary foliar organs both above and below insertion of jivules. 
Hvules may also appear as rudimentary foliar organs borne on the axillary axis. 
This fact appears to author to refute the axial theory of ovule of IJichlev and 
Strasburger, and to support the foliolar theory of same put forward by Celakovsky. 
Value of metamorpbogenesis as an aid to determining morphology of any recondite 
structure is illustrated in case of Cephahfa.vns, 


8. The MorplioJoffy o/ ihe Ovule, . An Historical Sketch, 

By W. C. WORSDELL. 

Threa principal views ;io to inoi-pliology of ovule have been held : — 

1. Axial I'heory, 

On this theory the ovule is an organ of axial structure, the nucellus represent- 
ing a bud, and the integoiments the first-formed foliar organs thereof. Chief pro- 
pounders of this view, von Molil (1851), Sehacht (ISSO), Endlicher and Unger 
(184:i), Alex. Braun (1860). 
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'2i Foliolar Theory, 

On this theory the ovule is homologous "with a leaflet of a carpel, visi., the 
integuments with the terminal and two lateral segments of the leaflet, and th(j 
nucellus with an emergence home on the upper or ventral surface of the former } 
the nucellus is thus directly homologous with an eusporangium, such as tluit of 
Anyiopteriii, Pfimitive position of nucellus or sporangium is terminal to leaflet, 
as is cnso^iii normal ovule, where the liomologue of leaflet of carpel takes the 
form of one or two urceolate envelojies. Case of Ferns whpre sporangium is 
usually borne on lower surface of leaflet is an instance of progressive metamor- 
phosis from the primitive condition ; here the green leaflet, or its receptacular 
representative, is the homologue of the outer integument of the ovule, and the in- 
dusium of the inner integument of the latter. The leplosporangium of most 
ferns is the result merely of the ultimate subdivision of the eusporangium, and is 
homologous with a iriehome. The abnormalities resulting from the metaraorpho- 
genesis of the parts of the ovule are the decisive and only reliable sources for 
determining the true morphology of the ovule. Chief propounders of this theory 
are Brongniart (the founder, 1884); Cramer (1864), Celakovski) (1874-1900), 
Bichler (1876), Warming (1878). Of these, delakovsky is responsible for the 
formulation of the theory as above summarised. 

8. Siii gejieris Theory, 

This theory holds that the sporangium, with its homologue the nucellus, is an 
organ md genene^ and cannot be included under any of the morphological categories 
of stem, root, leaf, or trichome. The integuments are new structures arising on tho 
sporangium or nucellus. The abnormalities are of no permanent value for deter- 
mining the morphological relationships of the parts concerned. The chief up- 
lioUlers of this view are ♦SV/cA.s (1874), Uoebel (1887), (187:2), 

(1879), Bower (1894). 


9. The HlxMogy of the Tubes By A. W. Hill. 

The sieve tubes of, (yvmnospornis liavi* been ])reviou8lv investigated by lli^ 
Ihiry, Janezewski, llussow, K(!iiiitz*Ci<Tloir, and Strashurger especially with refer- 
ence to the structure of tlie sieve plate aud the mode of communication betweiui 
iidjoiniiig sieve tubes. 

The present researches hav(3 proved tliat the results obtained by Jiussow are, in 
the main, correct ; for it has been found, ns he describe.s, that the mature sieve 
platf? is traversed by groups of callus rods, which aro interrupted a j the middh? 
lamella by median nodules, and that each ealhts rod contains from three to seven 
iStriin — or spots if examined in surface view~- whicl\ arii string.s of slime. 

With questions of development Kussow was not very successful, and it is with 
them that the chief interest of the research lies. 

The youngest sieve plates or pit-closing membranes, which could be examined, 
showed ‘ connecting threads ’ like those in ordinary tissue; but in the so-called 
‘ boundary cells ’ — /.<?., tho youngest thick-walled sieve tubes— a change takes place, 
namely, the appearance of the callus. Callus first appears on one surface of tho 
sieve plate, at the places where the groups of * connecting threads ’ occur, and it 
gradually spreads as a rod along a' group of the threads to the middle lamella; a 
similar change then takes place on the other side of the lamella. The lamella 
itself, however, is not converted into callus, but a refractive median nodule appears 
separating the two portions of the callus rod. • 

Accompanying this change the protoplasmic threads become convertei} into 
slime strings. A similar state of things obtains in part with the sieves between 
the qieve tubes and the albuminous cells. 

The changes just described are without doubt due to the action of fei> 
ments, which travelling along the threads convert them into slime strings and 
at the same time alter the cellulose portion of the pit-closing membrane in their 
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neighbourhood into callus, forming the callus rods. Tho subsequent increase of 
the callus to form the callus cushions is due to tho activity of the protoplasm. * 


10. Riport on Fertilisation in Pha'opliyccHi,-- }^cvi lieports, p. 118. 


11. Report on tho Morphology^ Ecology y and Taxonouiy 
of the Podostemaevaur-^^^ Repoi*ts, p. 147. 


‘ FJllDAY, SEPTEMRER 1:1. 

The following Piipera were road: — 

1. On Correlation in the Growth of Roots and Shoots, 

By Professor L. Kxy. 

The objocl ions made to flio «niithor\s former paper on the .same subject ^ by 
Heering - are here criticised. If in his first papt‘r he only gave tho final result of 
Lis experiments and not the detailed steps by which the first result was brouglit 
about, he did so because the removal of the root or of the.* shoot from the seed- 
lings must at first cause a shock to the organism and disturb its development, 
quite independent of any correlation. This anticipation was shown to be true by 
the careful studies of Townsend.-' 

Of the experiments wbieli lie made aftt*r the, jiublicnlion of his first paper he 
quotes one with ri'spect to <iuttings of Ampolopsis qmnqvcfolia, PVom this 
experiment it follows that, just as in the cuttings of SalLv acuminata and 
S. purpurmy tho continual removal of the young shoots was soon followed by a 
less vigorous dtivolopment of roots, and vice versn. There is, however, this difler- 
ence to be noted, that, whereas in Saliv the retarding influence is to be detecti'd 
first in the roots, in Ampelop^iis there are the shoots, wliicli in this case proved 
themselves to be more sensitive, than llio roots. 

The papiT will be published in full in tho ‘Annals of Botany. 


2. The Bromesand their Brovm Rust, By Prof. Marshall Ward, F,R.S, 

The author has been for some time occupied with the grasses of the genus 
Brouim and the behaviour of the uredo of the brown rust {Puccinia diepersa) 
upon them. The work has entailed careful examination of tho seeds and seedlings 
of a large number of Kuropean and foreign Bromes and critical analyses of the 
anatomical and morpliological characters used in the systematic botany of the 
Jtroup. 

The plan of the investigation includes the. nature of infection and conditions 
of attack, and all discoverable relations between host and parasite. 

The germination of the grasji seeds has led to interesting points. They can be 
treated antiseptically in various ways and groVu as pure cultures in nutritive 
solutions in glass tubes of various shapes, designed either to allow of the contmuous 
aeration of the plantlet by a current of filtered air drawn through by aspirators, or 
not. 

Such pure cultures of the grass were then infected with uredo-spores, and in ten 
to twelve days gave rise \o pure cultures of the which germinated and infected 
other similarly pure cultures of the grass inoculated with them. Control cultistres 

* Ann, BoUy viii. 1894, p. 265. = Jahrhf. w, Bot., ssiz. 1896, p 132. 

» Ann, Bot, xi. 1897, p. 609 ff. 
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11) tubes, but not infected, ^ave rise to no uredo, even if raised from the seeds of 
diseased giants. The pustules of uredo only originate at that spot on the leaTes 
where the uredo-spores were sown. 

These results lend do 'support, therefore, to any hypothesis of internal or 
seminal infection. • 

Long series of sowings were made to test the conditions of germination rf 
the iiredo-spore^ for, strange as it may seem, little attention has been paid to this 
matter. minima and maxima temperatures of germination are about 10° C. and 
27°*6C. respectively, the optimum being about 18° 0. Many failures in infections 
aie due to the non-germination of the spores in hot weather. 

The elfects of light, of other organisms Algm), of various extracts, and of 
tlio age of spores, &c., were also examined. 

The uredo-spores may be frozen for ten minutes, but will not recover after two 
hours^ freezing. 

Infection experiments on pot plants were made — several hundreds in all — 
on twenty-one species or varieties of Bromus. 

The general results are, put very shortly, as follows : Although the uredo 
examined is in all morphological respects absolutely identical on all the species of 
Bromus on which it occurs, nevertheless if spores gathered from B, stcrilis are 
sown on B. mollis the infection fails, whereas spores of the same batch sown on 
B. sterilis infect normally and rapidly. And similarly in other cases. Spores from 
B. mollis readily infect B. mollis^ and (less certainly) its allies B, secalinits and 
B. uclutinuSf B, arvensis and others of the Serrafalcus gtoup ; but they fail on B. 
maximus^ B. tectorum^ B. steriliSf B, madritensis^ &c . — the Stenohronius group — and 
so with other cases. 


[Tablks I. and II.] 

In the annexed tables (I. and 11.) are tabulated the results obtained in seven 
of the experimental series. The tables explain tliem.selves, but it may bo well to 
note that the species of Bromus employed as host-plants have here been arranged 
in similar order throughout in order to facilitate comparison. Thus B, orectus to 
B, ciliatus are repfesentatives of the first group {Fostucoides) ; B, tectorum to 
Ji. maximuSf inclusive, of the second group {Stenobromus ) ; B, secalinus to B. 
macrostachfis, inclusive; of the third group (SeiTofalcus) ; and B. unioloides, with 
which B. Schraden is synonymous, of the fifth group (Cet afoc/iloa). The author 
lias not yet had time to examine B, arduennensis (fourth group), and in a few 
Crtses the series of experiments are too few for any statements of value os to details, 
lint it seems clear that the gencjral statement is suiliciently proved as regards 
groups 2 and 3 at least. 

The scries selected for tabulation in the foregoing tables are only a few taken 
from the numerous sets of similar experiments. This is hardly the place for 
reproduction of many other details, but in order to give some idea of the enormous 
amount of labour involved in such an investigation, another table (III.) is appended 
giving a summary of all the series of this season’s pot-plants under normal condi- 
tions only, exclusive of experiments with tubes and with extraordinary conditions 
such as diminished mineral supplies, and so forth. 

Here, again, it will be seen that the general accuracy of the conclusions put 
forth is. fully evident, though a detailed examination of the series — conditions of 
infection, incubation, &c. — is necessary for the explanation of one or two apparent 
discrepancies — e.g,, to explain why the percentage of failures was so high with B. 
’oelutinus infected with spores from B, secalinus. These matters must be left for 
future treatment, and in some cases for further experiments next season. ^ * 

[Table HI.] 

Thus, in the annexed Table III. we ;see that eighty -five plants of B. mollis were 
inoculated with uredo-spores derived from B, moUiSf of which sixty (over 70 pf 
cent.) gave positive resuJtp, t.r., actnally^developed pustules at the spots inoculated ; 
but it should be noted that in many cases here* recorded as failures— because I put 

1901. 3 1 
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118 negative all cases where no pustules appear -distinct llncka were Ibrmed on Iho 
loaves ; cighly-1‘our plants of the same species (/>. mollis) were inoculated with spoi’es 
derived from Vv. slcrilis but none succeeded, and eight were tried with spores from 
/>. sccalinffSj of which three (37*«5 per cent.) succeeded and five failed. 

Again, looking at Ji. sir nils, we find that oiglity-six out of ^linety attempts to 
infect'^ this species with spores from ./>. mollis failed, whereas si^ty-eiglit out of 
eighty-four (81 per cent.) attempts to inoculate tlie same species succeeded when 
the spores used were derived also from />. strrilis. All the eighteen plants inocu- 
lated with spores from />. srca/tnns proved immune. 

Having regard to the morphologicaf gron])s of these llromos, it is found that 
any given species or variety is most, easily infected by spores which have been 
grown on the. same species or variety, les.s certainly by spores from allied species, 
and not at all successfully by spores Irom a species in another group. Some in- 
teresting details regarding tlie relations betwemi lio.«^t and parasite in infection are 
also to hand. 

'Pliree stages of development on the part of the iiredo must be distinguished : 
(1) The germination of thti spore and developmonl of the germ-tube ; {2) tlie en- 
trance of the latter as an init.vtion-tube through the stoma of the grass; and (3) 
the growth of th(.‘ latter into a l)ranched mycelium in the intercellular spaces of 
tlie host, into the cells of which it sends Jiaustoria, and finally — about the tenth 
day after sowing- -again puts forth sjKires as it breaks out through the stomata in 
the form of the well-known rust-pustules. This last period maybe termed the 
incubation period. 

The author tiiids that various exigencies, especially of the weather, affect the 
fungus during each of these three periods. 

Infection may fail because the temperature is too high or loo low during the 
germination ]ieriod, or the gcrm-tnbes may dry up, or ].>o killed in other ways. 

On reaching a stoma the sncces.sfnl entrance oi* tlio germ -tube, as an infecting 
tube, depends on various factors, of which the .specilic nature of the llroiho attacked 
is an import anf one. 'PakiTig spores derived from IJ. mollis, for cxaniph', tlieir* 
germ-tubes appi.ar to so corrode and destroy the tissues of B, stvrUis that the s])ot 
where the sowing is madci turns black and di(‘S, and no sncces.sfnl infection occurred ; 
on B. marhnifSf B. inennis, and others, on the other hand, no successful attack is, 
a.s a rule, c.stablished at all. 

Mvc'ii when the infecting tube lia.s t*.stabliabcd an entrance, several events may 
intervene to prevent successful infection; f.c., tho fonnation of a normal inter- 
cellular mycelium which dominates the tissues and ultimately breaks forth from 
the stomata again as pustules with fresh crojKS of iiredo-spores. 

If the host is starved of carbohydrates by partial othilation, or of minerals by 
lack of supplies in the .soil, or by interference with the trau.spiralioii, ttc., the 
mycelium — even in a species normally quite suitable to tlie parasite — onlt-; drags 
on a miserable existence and has not strijngth to form spores. In such casca 
nothing further results than the development of pale, feeble liecks on the leaf. 
The same thing occurs in some partially immune species, even though flourishing, 
evidently owing to the refusal of the cells to allow the mycelium to dominate 
their life. 

These antagonistic TcuctioiiB of the lio8t-]>lant are not due to any structural 
])cculiarities discoverable by the microscope ; nor is it a simple matter of the 
excretion of any poisonous soluble constituent of the sap, judging from the experi- 
ments in which uredo-spores derived, for example, from B, tmllis germinated 
satisfactorily in both boiled and unboiled aqueous extracts of the leaves of />. sterilhf 
which had been previously filtered through stone flltera under pressure. In addi- 
tion to the case of successful and normal infection, therefore, tliree distinct cases 
of failure to infect can he distiiiguislied : (1) in whict the preliminary establish- 
ment of an infecting mycelium is as.<iured, but this remains dormant, i.c., fails to 
dominate the living cells of the leaf, and only a i}ale ydllowish fleck rcsttlts ; (•i) iu 
^vhich the attack of the germ-tube is so vigorous that it kills the guard-cells and 
tissues, and produces a mack corrosion spot in which the parasite can make no 
progress; (3) complete immunity; the pax’asile fails to .get any hold. oA the- leaf 
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at all, and tlio latt-er is as green and hcalthy-looking at the end of the normal 
incubation period as before inoculation. 

Tiiese observations lend no support to either the INIycoplasm theory of Eriksson, 
or to any theory which attempts to explain outbreaks of rust to intra-seminal 
infection handed dpwn from" parent to offspring, and the author believes that the 
•difficulties hitherto •met with in understanding the sudden epidemics of these 
rust-diseases wi^ disappear as we gain exact information of tlie conditions of 
germination, infection, and iiiciihation of the disease-producing parasite ; as also 
of its habfts of lurking in the older leaves of the grass in spots where the produc- 
tion of a very few spores — quite invisible on a casual overhauling of the grass — 
prepares the way for more extensive infection as the weather changes. 

On the other hand, they throw considerable light on the question of adaptive 
parasitism, and show that the previous nutrition of the uredo-spores affects their 
])arasitic power, with regard to another host-species, in much the same way that 
the i)revious nutrition affects any other disease germ — c.y., certain bacteria — or 
even saprophytes — e.jry., certain yeasts and fungi. If only one in a million of the 
spores once manages to gain a hold on a species or variety hithmlo immune, its spore 
progeny can now successfully attack that species or variety ; and in proportion as it 
becomes more and more sx^ecially adapted to life in the tissues of this new host 
will it find difliculties in going back to its old host or forwards to another, and 


3. 2V/C /^aL!^ History of the Yew in Great Hr'dain and Ireland} 

By Professor H. Conwkntz, Dan^iy, 

Many 5 ^ears ago the author studied tlie distribution of this sx)ecies, and lit? has 
inquired" as to the causes of its diaajqiearaucti in nearly all the countries of the 
middle and north of Enro])(*; also iti th(? Tlritish Isles. It is liis ojunion that 
(here are three points which prove a previous wider distribution, vi>^., sub-fossil 
rtsniains, prehistoric and historic antiquities, and place-names. By microscopical 
examination ho has found a great number of .sul>fossil yew trees from subnuTged 
forests and otli(*r localities in England and Indand. Th(?ii he has examined the 
prehistoric wooden lioxos, hiudit'ts, &c., in the British Museum, London, in the 
Scu'iice and Art Museum, Dublin, i^c., and he has idontilied more than thirty 
with Taants. Atteiitidii fs drawn to the names of uninhabited phutes, which in 
former times were very often called after indigenous trees. He has made out a 
number of some Jiundn*ds of English, Scottish, and i*.specuilly of Irish place- 
names from the yew which are, not unworthy of being eonsideivd by botanists. 
( hiided by the iiamt?s of such localities in Gt»rmaiiy, he has dug into ithe ground, 
and has found sub-fossil remains of the yew. Thendbre he has suggested 
researches of this kind also in tluj British Isles, .aiid he would be glad to get small 
pieces T>f bog wood for examination. 

The genus is not of a considerable geological age, as iH?arly all Tertiary 
remains described under the name of Tams are not yew. 


1 . On tlie Distribution of Certain Forest Trees in Scotland, as shotvn by the 
Investigation of Post-Glacial Deyjosits, By W. N. Niven. 

The information has been chielly obtained from occasional references in many 
topographical books of Scotland to the discovery of various trees in particular 
districts. 

The following are some of the volumes (about seventy in number) from which 
infonnation has been derived : — 

' New Statistical Account.’ 16 volumes. 1845, 

Statistical Account.' 21 volumes. 1791-99. * 

‘ The paper will be published by the Royal Irish Academy. 

3i2 
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* A Practical Treatise on Peat Moss.’ Anderson. 1704* 

' Edinburj^h Philosophical Journal.’ A'oliimes iii., vii. 

‘ Transactions of the Royal Society of Edinbiirf^li.’ Volume ix. u 

‘ 'rransactions of the Invernesa Scientilic Society.’ X'olume iii. 

‘ Vertebrate Pauna of Moray.’ 

‘ Cairngorm Club Journal.’ * 

* Pennant’s Tour in Scotland.’ 1700. 

‘ Woods, Forests, and Estates of Perthshire.’ Tlios. Hunter. 

* 'Iransactioiis of the Buchan Field Club.’ Volume iv. '» 

* Transactions of the Dumfries and Galloway Natural History and Antiquarian 
Society.’ 

^ Annals of Scottish Natural History.’ Nos. 23-25. 

‘ 'four through Orkney and Shetland.’ George JjOw. 1774. 

‘ My Schools and Sclioolmasters.’ Hugh Miller. 

‘ Edinburgh and its Neighbourhood.’ Hugh Miller. 

‘ Origin of the British Flora.’ Clement Reid. 

‘ Great Ice Ago.’ Prof. James (leikie. 

‘ Prehistoric Europe.’ Prof. James Geikie. 

And others. 

The following trees have been discovered : — Hawthorn, elder, common ash, 
birch, alder, hazel, oak, willow, yew, and iir, all of which, with the exception of 
the ash, are considered natives of Scotland. The cones of the silver lir have been 
dug out of the peat in Orkney, but this tree is not now indigenous to Scotland. 
Several shrubs, iucluding the juniper and raspberry, as well as many llowcring 
plants, have also been discovered. 

On a map prepared by the author the localities are mark('d where the various 
trees have betui found. The records are probably not complete, but are suificient 
to show the distribution. 

It will be seen that there are few parts of Scotland, however treeless at llie 
present day, that were not in remote, and even in comparatively recent times 
covered with woodlands. This is also shown by the place-names. As regards 
the special trees: — 

'I’he oak is very w’idely distributed. Its most northern occurrence is Caithness- 
.shire, and it is recorded in every other county. It has' oven been found in the 
peat bogs in the now treele.ss islands of Lewis and Tiree. 

It is interesting to note that many of the oaks have been found at high altitudes, 
c.//., vSOO feet above sea-level (parish of Croy, Inverness-shire), and of considerable 
size, e.f/., 70 feet in length (l)rumcrief). 

The t^cots hr, probably the Pums si/lcesiris^ia another widely distributed tree. 
It is coimiion in the Northern Counties, in the Orkneys and Lewis, in all the 
Mulbind Counties, with the exception of Forfar and Fife, but in the Sdfutherii 
Counties it is only recorded in Renfrew, Edinburgh, Roxburgh, Dumfries, and 
\\'igtow'n. 

The hazel has been found in the submerged forests, and in many other parts of 
the mainland, as well as in the Orkney and Shetland Islands and in many of the 
Western Isles. No record has been found of its occurrence in Sutherland, but 
throughout the Midlands it is fairly plentiful, and in the Ijowlands it has been 
noted in all the counties, with the exception of Haddington, Linlithgow, Selkirk, 
Dumfries, and Wigtown. 

The birch is recorded in the Orkney and Shetland Islands, and in the majority 
of the counties from Caithness to Wigtown. 

Regai'ding the other trees few records have been discovered. The alder is 
recoiyled from Lewis, BanlF, Aberdeen, Kincardine, Perth, Fife, Argyll, Lanark, 
and Edinburgh. Willows (species unknown) are noted in both Oaithness and 
Sutherland. They have also been obtained from the peat bogs in Renfrew, La&ark, 
and Roxburgh. The ash is generally regarded as a probable native in the south 
of Scotland. 
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Hugh Jliller, in * Edinburgh and its Neighbourhood/ makes reference to finding 
< what appears to be ash ’ in the brickclays of Pottobello. It is also recorded from 
the mosses in Ballantrae, A'yrshire,^ and Bowden Parish, Eoxburghshire.- Then, 
again, many of the, implements found in Southern Crannogs are reported to be 
* made of ash wood, but it must also be regarded as indigenous in Northern Scotland 
if we accept its Occurrence in the Bay of Keiss, Caithness- shire, mentioned by the 
writer on Caithness in the ‘New Statistical Account’ (vol. xv. p. 129). 

The only records of the oc/iiirrence of the hawthorn, yew, and elder liave been 
obtained from Edinburghshire. 

In conclusion, the evidence, which is obtained by the examination of the various 
post-Glacial deposits, indicates in a very clear manner that the trees recorded should 
be considered truly indigenous to Scotland. 


5. Professor J. Reynolds Green, JI/.l., F.B.S., ddim^rd a Lcctnrr on 
Flesh-f ating Plants, 


C. Contributions to our Knovdodge of the, Gametophyte in the OphioglossaJes 
and Lycopodiales. By William IT. Lano, D.Se. 

1, The prothalli of Ophioglossum j)endulum 2 Ln(}i Ilelminthostachys zcylamca. 

The wholly saprophytic prothallusof O. pieiiduhnn was found in humus collcct(*d 
by epiphytic ferns in Ceylon. It is at first button-shaped, but by branching th() 
older prothalli come to consist of a number of short cylindrical branches radiating 
into the humus. The apices are smooth and convex ; the surface of the older 
parts is covered with short unicellular hairs, llhizoids are absent. The young 
])rothallus and the branches are radially' symmetrical. In the older parts all the 
cells except the superficial layers cohtaiii an endophytic fungus ; nearer the 
the central strand of <tissuo becomes free from fungus. The pruthallus is moiuecious. 
The anthcridia are sunken, with a slight^ convex outer wall one layer of cells 
thick; in surface view tliie shows a triangular opercular cell. The neck of tlie 
archogonium, which projects very slightly, consists of about sixteen cells in four 
rows. The central series in all archegonia yet observed consists of ovum and a 
single canal cell. A basal cell is present. 

The prothalli of Ilelminthostachys wore found a few inches below the surface 
of the soil in a frequently fiooded jungle in Ceylon, Tlie sporophyti' is also 
abundant in drier situations, but young plants found there were of vegetative 
origin. ,Tho prothalli, which have not been observed to bi'anch, are rjidially 
symmetrical. The smallest were stout cylindrical structures the lower part oi 
which was darker in tint and boro rhizoids ; the upper bore the sexual organs, 
which arise acropetally behind the conical apical region. In the vegetative region 
the internal cells contain a mycorhizal fungus ; in older prothalli tliis may extend 
into the lower part of the sexual region. In prothalli w'liich hear archegonia the 
vegetative region is relatively more developed, and in both these and the male 
prothalli it becomes more or less lobed. An imperfect distinction of male and 
female prothalli appears to be the rule, but both archegonia and antheridia may 
occur on the same prothallus. The antheridi:^ are large and sunken ; the slightly 
convex outer wall is two-layered except at the places where dehiscence may occur, 
which consist of single large cells. The archegonia have a neck, consisting^of four 
rows of cells, which projects considerably. The details of their structure have 
not as yet been made out, • 

2. Pn the mode of occurrence of the prothallus of Lycopodium selayo at Clova. 

The sporophyte of this plant is very common on moors, screes, and crags in the 
Clova valley, and in these situations seems to he reproduced almost entirely by 

^ IHew Statistical Acemnt, vbl. v. p. 417. ® JHd,, vol, iii. p. 36, 
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means of bulbils. On the sometimes submerged margin of Loch Brandy, bo.wever, 
numerous sexually produced plants and prothalli can be found growing in the soil 
between the stones. The difierence in the conditions under which the sporoph^^te 
can exist and those necessary for the successful germination of the spores is ^ 
analogous to what has been found to be the case for Helminthostachyn, 

3. On some large prothalli of Lycopodium ccrnuum. 

The prothalli of this plant, described by Treub, Tvero of small size, one of the 
largest measuring 2 ram. in height by 1* mra. across. On the banks of roads close 
to Kuala Lumpur much larger prothalli were found. They were cake-like 
structures, of a deep velvety green coiour, about 2 mm. in ve^rtical thickness, but 
measuring sometimes 6 mm. across : they 'were attached to the soil by numerous 
rhizoids springing from the flat bast^. »Sueb specimens have lost all trace of the 
definite form which sometimes characterises the smaller prothalli, and are of 
interest for comparison 'wdth the large prothalliis next described. 

4. On the prothalliis of Pftilofum. 

The prothallus of this plant was searched for without success in Ceylon. The 
sporophyte occurred on tree-fern trunks on IVIaxweirs Hill in J Vak, and a single 

? rothallus was found there embedded among the roots of the tree-fern close to a 
^silotmn plant. No other plants grew on this tree-fern, and, although a few 
species of Lycopodium occur sparingly in the locality, there seems a strong 
probability in favour of this specimen being the prothallus of Pailotum, The 
specimen measured one quarter of an inch in height by inch across at the 
widest part. It consists of a cylindrical lower rt'gion covered with rhizoids ; 
near the low’er end of this is a well-marked conical projection (primary tubercle). 
The upper part widens out suddenly, and its thick overhanging margin bears 
numerous antheridia. The summit of the prothallus is depressed and smooth. In 
general form the prothallus resembles some small specimens of Lycopodium 
cernuumf hut the upper region, from which assimilating lobes are absent, finds its 
closest analogue in prothalli ofX. r/avatum, • 


7. J^otc on an Opliioglossuni collected hy Mr. Ridley. 

P»y Professor F. O. Howek, F.R.S. 

Professor Bower exliibit(‘d ii specimen of Ojjhioylossum simplex^ n. sp., collected 
by JMr. lliclley in Sumatra and lianded to the author by Professor P. Oroom. It 
appears to be entirely witliout the sterile leaf-lobe, though the fertile spike is 
characiteristically tliat of an Ophioylomim. If it is actually demonstrated that 
the sterile lobe is really absent, tliis peculiar plant may give rise to considerable 
mortihological discussion. 


8. Almormal Secondary Thickening in Kendrickia Walkeri, ITook. /. 
By Miss A. M. Clark. 

1. Kendrickia Walksri, Hook, f., one of the Melastomaceae, is a- tropical 
epiphytic climbing slirub. 

2. The anatomy of the young stem is typical of the family Melastomacem. 

3. At a fairly early stage numerous small patches and several large wedge- 
shaped areas of thin-walled unlignified wood-parenchyma are cut off from the 
inner side of the completely circular cambium ring. 

‘4. Tylosis is of frequent occurrence, and the tylosed cells may develop into 
sclerotic cells inside the vessels and tracheids. ^ 

C. Later the unlignified wood-parenchyma cells at the central margin of thi; 
wedge area take upon themselves new growth accompanied by cell division. 

The product oi this new growth proceeds to split the axial woody ring into a 
varying number of portions, partly by forcing a way between rows of adjoining 
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traobeids and partly by tyloses into traclieids and ve.«sels, iitilisinw the spaco 
contained in the lumen, with subsequent destruction of the identity of these wood 
elp.ments* 

6. Later the quiescent cambium lyin^ between the original internal phloiiui and 
the axial woody ring takes upon itself new growth, and proceeds to lay down 
xvlem on the one i?ido and phloem on the other. 


,^ATr/j?DAr, SEPTEmiim ii. 
The Section did not noeet. 


AT ON DAY, BEVTEATBETt 10. 

A joint Discussion with Section L on ^The Teardiing of Dotany ’ was opened 
])y the reading of the following Papers : — 

i. The Tmchmg of Botayiy in Bchooh, By Harold Wager. 

Discussion is invited on the following topics : — Place of botany in the school 
curriculum as compared v/itli chemistry and physics. Its importance as an 
educational subject ; as a training in .scientific nietljod. Amount of time avail- 
aide for it. 

Choice of botanical topics s\iitable for schools, llight selection important. It 
is not possible or desirable to explore the whole field of botany. ^^Intelligent 
Ivnowledgo of a few truths ’ required rather than an imperfect acquaintance with 
a vast number of facts. Among the various topics which will be found useful in 
the school course,* experimental plant physiology, ospociallv in connection with 
nutrition, respiration, and transpiration, is probably on(< of the most valuable. It 
allords an excellent traming in observation, experimental manipulation, drawing 
conclusions from facts observed, weighing <*vidence for and against them, and in 
neatness and accuracy, 

Equipment. Simple laboratory and fittings, Class-rooin accommodation. 
Apparatus. 

Methods of teaching. Tlio pupil should be led through liis own experiments 
and observations to come to conclusions for himself. The work done in the 
laboratory .should precede any discussion of it in tlie class-i’oom. Experimental 
work .should not bi? merely illustrative of the lecture or text-book. As Spencer 
.says, pupils ^should be told as little as possible and induced to discover as much 
as po.ssible.’ Kecords of experiments. Importance of drawing. Time required 
by the teacher for the preparation of experimental lessons. I'^ield work. Collect- 
ing and collections. Models. 


ii. The Teaching of Botany in Universities. 

Notes hy Professor P. (). Dower. 

Trelimmaries , — ^As matters stand at present, no previous study of botany by 
the student on entry to the university can be presupposed ; a knowledge of plants 
by field collection is, however, most desirable, as well as by such teaching as 
suggested by Mr. Wager in schools ; but microscopic work in schools is not to bo 
eiiq^mraged : the time would be better employed in acquiring even the rudiments 
of French and Herman. Thu.s under present conditions any junior class in 
botany in a university will necessarily be mixed, as regards previous knowledge arfd 
scientific method, a.s much as in intellectual power of the individuals. In 
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lecturing aim not at the highest nor the lowest intellects, but so as to keep those 
about 20 per cent, down, with their minds at full stretch. 

Protest against so-called * elementary biology * as an introduction to the study 
of botany. It was merely a weak concession to" circuraetances. 

Elementary course should be attended by all, even by those who already 
profess some knowledge of the subject acquired at school, for this course should 
be a general and methodical foundation for the study on the ‘advanced stage, 
morphological, anatomical, physiological, and systematic. The length of the 
course should be not less than fifty lectures and a hundred hours of laboratory 
work closely connected with the subjoct-raatter of the lectures. Observation with 
the simple lens and drawing the results should bulk more largely than it does at 
present in laboratory teaching. jMieroscopic observation has been overdone. 

Advanced courses should treat of special branches of the science, and not try to 
be generally encyclopedic. Each course should lead the student of that special 
branch up to the limit of present knowledge, with ample i-eferenco to, and present- 
ment of, current memoirs ; thus the pupil will be introduced to the special litera- 
ture of the science, and learn how to extend it. Laboratory and herbarium and 
museum work, ranging over as wide an area of illustration as possible, should 
accompany each special course. 

Advanced students shoidd be left largely to themselves, and thus learn to think 
and act independently : the object of the student attending advanced courses 
should be not so much to acquire information, as to learn scientific method, and 
how to investigate. Microtomes should be accessories, not the divinities, of the 
laboratory. 

Eesearclu — All are not, and cannot be, investigators. Professors should bo 
discreet in encouraging research. At present the results of investigation are given 
too prominent a place in selection for preferment. Hence the rush to * investi- 
gate ' whether fit for it or not. The result is many barren piibHcations, and some 
disappointed lives. 

llosearch should not be begun too early, nor be pursued to the exclusion of 
continued general improvement in the science. ^Professors should have no com- 
punction in stopping the unfit. 

The presentment of the results of research in good literary lorm is a first duty* 
of the investigator ; there is too much voiding of mere laboratory notes, and too 
much prolix writing j an abstract should always be given. Advocate the study 
of classical papers as models. 

In the above notes no mention has been made of the general administrative 
duties of a professor apart from the teaching of botany. 


The following Papers were read - 

1. Notes on Preserving and Prejjaring Plants for Museum Purposes, 

By H. F. Tagg. 

With the object of rendering the preparations educationally more useful, it has 
been the practice in preparing specimens for the Museum of the Royal Botanic 
Garden, Edinburgh, to name the different organs by means of labels and pointers 
attached to the specimen. 

A preparation of the kind was exhibited in 1890, but the many inquiries mado 
since regarding the preparation of the specimens prompted a general description 
of the methods employed along with a statement of the results of some experiments 
which led ^ the adoption of these methods. 

I. Met7u>ds of Preserving , — Noticing first the characters of plant specimen we 
may wish preserved, the separation of these into characters of colour and characters 
of form conneides with the separation of the methods of preserving into two groups 
— ^preserving by drying and preserving by means of liquid media. Drying the 
plant has provecl the only method satisfactory for the preservation of the colours 
of plants, but fails commonly when applied to the preservation of the natural form# 
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Liquid preservatives are invaluable for the preservation of the form^ but their use 
involves a,sacriiico of the natural colours. 

Characters of colour, however, have not as a- rule the same morphological im- 
portance as have characters of form, so that preserving by drying is rarely 
, resorted to. # 

Turning to liquid preservatives, all do not preserve the form of plants equally 
well, and it is important to diatingiiish those preserving only the form and shape 
of the sej^rate parts from those preserving, not only the form of the separate 
organs, but the relationships of the parts to one another also. Expressed con- 
cretely, the separate leaves on a twig, their shape, substance, and form, may bo 
well preserved in a given medium ; but unless there is also preserved the correct 
angle at which the leaves stand out from the stem, and their relationships to one 
another in leaf symmetry, then the preservation of the form of the specimen is of 
a limited hind. Again, the value from this point of view of any preservative 
differs somewhat according to the character of the specimens to be preserved. 
These may be grouped as follows : — 

1 . Herbaceous plants and organs which in the natural state owe their shape 
and firmness to the turgescence of the cells more than to special strengthening 
tissues. Such specimens flag and become soft when that turgescence is lost. For 
these strong alcohol has given by far the best results. It penetrates quickly 
and fixes by dehydration the shape and position of the parts before changes "due to 
loss of turgescence occur. Formaline may preserve well the form of the separate 
parts, but the specimen remains soft and the organs flaccid and drooping. 

2. Woody structures, twigs, roots, &c. For these alcohol or an aqueous 
medium answers equally well. The choice of one or another is determined by a 
consideration of the ultimate method of exhibition. 

3. Succulent plants, succulent fruits, and all bulky specimens containing rola- 
" lively large quantities of water. Alcohol if employed for these often causes 

(contraction. Formaline or some other aqueous medium is to be preferred, as such 
penetrate less readily and exert a le.^ energetic attraction for the contain^ water. 

II. Jlleachmg , — Specimens which darken in the alcohol or formaline in which 
they are preserved are bleaclied by one or othei' of the following metliods : — 
(a) By immersion in hot # 1 ’ boiling water ; (4) by means of acid alcohol ; (c) by 
the use of bleaching solution (hypochlorite of lime). To prevent as far as possible 
the darkening in alcohol the specimens are immersed in the preservative as soon as 
gathered, and when possible exposed at once to direct sunlight. 

III. Mounting , — The specimens are attached to thin clear glass by means of 
photoxylin or gelatine, the glass being cut to fit the rectangular vessel in which 
the specimens are to be exhibited. The back of the vessel is painted a suitable 
colour, coloured glass is placed behind the clear glass. Never is the specimen 

^ mounted direct upon blue or opal glass, as this renders impossible a change 
of background should the continued bleaching or darkening of the specimen 
demand it. 

The naming of the parts of the specimen is accomplished as follows : — 

1. The parts named are pointed out upon the specimen itself by means of 
pointers made of thin glass tubes containing colouring mutter to render them 
conspicuous; or 

2. A photograph or drawing of the specimen is made, and the names of the 
parts indicated upon this. 

• 

2. Tlie Anatomy of Ceratopteris thalictroides 

By Sybille O. Ford, Nettmham College^ Cambridge, • 

^ Cemtopteris thalictroides is the single member of the Parkeriaceee. It is an 
.annual aquatic fern which occurs in the tropics, either rooted in the mud or 
\ floating freely. 

The stem is much reduced ; sterile as well i^s fertile leaves are found, both 
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kinds bearing numerous vegetative buds. 'Plie sporangia are scattered on the under 
side of the fertile leaves, and have no true indusiuiu. The roots in the mature 
plant arise from the bases of the petioles. 

The vascular bundles in the petiole are arranged in two concentric rings, the 
outer ring being the larger ; each individual bundle lias a bi-cpllateral structure. 

The stem is polystelic, an outer ring of large steles and an inner group of 
smaller ones being found. The structure of each bundle is bi -collateral. In 
young stems the steles aro all the same size, the bundles of the first, leaves and 
roots of the young plant being in chise connection ^vitli those in tlio stem. The 
apex of the kein is in the form of a cone with a three-sided apical cell. 

The roots liave a single stele and several air-passages. The latter arise as 
splits between cells at a short distance below the three-sided apical cell. 

The vegetative buds arise from a single coll. The apical cone is at first very 
broad, with a three-sided .apical cell. In older buds the apex gradually narrows. 

Ceratojitaris has more strongly marked aflinititvs with the Polypodiacero than 
with ain' other of the Ijoptnsporangiate ferns. Jt has slighter affinities with the 
Marsiliacem, and may possibly be intermediate in position between these two 
orders. 


3. An Appamfns for Stndijing the Rate of Flow of Solutions in Plant 

Steins. Bij lliciiARD J. Anderson, J/.Z)., Professor of Natural 

History^ Queen^s College^ Gahray. 

The agents producing the circulation of 11 aids in plants have been regarded as 
mainly physical. Osmosis, capillarity, the removal of the fluid by transpiration, 
chemical changes in the tissues and fluids, and, if some biological factors bo 
added that work out the details of distribution, the agents are well-nigh cata- 
logued. Vital force, if one may use the term, and the change from liquid to 
gas, and the reversing of this process, have failed to explain the rise of Ruid 
in stems to a height of 200 to iiOO feet above the earth. It is therefore of 
interest to study the conditions under which solutions tuayerse stems. T\yo 
methods of studying the laws of transmission naturally suggest themselves. A 
water-head may be .'rocured by placing a box at a level ^ulficiently high to secure 
the desired pressure and a portion of the stem to be examined connected by a 
.suitable tube to the reservoir; or, imitating the force of transpiration, a suction 
force set up by means of an .aspirating reservoir may bo employed. 1 have used 
the following method : A rod four feet long is fixed at its centre to a rotating 
axis. The axis is caused to revolve by a motor (electric preferably). 3\vo stems, 
as nearly alike as possible, five-eiirbths of an inch in diameter at the thickest end 
and eight inches long, are taken and connected each to two small bottles or tubes 
by caoutchouc. Each bottle has a tube, or second neck, lending to the outer air 
to maintain the pressure uniform in the bottles. The tube at the stem pole of one 
of the specimens to be examined and that at the root pole of the other are to be 
three-quarters filled witli weak solution of yellow prussiate of potassium in eacli 
case, or a solution of eosiu. A solution of perchloride of iron can bo used to test 
the stems in tlie former case. The two stem specimens are now to be fixed to 
each side of the rod with the bottles contiuning the iluids nearest the centre and 
at the same distance. An axial reservoir may be substituted for tlie t-^o inner 
bottles. This Jias been completed, but ! hav(3 not yet u.sed it. Stems of yEsculus, 
Syringa, and Pliiladidpiius liavo been employed. Solutions pass freely through 
stems of Syringa, if tlie bark Ijo retained, when the rod moves at the rate of ninety 
revoluttons per minutt\ In some experiments the flow from the radical to tlie 
apipal pole seemed freer. The fluid pa.ssed much less freely after removal of the 
bark. ^ These statem(*nt8 are only provisional. The following interesting ques- 
tions arise : (a) The rate of flow in diflerent stems ; (h) the comparison lof the 
flow, from the radical pole of one stem with the flow from the apical pole of 
another ; (c) the comparison of the conducting power of the barked stem with 
the stem in which the bark is intact ; (d) the conducting powers of the different 
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tissues ; (c) the influence of lateral pressure x (/) the difference for different 
fluids. • 

4. On the Anatomy of Todea, with an Account of the Geological Ilifitory 
* , of the Osmundacere, Jiy A. C. Seward, and Miss Sybille 

O. Ford. • 

The ahatomical structure of the "enus Oamwida has been dealt with by several 
writers, and more particularly by Zanetti in an able paper published in the 
^Botanische Zeitung’ for 1895, but the other genus of the Osmundaceae has not 
recf'ived equal attention at the hands of anatomists. Our work, which was under- 
taken with a view to discover in what respects Todra differs from Os^minda, 
includes the examination of Todea harbara and T. svporha^ as well as the investi- 
gation of series of microtome sections of young plants. The family Osmundacefo 
is usually regarded as to some extent intermediate between the Eusporangiate 
and Eoptosporangiate ferns, and in many respects the two genera Osmumla and 
Todea are of interest in regard to the phylogeny of the various divisions of the 
Filicinm. 

The stem of Todea harhetra is traversed by a single stele composed of xylem 
groups surrounding a central pith and separated from one another by medullary 
rays : these groups vary considerably in shape and number at different levels. There 
may be as few as two or as many as eight xylem strands in one transverse section 
of the stem, while in OAmunda regalis the number is considerably greater. The 
xylem strands are surrounded by parenchyma, and the sieve-tube zone occupies 
the same position as in Oaniunda. This zone, which is continuous in O. regalia, is 
occasionally discontinuous in Todea opposite some of the xylem strands. The 
comparatively large siove-tubos occur in triangular patches at the outer end of 
each medullary ray. A characteristic band of tangentially elongated elements 
succeeds the sieve-tube zone, and this is followed externally by a parenchymatous 
band, the outermost layer of which constitutes the endodermis. The paper deals 
with the pliyllotaxis of Todea bartara, the origin of the leaf-traces, and the gradual 
alteration in struefure which the collateral leateaco undergoes as it passes out from 
the stele of the stem as a horse-shoe shaped strand with one protoxylem group 
and gradually assumes t^e form of the broadly U-shaped concentric stele of the 
petiole with its numerous protoxylem groups. The anatomy of * seedling’ plants 
of Todea is found to agree with that of Osmunda regalia plantlets as described by 
Leclerc du Sablon. As bearing on the questions of relative antiquity and phylogeny 
of the members of the Filices, w’o have endeavoured to give an account of the 
geological history of the O.smundacf'jn. 

5. The Ghssopferis Flora of Austredia, 

By E. A. N. Arbkb, B.A., Trimly College, Cambridge. 

The Glossopterla flora is one of the most remarkable and widely distributed of 
fossil floras. Typical members, such ns the fern-like plants Glossopteris and 
Qangamopteris, with the Equisetalean genus Phyllotheca, occur in rocks of 
Permo-Oarboniferous age in India, Australia, South Africa, and South America, 
pointing to the former existence of a southern continent whose flora was for the 
most part distinct from that of the same age in Europe and North America. 

In the Newcastle beds of New South Wales all tlie typical members'of the 
flora occur without any admixture of northern types (e.g., Lepidodendron and 
Sigillaria), as lias bi^en recorded from similar beds in South Africa and South 
America. The flora of the Newcastle rocks is interesting hotanicafly both on 
account of the wide distribution of tho chief members, -which show points of 
^e^ility and unity in type with those of the Lower Gondwana of Indite and the 
Permian of Ilussia, and also from the morphological characters presented by many 
of the plants themselves, ’fhe collection, which forms the subject of these 
remarks, is in the Geological Museum, Cambridge, and is noteworthy as being one 
of the earliest (1839-44) formed of fossil plants from the continent of Australia. 
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TUESDAY, SEPTE3IBEE 17. 

The follo'nring Papers were read ; — 

1. Heterogenesis in Conifers, By Dr. T. P. Lotsy. 

I am going to give n demon. st ration of a very interesting fact wliicli is called 
lieterogenesis by Korschin.^ky in a lengthy paper which, originally published in 
Russian, is now published in* German in th(» last number of ‘ Flora.^ 

lieterogenesis, mutation, and spontaneous variation are all word.s for the sann^ 
meaning, but the interesting fact about them is that they seem to form at least 
one way in which new specie.^ can arise. 1 am lirst going to show you one 
of the original specimens of Cajh^ella JTeogen\ Idndly giv(*u to me by Professor 
Count Solms-Laubach. You will all have read his jiaper on this snbjt^ct in the 
‘ Botauischo Zeitung,’ and so I have only to remind you that this species was 
discovered in Lindau by Professor Ileeger, in the midst of a largo community of 
Capsella bursa past oris ^ and there can he very little doubt that this species has 
suddenly arisen from Capsella bursa past oris, I need not r(»mind you of the fact 
that Capsella .ZTccym* is true to seed : it reproduces Capsella Heegori , nnH doe.s 
not revert to Capsella bursa pastoris. 

Much more elaborate work, though on the question of tho origin of species by 
means of spontaneous variation, has, as you all know, been clone by Hugo de Vries, 
wlio i.s just publishing his important * 3Intation.stheorie.’ 

I need not remind you of his results, especially with (Enothera LamarcJctana^ 
which species he cultivated for more than fifteen years, and of which he obtained 
a number of new spt?cics, all suddenly arisen. In his book he calls attention to 
the fact that a species apparently can exist for very long periods without ovt*r 
forming new species by mean.^ of sudden variations, and that then a period may 
come during which that species does form new* species. If this is trm^, it goes 
without saying tJiat species which are in the period in which they form spontaneous 
variatiohs should be observed very carefully, and it is then* fore that I want to 
call your attention to two genera of Conifers which are in :i«period of spontaneous 
variation, a period in which they do form mutants, to use the terminology of 
do Varies, which mutants mag be true to seed, I do not say that they are, as the 
plants have not yet produced any. 

The first specie.s is Cupressus Lawsoniana, Among a large number of seedlings 
at least one plant aro.so which wa.s very dillerent indeed, as you see liere — tho 
Cupressus Lawsoniana and among another lot one which was more 

different yet, the Cupressus Lnwsojiinim Igeopodioides, Tho first one arose in tho 
horticultural establi.^^hment of v. d. Wessel in Esse, and tho other in tliat of 
v. d. Elst in Dedemsraart, both in Holland. I do not hesitate to say that these 
plants, if their common origin wi*re not known, would be described as true 
species. 

The other plant I want to show you is Thuja occidentalis Spaethi^ wliicli arose 
in the same sudden way in the horticultiu*al eslnhlishinent of Spaeth in Rixdorf, 
near Berlin. 

While I do not want to state that tlie plants here shown are new species, I 
yet dare say that a careful observation of these two genera at as many different 
portions of the world as possible may well be advised, and this is the sole object 
of my communication. 

I should think that especially Cupressus Lawsoniana is worthy of a good deal 
of regard in this respect, more so than Thuja occidentalis in fact, inasmuch ns I 
feel confident that the new forms of these two species have nothing to do with 
‘ Jugendformen,’ while perhaps some retiiio.spora question might step in in tho (ffiso 
of Thuja occidentalis Spaethi, 
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2. On a Primitive Type of Structure in Catamites. 

By D. H. Scott, M.A,^ PU.D.^ F.R.S. 

|»al«!ontological research has afforded evidence that the Horsetails and Ly co- 
pods— groups now so distihet — had a common origin. The class Spheiiopliyllales, 
restricted, so far as wo know, to the Palaeozoic epoch, combines in an unmistakable 
manner the chwacters of Equisetales and Lycopodiales, while at the same lime 
presenting peculiar features of its own. Broadly speaking, it is in the external 
morphology and in the reproductive structures that the Equisetales are 
approached, while the anatomy has an evidently Lycopodiaceous character. 

The synthetic nature of the Sphenophyllales, indicated clearly enough in the 
type-genus Sphenophyllum itself, comes out still more obviously in the new genus 
Cheirofitrobns. Ilere the general morphology of the strobilus, the form and 
structure of the sporangiophores and of the sporangia themselves are all of 
a Calamarian type, while the anatomy of the axis is as clearly Lycopodiaceous in 
charaettir. 

So far nothing has been found to bridge the gulf wliich separates the anatomy 
of the Calamariete (Palieozoic Equisetales) from that of the Sphenophyllales or 
the Lycopods. The most ancient known genus of Oalamaricae — Archteocalainites 
- -approaches the Sphenophyllales in the superposition of the foliar whorls and 
ill the dichotomous subdivision of the leaves, points on which Professor Potonie, 
especially, has laid stress. Anatomically, however, according to the researches of 
Dr. Renault and Count Solms-Laubach, it was an ordinary Calamite, differing in 
no essential respect from those of the Coal-measures. The stem oi ArQhmocalamites.^ 
like that of its later allies, had a large pith, surrounded by a ring of collateral 
vascular bundles, the wood of which, primary as well as secondary, was wholly 
centrifugal in development, the first-formed tracheides lying on the border of thio 
pith, at the points marked by the carinal canals. In Sphenophyllum^ on the 
other hand, the whole of the primary wood was ceniripetally developed, and there 
was no pith. In Cheirostrobus the same holds good, except that an insignificant 
j)ortion of the primary wood may possibly have been added in a centrifugal 
direction. In Lycopods there may or may not be a pith, but tlie whole 
(Lycopodiumj Psilatunij Lepidodendron) or the greater part {Tmesipteris) of the 
primary wood is centripetal. 

The Calamite which fjrms tht^ subject of the present communication occurs in 
the well-known Burntisland beds of the Calciferous Sandstone Series, at the base 
of the Carboniferous Formation. The material is calcified, and the structure 
excellently preserved, tliougli the specimens so far discovered are small and 
fragmentary. Their interest depends on the fact tljat each vascular bundle 
possesses a distinct arc of centripetal wood on iho sido towards the pith. The 
carinal canals are present, as in an ordinaiy Calamite, and contain, as usual, the 
remaing of the disorganised protoxylem. They do not, however, as in other 
Equisetales, form the inner limit of the wood, but xylem of a considerable 
thickness, and consisting of typical tracheides, extends into the pitli on the inner 
side of the canal, which is thus completely enclosed by the wood. Hence, starting 
from the spiral tracheides of the protoxylem, there was here a considerable 
development of xylem in a centripetal as well as in a centrifugal direction. That 
the organ was a stem, and not a root, is proved, not only by the presence of the 
carinal canals, hut by the occurrence of nodes, at which the outgoing leaf-traces 
are clearly seen. 

This appears to be the hrst case of centripetal wood observed in a Calamarian 
stem, and thus serves to furnish a now link between the Paleeozoic Equisetales and 
the Sphenophyllales, and through them with the Lycopods. ^ • 

The specimens have not as yet supplied any evidence as to the superposition or 
alternation of the verticils, so we are not at present in a position to determine the 
genus to which they belonged. Provisionally, until further investigation has 
cleaxod up this question, the new stem naay bear the name of Catamites petty^^ 
curensis, from the locality where it occurs. 
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.■). Remarks upon (he Nature 0/ the Sfdr of liquiselmn, 

Jiy I). T. GwYNNK-VAUemAN. 

Tlio va.sculrti’ bundles of Efjidsetnm are usually compared with those of u 
monostolic phaiieronram both in structural detail and with regard to thoir f;ourse 
out into the leaf. The following observations made upon the stems of E, Telma- 
i(ja^ &c., show that this t;omparison cannot bo satisfactorily maintained. 

It was found that of the three strands of xylem present in each bundle of the 
iiiternode, the carinal strand alone passes out at the node as a leaf-trace.* The two 
lateral strands join on to the xylem of the nodal riiig, and in certain species {E, 
hiemale, and better still in E, fjit/ftufnun) they may bo traced ns externally pro- 
jecting ridges over the nodal xylem into the iiiternode above. In passing through 
the node t hey diverge from one another so that in the internodo they are found on 
the adjacent sides of two different bundles. At the node above they approach 
each other, and in the next inleruode they both occur in the same bundle once 
again. The leaf-trace protoxylem, having entered the bundle, runs downwards for 
one iiiternode between the 1 wo lateral strands : at the node below it divides into 
two branches which curve to the right and the left in order to fuse with the 
neighbouring leaf-traces that enter at this node. 

8o the xylem of the so-called vascular bundle of Equuotum consists of tlireu 
strands, two of which are lateral and cauline, while the median, or carinal, strand 
is common to both stem and leaf. The fact that only a small portion passes out as 
a leaf-trace, and not the bundle as a whole, constitutes an essential point of diflbr- 
ence between it and the bundle of a phanerogam. 

The tracheides in each strand are very few, and consequently it is difficult to 
determine the direction of their development. However, as regards the leaf-trace 
and the carinal strand, it appears clear that they ari^ not exarch but endarch, or 
perhaps slightly niesarch on the adaxial .side. The lateral si rands, as a Avhole, are 
difterentiated later than the carinal strand (as might be expected from the close 
relation of the latter to llie leaves), but th(*y do jiot seem to bo a continuation of 
its centrifugal development. On the contrary, in E, where as many as 

ten to tifteoii elements are pveseiil in each lateral strand, the sinallost ol* them are 
invariably at the outer extremity, and they gradually increase in size inwards. 
Longitudinal section.s show that Ihe largest tracheides are coarsely rcticulato 
with largo pits and very broad bands of thickening btdween them ; in the 
smaller elenierit.s tlic reticulation btjconie.s liiitjr and more regular, and in the 
smallest it closely resembles true sjural thickening. I’o state deJinitely whether 
the lateral strands are exarch or Jiol was not possible, because no incompletely 
differentiated portions of the stem were availabh; ; so the question must remain at 
present undecided, although the mature structure certainly givers a strong imx)res- 
sion (d* centripetal developi nent . Isotonic ' has established a comparison between the 
secondary vascular tissues of the Calamarue and the Sphenophtfllcwmi ])y nacutally 
doing away ^v’itll the yeiural mass of primary xylem that exists in the latter. By 
inverting ibis ])ro(.*e(Ini’(?, and con^»id(;ring it pos.sible that the ancestors of the 
Equisetunis may have possessed a xylem lh«at extended to the centre of the stem, 
one is led to derive their structure, as it exists at present, from the modification of 
a stele with a solid central mass of centripetal xylem such as that of fij)hmophyllunif 
oi‘ of certain Lepidodeiidreaj. To illustrate the nature of the modifications that 
such a stele would have to undergo, a series of parallel developments may be 
pointed out within the latter group {Lepidodendron lihodumnensCf Selagimides, 
llarcourtiif Siyillarta apinosa, and Menardi)^ in which parenchyma appears in the 
xylem, and gr^ually increases in quantity until only an attenuated peripheral ring 
of xylew. remains, which then becomes more or less broken up into separate 
strands. 

It is suggested that the lateral xylem strands in the vascfiilar bundles of the 
existing Equisetums may perhaps be taken to represent tiio last remnants of a 
primitive central mass, and that this would be entirely in agreement with^ their 
apparently centripetal development, and in particular with their cauKne course. 

* Pfi<inzcnpaldeontologiCi^.20T>. 
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1. Dl*i tSUv>r- luid Cultn-Flura des llmrxs, Vuu Professor H. Potonie. 


• 5 . On two Malayan ‘ Mynmcophiloua ’ Fcrna, lly Pi,. H. Yapp. 

Polypodiuiu ^Ijecaiioptoris) eamosiiiii (Bliiiuo) and Polypodiiim sinuooutti 
(Wall) are* two epiphytic Pei-iis which oceiu* almost exclusively in the jMalay 
r(;niusula and Archipelaj^^o. ^ 

Their creeping rhizomes are thick and Ilosliy, the ventral surface closely 
adhering to the substratum, th(j dorsal hearing the leaves, Avhich arc articulated, 
iipoj) large conical leaf-cushions. Branching Is lateral, and is so frequent in the 
case of l^olypodium carnosum that thick compact masses of interlacing stems are 
formed, which completely encircle the branches of the tree on which it grows. 

Th(^ fleshy stems of both Ferns are traversed by an extensive system of hollow 
spactis, which, like the galleries of .Myrmecodia and Ilydrophytiim, are invariably 
inhabited by colonies of ants. These ^aut-galleriss^ are arranged on a perfectly 
definite plan the details of which differ to some extent in the two Ferns. In both 
cases, however, there is a single main ventral gallery, which runs in a longitudinal 
direction through the stem, giving off a lateral gallery to each branch and a dorsal 
one to each loaf-cushion. The galleries are formed by th(; breaking down of a 
large-celled, thin- walled tissue, which iu the youngest parts of the stem appears 
to function as a water-reservoir. 

Though iiudouhtedly closely allied species, these Ferns have been placed by 
many authorities in different treiiera. ^Siiis has biieii largely on account of the 
curious position of the sori in Polypodhim carnosum. In this Fern, and in one or 
two of its immediate allies, the sori bnrn(' on mai’ginal lobes, which are 
completely rellexed u])OJ1 tlu? ujiper surface of the frond. This arrangement is 
possibly coiiuectod with spofe distribution. 


b. Thoj Vvfjctation of ^[o ant Ophir, 


lly A. C. Tanhley. 


7. On Certain Pohds in the Sfriietare. oj the of yKtliioiesta, llronyn.^ 
and fStoplianosperinuni, JJronyn. By Professor F. W. Olivkii, 

The author gave soiue account of the anatomy of the fossil gvmnospeiau seed, 
luiiiied by Brongiiiarl Sfeplfanofipenmun aJie.nvn’’^es, and of another seed, nearly 
111 lied the fori*goiiig, which he provisionally recognised as yl^thiotesfa siibylobosa, 
Jlrongii. Atti'iiiioii Avas draAvn to the mantle of tracheal tissue Avhich invests the 
nucellus in both cases. The possible idivsiological signiticance of this tissue was 
considered, and soino suggestions Avere ollered as to the cniiditions Avhirh led to 
I be (‘Volution of the seed in this group. The author expressed the opimoii that 
til ere was considerable jirobability that the seed habit was at its origin a sceropliilous 
adaptation. 


8. Natural Surgery in Leaves, 

By Dr. P. F. Blackman rwe? Mies Mattiiaki. 


S. On the Relation tetween CO\ Prodaction and Vitality, 
By Dr. F. F. Blackman and Miss Matthaei, 
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9. On the Strength and Keaistance to Pressure of Certain Seeds and Pruits, 
By G. F. Scott Elliot, BBc,, F.C.S., RR.G.S. 

Everyone is familiar with the oxtraoixiinary hardness and' toughness of many •> 
common seeds and fruits, but the writer has failed to disco vei%. any definite ancl 
detailed account of the amount of weight which such seeds can endure without 
breaking. The experiments, of which an abstract is given, wer<^ generally 
conducted with a spring balance weighing up to* 50 lb., and carefully tested 
befoi’ehand. Those seeds and fruits which withstood a pressure of 50 lb. were 
tested with a Wicksteed’s singlo-lever vertical testing machine, which, through 
the great kindness of Professor J. G. Longbottom, JNJ.E., M.I.ME., was placed at 
the author’s disposal, lii all cases the weight mentioned is that at which the 
first sign of decided injury could be perceived. JMany other seeds and' fruits were 
tried, but a very large number were found uusuitablo, through the difficulty of 
distinguishing the exact moment at which bursting occurred. 



Number 
; examinet 

Weight in pounds 

Avcnigo ' Maximum i Minimum 

h'umaria oiliciiialis L., nutlet . 

4 

1-256 

1*75 

1 

* Cardamoms (Native) ’ seeds . 


700 

1 

8 

Mustard seeds .... 

no 

1-88 

; (j-7n 

8-75 

! Turnip seeds 

no 

I -655 

2-25 

1 

Cabbage seeds 

no 

21G 

3!jr, 

1 i 

' Viola canina, /i., seeds . 

10 

21 

2-5 

15 ' 

' Orange sefid.s 


82-OS 

.JO 

20 

i Cottonseed seeds .... 
Pomegranate, Punica granatura, A., 

no 

IG-tfl 


11 1 

seeds 

Spindletree, Euonymus europicus, 

r>o 

ii:{3 

)9-5 

10 

A, secd.s 

15 

4-88 

o*n 

3-5 

Ilippopliac rhamnoides, X., seeds . 

— 

7-486 

10-5 

4 

hen tils seeds 

Crab’s Eyes, Abru.s prccatorius, Z., 

7 

22-428 

25 

20 

seeds . . . 

4 

80 857 

41 

IS 

1 Vicia Craccii, Z., seeds . 

5 ! 

13-2 

15 

12 ! 

i Sweet P(?as seeds .... 
i Calabar Bean, rhy.sostigma veni- 

; 3' 1 

! 

3200 

no 

IIJ ! 

i 

nosum, seed .... 

1 1 

10-50 


— i 

Castor oil, llicinus comniunis, Z. . 

17 1 

17-81 

21 


Hemprccd, Cannabis saliva, Z. 
Hornbeam, Carpiiius Betulus, Z., 

50 ' 

' ^ i 

1-335 

7 

2 

nuts 

n ' 

27-0 

,*{0 

25 : 

ITnus stobiis seeds . 

no 1 

3-62 . 

(! 

2 

P. raontana seeds . 

50 I 

l-(;5 i 

2-75 ! 

'5 

V. austriaca seeds .... 

50 

1-575 

G-n • 

3 

P. Pinaster seeds . . . . ; 

50 

n-15G 

11 

8 

P. Cembra seeds . . . . | 

n 

22-83 

2t» 

20-5 

Picea Gzcelsa seeds . . . . | 

50 

3-72 

5-26 

1-5 

Yew, Taxus baccata, seeds . . j 


It; 

20 

13 

Carex pendula, Utricle . . 

25 

2-18 

4-5 

2 

AVheat (Red Fyfe), Caryopsis . 

.50 

20-12 

1 30 i 

12 

Wheat (White Fyfe), Caryopsis 
&c. &c. 

. , -Kw y 1 

50 

i 

1710 

1 26 

10 

jt — 


la the cases of the following seeds or fruits the breaking weight was over ^ 
601b. It was therefore not possible to test so large a number as the author^ 
would have desired. 
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. , , , Weight in pounds 

; Number 

• : Ji" 


Brazil nut (nut) • . 

‘examined'’ 

1 

Average 

570S 

Maximum 

Minimum 

Ibazil nut (seeds) .... 

4 

f»4 20 

118 

80 

Sapucaia nuts, ®Lecy this ollarijt, L. . 

i 

S2-33 

' 100 

58 

Prunus k’adus, Z., Cocci . 

1 Ci 

H()*4 

; 112 

48 

Plumstones Cocci . • , • 

! t> 


! !)'.) 

r>i 

‘Peachstones Australian " Cocci 

I 

lT7*r,07 

1 200 

1 •>.» 

Cornus ma.s, X., Cocci 

r> 

82*0 

• in 

oo 

Manihot Glaziovii seeds . 

! :i ; 

I17*s:'. 

; I2:i 

114 

Hazelnuts, Corylus avellauri, L., 
nuts 

7 

r..vi4 

' 80 

32 

Walnuts Cocci . . . . . 

< 

7:iT, 

; so 

07 

Hickory nuts (Carya .sp.), Cocici 

4 ' 

1 40‘7r» 

; ino 

] 

Job’s Tears, Coix lachryma. Peri- 
carp 

4 ; 

00-20 

00 

40 


The surface of the fruit or seed in actual contact with the glass at the momtait 
when breaking occurs is generally Tory sin.all. In order to find the jiressuro ])er 
square inch this surface was measured, and its area calculated in the following 
manner. An object-glass was painted with a thin layer of black paint, and 
pressed down upon the seed. That part which was in contact was of course 
coveiied by the paint ; a piece of white cardboard was then pressed down over the 
seed under glaas, and the area of the stain on the cardboard was calculated by the 
help of-a glass slide ruled in lOOths of an inch. It was found that the pressure 
in pounds to tlie square inch was as follows : — 

In the Cabbage seed . . about 160*3 lb. to square inch, 

„ Hemp seed. . . „ 433‘5 lb. „ 

„ Kuonymus europjeiis „ 241 lb. „ 

But of course a square inch of surface is never called into action under natural 
conditions. 

The resisting power ’depends chiefly upon the^ shape of the seed and the 
character of the sderenchymatous tissue. Generally speaking, the curve of the 
transverse section of a seed shows an unmistakable resemblance to that of an 
ordinary stonebridge. On the other hand, both the longitudinal vertical Section 
when the seed is lying a flat surface in a natural position) and the longitudinal 
horizontal section are generally lanceolate to ovate in shape. Those latter curves 
are probably of great importance, but for a diflerent purpose. It was found, c.y., 
diflicult if not impossible to exert sufficient pressure on the seeds of orange and 
Abrus precatoriiis, even when two surfaces of wood were employed to hold them, 
the shape and the slippery or smooth coats of the seeds resultiug in the seed 
springing out and jumping- off. It is possible to make orange seeds, e.g,, jump 
fifteen feet along a flat surface by a slight blow on the end. This peculiar shape 
will probably enable the seeds to escape from the teeth of an .'inimal, or perhaps 
facilitate their passage through the alimentary tract. Some of the curves of the 
seeds employed are ilustrated in the paper. 

Many special peculiarities of fruits and seeds are important aids to their 
resisting power. In particular, the ridges on the cremocarps of IMyrrhis and 
Carraway, the peculiar three-cornered nut of Beechmast, the spongy pericarp of 
Tropffiolum, very greatly diminish any danger of injury by pressure from above, 
as they yield to the pressure and do not break. When seeds are lying on bare 
earth they are often simply pressed into the earth if any pressure is exerted? upon 
then^. Thus, e.ijr., four seeds of Hemp were placed upon a layer of earth only a 
quarter of an inch deep, vjrhich was spread upon a glass plate. A weight of 
placed gently on these seeds simply buried them in the earth Without 
injuring them in any way. 

1901 . ‘ 3 k 
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The following Papers wore rc'ad : — 

1. CiUicnlar Structure o/’ Euphorbia Abdelkdri. 

Bi/ Professor I. Eaylky Balfour, F,R,S, < 

Enj)/iorhi(t Ahilelkuri is an inloresling aiicculont ])lant which has been broiiglit 
Innno from a small island in the vioinity of Sokol ra by tlie Ogilvie-Forbes 
Ex]) 0 (lilion. The outer surface of the ])lant in the fn'sh condition appears to be 
covered with a crust which readily cracks otf. and on examination this is found to 
consist of a number of prisms. At first sight these may be taken for some form of 
mineral iiicrnstatioii, but tlie}' art‘ not of tliis nature, but are formed by the cuticle 
of the epidermal cells. This does not form an uninterrupted layer over the 
epidermis, but the cuticle of each c‘t‘ll is se]>arable from that of the adjacent on<* 9 , 
and the prisms are inendy blocks of cuticle, each one belonging to a single cell. 
This is a const ruction ditferent from that Avhich is ordinarily met with in plants 
with thick cuticular layer. 


2. Some Ohsermtiom upon the Ymcular Anatomy oj the Cyatheacerp, 
By Ih T. (IwYNNK- V aughan. 

In a number of Dicksonias with creeping or prostrate stems it is shown that 
the vascular system is soleiiostelie, the leaf-traces departing as a single strand 
curved into the form of a horseshoe, with its concavity facing towards the median 
line of the rhworao — Dicksonia adiantoideSf cicutarUif damllioides^ apiifolia^ and 
jmnctiloha. 

In JJ, apiifolia it is found that along the free margin of the leaf-gap tlioro is a 
considerable increase in the amount of xylem in the Holeuos*,ele, causing it to 
project somewhat towards the centre of the stem. 

A similar marginal enlargement also occurs in D. aifiantoidefi ; and here it is 
continued past the leaf.gap, forming a ridge on the internal surface of the soloiio- 
stele, running from one leaf-gap margin to another. In the internode this pro- 
jecting portion of the xylem becomes separated oil’ from the rest and surrounded 
by a phloem of its own ; how^over, it remains always included within the same 
endodermis. 

In DicJcfioma rubiyinom the typical vascular ring is interrupted by gaps other 
than those duo to the leaf- traces, and it may therefore be termed polykeljc. In 
addition there are two or three small accessory stoles lying within the vascular 
ring. Throughout the internode the course of these internal steles is quite free 
from the vascular ring, hut, at each node one of them approaches the free margin 
of the leaf-gap, and completcdy fuses with it, separating off again after the leaf- 
gap has b(}Come filled up. 

Pterin data var. Karnte/nana lias a typically solenostelic vascular riiijy, and 
also possesses internal accessory steh's, which behave in a manner quite similar to 
those of Dicknonia rubiyinom ; hut, they are relatively larger, and frequently they 
all fuse up together so as to form a second, inner, completely closed vascular 
ring. 

It is suggested that the several internal steles and vascular rings that occur in 
the Sacco'iomas and in Matonia peciinnta are also of the same origin and nature 
as thpse described above. 

The ^relation of the Internal accessory steles in certain Cyatheas to those of 
Ibe above-mentioned ferns is also discussed. #. 
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3. On the Anatomy of Dan.MRa wnd other Marnttiaeeie. 

• Jty GKORfii: BliKHXKR. 

Various 8pt'oi(‘s of t.liu ^^avattia^e5l‘ \v«m*o sliidicd for the comparative anatomy 
of 1 lie adult. f^\Y\\i^\\\'i'if M'ni Daurea .nniptiri/oliiff liud;:^<‘, for the development of 
the vascular sy^ein. 

1 . I'lenolopment of the vascular system of J)ana;a mniylici folia ^ lludge. 

The primary vascular axis* is a simple concentric stele. The xylem consists of 
a central mass of small scalariform tracheids, without any con j unctivo parenchyma. 
Th(i phloi'in consists of a layer of .small sieve-tubes separated from the xylem by a 
layer of parenchyma. The pericycle may be absent or only imperfectly repre- 
sented. There is a definite eiidoilermis, but the constituent cells are not clearly 
always the innermost ones of the extrastelar parenchyma. 

When the cotyl(!don-traco is about to be given off the xylem of this vascular 
axis, or * protostele/ is .separated into more or less unequal portions by a layer of 
]);uvncbyma. The parenchyma inci*ea.ses in amount, and ultimately tlie cotyledon - 
t race is separated from the central stele. The cot yledon- trace is collateral. The 
next few leaf-traces are given off in the same manner, and are likewise collateral. 
Tin* stele resumes its simple ^protostelic* appearance, f’aiiline roots occur, but not 
regularly. 

As further h.*af-traces d(^part from, and root-traces join, the vascular axis, tlie 
])riinilive structure is gradually modified, and it may become more or less 
crescentic, ft>rming an incomplete, or even complete, gamostelic ring. The spaces 
left by tlie <leparture of tJie leaf-traces now constitute leaf-gaps. The vascular 
tissue* of this stage may he described as a ^ siphon os tele with leaf-gaps.* 

The time of a])pearanco of the first mucilage canal varies. The earliest occiir- 
rt'iice noted wa.s after the third leaf-trace had bt'en differentiated. 

In one .s(*edling a curious ligament of phloem was observed, which pursued an 
oblique course upwardaand connected the two horns of a crescentic vascular mass. 
'I’ll is .strand of phloiim interrupted the course of the central mucilage canal. 

At first the leAf-traces arc .simple and collateral ; later they are simple and 
concentric; stiil later each trace divides into a pair of strand .s n.s it recedes from 
tlie axis. At a higher level the leal-trace consists of a pa.>»* of strands each of 
which take.s its departure .^separately. 

A remarkable deviation in the early stages of development was shown by one 
seedling. A mass of parenchyma eaidy made its appearance in the centre of tlie 
xylem, simulating a pith. Careful examination showed that this was due to 
abortion of the cotyledon and its trace, and exceptionally early preparation for the 
dejiarture of tlie tlirei* succeeding leaf-traces. 

2. Stele of the Marat tiaconc. 

The structure of the ‘.stele,’ as seen in transver.se section, is singularly uniform 
in es.sential histological details tlirougbout the group. It may be said to be of the 
f'l’ii type, hut there is no endodernu.s (/.e., in the case of well-grown plants), and 
the ])oricycle i.s not characteristically present. 

The protoxylem is usually endareh — at any rate in the frond — but it may bo 
Tuosarch. 

1’lie protophloiim is internal. Tliis was fir.st demonstrated in the steles of the 
stem by Miss SIiove.‘ It has since been found to be internal in the steles of the 
frond of two species of Daucea and of Marattia alaia. There can be little doubt 
lhat the internal position of the protophloom is general for the steles of both stem 
and frond in this group of ferns. • 

ih Apical growth. • 

All the fre.sh evidence obtained while studying the seedlings oi* Daneea 
mnplicifolia is in favour of an initial group, consisting of a few cells, both in stem 
and root. 


* Annnh JRot., vol. xiv. 1900, p. 497. 
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4. Ivoot.**. 

Nothing now has boon obsorvod in the roots of the Marattiarofo. Tn iJio 
roots oi Dmuca simplicifulia fhoro is what might be called a fibrous pith, which 
Is early dillerentiated, ev('n before the main mass of the xylem lias begun to be 
lignitied. 


4. A Chapter of Plai}t-rrohUlon : Jurafinie Floraa, 

By A. C. Sewakd, F.ILS, 

From the cliffs on the Dorsetshire coast to the moorlands and headlands of 
East Yorkshire England is traversed diagonally by a band of Jurassic strata, and 
outlying patches of Jurassic rocks occur in West Somerset, (xloucestershire, 
Worcestershire, Cumberland, and elsewhere. Sediments of the same age occur 
also in Suthorlandshite, in theislaudsof Skye and Mull, and In other parts of Scot- 
land. After the tilling up of the inland lakes of the 'I’rias-sic period, tho land 
gradually subsided and was invaded by a shallow sea in wliich a thin band of 
libsDtic sediments was dopo.sited in the Tlritish area. The vegetation of this 
period is represented by the rich floras of Scania, hVanconia, and other districts, 
but in Ilritain by a few meagre and imperfect records. The rocks formed on the 
floor of tlie deeper Liassic sea have afforded several Cycadean fronds and fragments 
of coniferous trees drifted from neighbouring land. From the estuarine beds 
intercalated in the series of marine strata of the Oolitic period, an abundant flora 
has been obtained from Yorkshire and elsewhere. The roofing slates of Stoiies- 
field, described by Plot in his ‘ Natural History of Oxfordshire ’ in 1077, have 
yielded numerous fragments of plants, which may be the relicts of tho vegetation 
of an island in the J iirassic sea. From the Oxford clay, Corallian beds, and the 
Kimeridge clay a comparatively small number of plants have been obtained, while 
from the overlying Portlandian and Purbeck series the well-known Cycadean 
stems and the abundance of silicified coniterous wood demonstrate the prominent. 
rule played by gymnospermous plants in the. vegetation of the land, which had 
gradually encroached on the Jurassic ocean. Finally, a ricl\^, flora, preserved in 
the freshwater AVealdon sediments, affords a striking proof of the slow change 
in the character of the vegetation since the Inferior Oolite period. 

The chief features in the floras ranging from the IlhoDtic to the Wealdon are 
briefly described ; an attempt is made to determine the dominant types during this 
long succession of stages ii\ the earth s history, and to estimate the progress of 
plant-evolutiou from tlie close of the Triassic period to the appearance of 
Angiosperras in rocks of Lower Cretaceous age. 


5. On the Structure and Origin of Jet. By A. C. Seward, F,R.S. 

The hard jet of Whitby appears to have been used in Britain in pre-Roman 
days; it is alluded to by Caedmon and mentioned in 1850 in the Records of 
St. Hilda's Abbey. It was formerly extensively mined in the clifls of the York- 
shire coast, near Whitby and elsewhere ; in Eskdale, Danby Dale, and in several 
of the dales that intersect the East Yorkshire moorlands. The hard jet occurs in 
the Ammonites serpentinm zone of the Upper Lias, frequently in the form of 
flattened masses or layers, which in rare cases have been found to reach a length 
of 6 feet. Parkinson in his Klrganic Remains of a Former World' (1811) speaks 
of jet, in some coses, as pure bituminised vegetable matter, and the majority of 
writers regard it as having been found as a product of alteration of plant tissues. 
On the ‘other hand it has been described ns * the result of the segregation of the 
bitqmen’ in the intervals of the jet shales, which has sometimes formed pseudo- 
morph^s after blocks of wood.^ The author has recently examined several sections 
of Yorkshire jet in the British Museum, which he believes demonstrate thoeorigin 
of this substance from the alteration of coniferous wood and, in part at least, of 
wood of the Araucarian type. 

‘ Tate'and Blake, The Yorhshire LiaSt 1876. 



The occuiTence of specimens of siliciiied wood a covering layer of jet 

is spoken of by Young in liis ‘liis-tory of Whitby’ (1817). Sections cut from 
specimens which consist in part of ])etrified wood and in part of jet enable us to 
trace a gradual passage from well-preserved Araucarian wood to pure jet, which 
a (lords little or no evidence of its ligneous origin. The conclusion arrived at is 
that the Whitby jet owes its origin to the alteration of coniferous wood. The 
fact that jot Aequeutly occurs in the form of flatt(jned blocks of wood in all 
lirobability admits of the natural explanation that the jet has been derived from 
tlie wood, the form of which it has assumed, and not that the jet was formed 
elsewhere and permeated the tissues of the wood as a fluid bitumen. 


G. On Ooverunient rianting in the Isle af Man, 

Jiij (J. P. HutiUKS, F,H,a.S. 

In August last, the author, by permission from !Mr. Jlrinkwnler, Crown Lauds 
IJeeeivcr in the Isle of Man, inspected, with the liead for<‘ster, tlie lliree plantings 
(»f about 1,000 acres commenced by 8ir Henry Lock in the year 1882, and added 
to on a larger scale by his successor, the late Mr. Cieorge Cul lev, when Senior 
C-onimissioner in the Department of Crown Lauds. 

The author was informed in an interview with Mr. Watt, of CJarlisle, the 
contractor who siijiplicni the trees and planters, that the number of trees per 
acre was o,000, consisting of oak, Douglas bircb, beech, silver, Scotch, and Russian 
pine, and larch. He einploytKl eighty of his iiiirseryineu from Carlisle, erecting 
liouses and supplying their food on the spot, the cost being 9/. ])(»!• acre, iiidc- 
])endent of a five-foot stone wall, which must have added one tliird to the cost. 

The land had no surface \alue, being overgrown by whins, heath, and fern upon 
shale and impervious rock. 

Pruning and weeding from the young trees up to imw have been imperative, 
but over one half of the plantt'd area maybe dispensed with, the trees having 
mastered the situation. On the more exposed parts the trees had siiirercd from 
the winds and were dwarf(‘d, but by mutual shelter these trees, ranging to an 
ckivatioii of nionnflhin 1,000 feet high, Juive a liealthy apiiearance, showing that they 
have established roots and ])romise to become trees. On a level with the lower 
elevation planted, the* Araucaria imbrieala and many sub-tropical trees are 
thriving in tin; ox)en at Cuba Castle, having tn?e shelter. The writer made the 
observation that, though shelter, the prosp(*ctive ])ossession by the Government of 
forested lands for national emergencies, and the employment of labour for the 
islanders were leading influences with tin? Department of Crown Lands, the 
iiihabituiits and visitors to the island were much ind(*btcd for the climatic and 
])ictorial ellects, .which add to the amenities of the place us a summer and 
wiutot* health resort. The thinning of these ])lantations should shortly com- 
mence, and. should become a profit to the Govi'rnmeut, and a gri'at convenience to 
the adjoining mines and industries of tin? island. In the IToiisi' of Commons the 
work of the Department of (’rowii IjuiuIs was censured by a few chee>e-])uriug 
economists, but in the Isle of Man, so far us could bo judged, their work was 
a lesson of sound judgment, and exact administration Avith tenacity of purpose 
resulting in the assurance of success in the near future and an enduring moiiii- 
mc*nt jto the patriotic forethought of the eminent Commissioners by Avhom they 
were originally planned. 

7. On Sporc-for7natio7i in Yeasts, By T, Barker. 


8. On a Diplodia parasitic on Cacao and on the Sugar Cane . , 
* By A. Howard. 


9. On Abnormal Catkins of the Ua%eL By Professor F. E. Weiss, B.Sc*, 



858 


RKPORT — 1901. 


Section L.— EDUCATJuNAL SCIENCE. 

ruEsiDENT OK Tiui Srction — Tlio Uij’lit Uoii. Sir John E. 
UoHsr, K.C., M.l\, F.li.S. 


nii liSliA )\ SKPrEMJilCll 12 . 

TLe l*iv?i<ii‘iit dclivert *! tin- fi)ll«>\vin‘^'‘ Addro.-s : — 

The invitation of llio iJrilish As.sovialion to prosido oxer tlu? Section of 
Education, oat aljlislu'd tliia year for tin* iirst time, iias })ooii {j^ivon to nio as a 
reprosentativt) of tluit Ooverniiiont I)o])jirtnioiit xvliicli controls the larger, l)iit 
perhaps not the most efiicient, part of the Education of the United Kingdom. The 
most suitable subject for my ot)eiiing Address would t lu*rerore seem to be the 
proper function of National Authority, whether central or local, in the education 
of the people ; what is the limit of its obligations ; what is the part of l^ducation 
in which it can lead the way; wliat is the region in which mt>ro powerful inilii- 
encca are at work, and in wliieh it must take care not to hinder their operation ; 
and what are the dangers to real education ins«jparablo from a giaioral national 
system, I .sliull avoid questions of the division of functions between Central and 
Local Authorities, besot xvith so many bitter controversies, which are political rather 
1 lian educational. - * 

In the first place, so far as the mass of the youth of a country is coucernedjtho 
Public Instructor can only play a secondary part in the most important part of the 
education of the young — the development of character. Tlie character of a people 
is by far its most important attribute. It has a great deal more moment in the 
alFairs of the world, and is a mucli more vital factor in tlie promotion of national 
pow'erand iiiiiueiice, and in the spread of Empire, than either physical or mental 
endoxviuents. 'J’lie character of each gcnieration de])ends in the main upon the 
character of the generation whicli precedes it ; of other causes in operation the 
ell'ect is comparatively siiiall. A generation may bo a little belter or a little worse 
than its lorelathors, but it cannot materially dilfer from them. Improvement and 
degeneracy are alike slow. The chief causes which produce formation of character 
are met with in tlie honie*s of tlie peojde. They are of grtiat variety and mostly 
too subtle to be controlled.^ Jteligious belief^ ideas, ineradicable often in maturer 
life, imbibed from tlie (?arly instruction of parents, the principles of morality current 
amongst brothers and sisters and pt>l>ular superstitions, national and 

local prejudices, have a Isn* deeper and more jiermanent eflect upon character 
Ilian the insi ruction given in schools or colleges. The teacher, it is trui*, exercises 
hiS influence among the rest. -Men and women of all sorts, from university pro- 
fessors to village dames, liave stamped some part of their own character upon a 
huge proportion of their disciples. 15ut this is a power that must grow feebler as 
the number of scholars is increased. In the enormous schools and classes in which 
the public instruction of the greater part of the children of the people is given 
the iniluence on character of tlie individual teacher is reduced to a minimum. The 
old village dame might teach her half-dozen children to be kind and brave 
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iind to speak tlio truth, even if she failed to teach them to road and write. The 
liead master of a school of 2,000, or the teacher of a class of eighty, may be an 
incomparaoly hotter intellectual instructor, hut it is impossible for him to exercise 
much individual influence oVer the great mass of his scuolars. 

, There are, lioweyer, certain children for the formation of whose characters the 
nation is direct^ responsible — deserted children, destitute orphans, and children 
whoso parents are criminals or paupers. It is the duty and interest of the nation 
to providcifor the moral education of such children and to supply art ificially the 
influences of individual care and love. The neglect of this obligation is as injurious 
to the public as to the children. Homes and schools are cheaper than prisons and 
workhouses. Such a practice as that of permiUiiig dissolute pauper parents to 
remove their children from public control to spend the summer in vice and beggary 
at races and fairs, to be returned in the autumn, corrupt in body and mind, to 
spread disease and vice amongst other children of the State, would not be tolerated 
in a community intedligeiitly alive to its own interest. 

A profound, though indirect and untraceable, influence upon the moral educa- 
tion of a people is exercised by all national administration and legislation. Every- 
thing which tends to make the existing generation wiser, happier, or better has an 
indirect influence on the children. Better dwellings, unadulterated food, recreation 
grounds, temperance, sanitation, will all aflect the character of the rising genera- 
tion. llegulations for public; instruction also influence character. A military 
spirit may be evoked by the kind of physical instruction given. Brutality maybe 
developed by the sort of punishments enjoined or permitted. But nil such causes 
have a comparatively slight effect upon national character, which is in the main 
<ho product for good or evil of more powerful causes which operate, not in the 
school, but in the home. 

For the physical and mental d(*velopraeiit of children it is now admitted to be 
the interest and duty of a nation in its collective capacity to see that proper 
schools are provided in which a certain miuiinum of primary instruction should be 
Irtjo and compulsory for all, and, furtli(*r, secondary instruction should be available 
for those fitted to profit by it. But there are dilierenccs of opinion as to the age 
at which primary instruction should begin and end ; as to the subjects it should 
embrace ; as to the qualifications which should entitle to further secondary 
instruction; and as to.hgwfar this should be free or how far paid for by the 
scholar or his parents. 

The age at wdiich school attendance should begin and end is in most countries 
determined by economic, rather than educational, considerations. Somebody 
must take charge of infants in order that mothers may bo at, leisure to work ; 
the demand for child labour empties schools for older children. In the United 
Kingdom minding babies of three years old and upwards has become a national 
fuiictioij. But the infant * schooV it is called, should be conducted as a 
nursery, not as a place of learning. The chief employment of the children should 
he play. No strum should be put on either muscle or brain. They should be 
treated with patient kindness, not beaten with canos. It is in the school for 
older children, to which admission should not be until seven years of ag(», 
that the work of serious instruction should begin, and that at first for not more 
than two or three hours a day. Tliero is no "Nvorse mistake than to attempt by 
f too early pressure to cui'e tlie evil of too early emancipation from school. Beyond 
the inechanical accomplishments of reading, writing, and ciphering, i^ssential to 
Jiny intellectual progress in after life, and dry facts of history and grammar, by^ 
which alone they are too often supplemented, it is for the interest of the com- 
munity that oth(;r subjects should be taught. Some eflbrt should be made to, 
dcjvelop such faculties of mind and body ns are latent in the scholars. The 
same system is not applicable to all ; the school teaching: should fit in with the 
life and surroundings of the child. Variety, not uniformity, should be the 1:ule. 
Unfortunately the various methods by which children’s minds and bodies can be 
encouraged to grow and expand are still imperfectly understood by many of, 
^ those who direct or impart public instruction. Examinations are still too 
often regarded as the best instrument for promoting mental progress; and a large 
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proportion of tho cliiltiivii in schools, both olcaionlrtry ttiid secondary, are not really 
educated at all— tiiey are only prepared for examinations. Ihe delicately ex- 
]»andi]i^ intellect is cmmmed with ill-understood and ill-digestt?d facts, because it 
is the best wav of preparing' the scholar to undergo an Examirmtion-test, Learning 
to bo used for gaining luarJw is stored in the mind by a nieciianical elJbrt of 
nieniory, and is ibrgolteii as soon as the (.’lass-list is published, intellectual 
faculties of mueh greater iiii])Oi*taiieo than hnowledgi*, however extensive — as 
useful to the child whoso schooling will eeast* at fourteen us to the child for whom 
elementary iiifttriiclioii is hut the lirst step in the bidder of learning — arc almost 
wholly neglected. 

Tlie power of research — the art of acquiring information for oneself — on which 
the most advanced science dopeiuls, may by a ])roper system bo cultivated in the 
y(>ungesL scliohii* of the most elementary school. Curiosity and the desire to find 
tint the reason of things is a natural, and to the ignorant an inconvenient, pro- 
]ionsity of almost every child ; and there lies before the instructor the whole realm 
of Nature knowledge in which this propensity can be cultivated. If children in 
village schools spent less of their early youth in h‘arning mechanically to read, 
write, and cipher, and more in searching h(‘dgerows and ditch-bottoms for flow^ers, 
insects, or other natural objects, their inlolligenct? w'ould be developed by active 
research, and they would better h'arn to read, write, and cipher in the end. Tlie 
Jaciilty of iinding out things for oneself is one of the most valuable with which a 
child can be endowi'd. 'riiere is hardly a calling or business in life in which it is 
not better lo know how to search out iiiformatinii than to posse^.s it already 
stored. .Kvery thing, moreover, which is discoveri*d sticks in the memory and 
b 'conies a more secure possession for life than facts lazily imbibed from books and 
lei-tiires. The faculty of turning to practical uses kin)wledge possessed might be more 
eultivatod in Primary Scliools. It can to a limited extent, but to a limited extent 
only, be tested by examination. Elssays, compositions, problems in mathematics 
and science, call forth the power of using acquired knowledge. Mere acquisition 
of knowledgt^ does lujt necessarily confer tlie power to make use of it. In actual 
life a very scanty store of knowledge, coupled with the capacity to apply it 
adroitly, is of more value than boundless information which the possessor cansot 
turn to practical use. Some measures should be taken to cultivate taste in 
Primary Scliools. Children are keen admirers. They can be early taught to 
luoli for and appreciate what is beautiful in drawing and iiainting, in poetry and 
music, in nature, and in life and character. The eflect of such learning on manners 
lias been obscrv<'d from remote antiquity. 

i’liy.sical exercises are a proper subject for Primaiy Schools, especially in the 
artificial life led by cliildreii in great cities : both those wJiich develop chests and 
limbs, atro})Iiied by impure air and the want of healthy games, and those which 
discipline the band and the eye the latter to perceive and appreciate more of 
what is seen, the fornu.T to obey more ri^adily and exactly the impulses of the 
w’ill. Advantage should 1 m? taken of the fact that the children come daily under 
tin* observation of a qiiiisi-piiblie ollieer -the school teacher — to secure them 
ja-otection, to which they an? already entitled by law, against hunger, nakedness, 
<lirt, over-work, and otlier kinds of cruelty and neglect. Children's ailments and 
diseases should by periodic inspection be detected : the milder ones, siith as sores 
and chilblains, treated on the spot, the more serious removed to tlie_ caro of 
irarents or liospitals. Diseases of tlie eye and all maladies that would impair 
tlie caimcity of a child to earn i(.s living should in the interest of the community 
r(?f*eive ))rompt attention and the most skilful treatment avaihible. Special 
• scliools for cliildren who an; crippled, blind, deaf, feeble-minded, or otherwise 
afilicted* should be provided at the public cost, from motives, not of mere philan- 
thropy, but of enlightened Felf-inferesl. So far as they improve the capacity of 
such cj^iildren they lighten the burden on the community. 

I make no apology for having dwelt thus long upon the necessity of abound 
‘ system of Primary Instruction: that is the only foundation upon which a 
national system of advanced education can be built. Without it our efforts and; 
our money will be thrown away. But while primary instruction should be 
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provided for, and oven enforced upon, all, advanced instruction is for the few. 
It is the •interest of the commonwealth* at larg^e that every boy and girl showing 
capacities above the average should be caught' and given the best opportunities 
for developing those capacities. It is not its interest to scatter broadcast a huge 
system of higher tinstructioii for anyone who chooses to take advantage of it, 
however unfit receive it. Such a course is a waste of public resources. The 
))i’oadcast education is necessarily of an inferior character, as the expenditure 
which pfiblic opinion will at present sanction is only suflicieiit to provide 
education of a really high »c.'ilibro for those whose ultimate attainments will 
repay the nation for its outlay on their instruction. Tt is essential that these few 
should not belong to one class or caste, but should he selected from the mass of 
the i)eople, and be really the intellectual elite of the rising generation. It must, 
however, bo confessed that the arrangements for selecting these choice scholars to 
whom it is remunerative for the community to give advanced iiistniction are most 
imperfect. No * capacity-catching machine ' has been invented which does not 
perform its function most imperfectly : it lets go some it ought to keep, and it 
keeps some it ought to let go. Competitive examination, besides spoiling more or 
less the education of all the competitors, fails to pick out those capable of the 
greatest development. It is the smartest, who are also sometimes the shallowest, 
who succeed. ' Whoever thinks in an examination,^ an eminent Cambridge tutor 
used to say, * is . lost.’ Nor is position in class obtained by early progress in learning 
an infallible guide. The dunce of the school sometimes becomes the profound 
thinker of later life. Some of the most brilliant geniuses in art and science have 
only d(jveloped in manhood. They would never in their boyhood have gained a 
county scholarship in a competiti\e examination. 

In Primary Schools, while minor varieties are admissible, those, for in.stnnrc, 
between town and country, the ])ublio instruction provided is mainly of one type ; 
but any useful scheme of higher education must embract? a great variety of 
methods and courses of instruction. There are roughly at the outset two inuiii 
divisions of higher education — the one directed to the "pursuit of knowledge for 
its own sake, of which the practical result cannot yet be foreseen, whereby the 
* scholar ’ and thi votary of pure science is evolved j the other directed to the 
acq\iisition and application of special knowledge by which the craftsman, the 
designer, and the teaobar are produced. The former of these is called Secondary, 
the latter Technical, Education. Both have numerous subdivisions which trend 
in snecial directions. 

The. varieties of secondary education in the former of these main divisions 
would have to be determined generally by considerations of age. There must be 
diflereiit courses of study for those whose <*ducation is to terminate at sixteen, 
at eighteen, and at twenty-t wo or twenty-three. Within each of these divisions, 
also, thare would he at least two types of iustruclion, mainly according as the 
student devGted himself cliieHy to literature and language, or to inathematics and 
science. But a general characteristic of all Secondary Schools is that their express 
aim is much more, individual than that of the Primary School: it is to develop 
the potential capacity of each individual scholar to the highest point, rather 
than to give, as does the l^lementarv School, much the same modicum to all. For 
t liese reasons it is essential to have small classes, a highly educated stall*, and 
methods of instruction very ditfereiit from those of the IVimary School. In the 
formation of character tho old Secondary Schools of Great Britain have held their 
own with any in the world. In the rapid development of new Secondary Schools 
in oiir cities it is most desirable that this great tradition of British Public School 
life should bo introduced and maintained. It is not unseiontific to conclude thgt 
the special gift of colonising and administering dependencies, so characteristic of 
the people of the United Kingdom, is the result of that system of self-government 
to which every boy in our higher Public Schools is early initiated. Butf while 
we<boast of the e.xce.llence of our higher schools on the character-forming side of 
their work, we must frankly admit that there is room for improvement on tlioir 
Intellectuul side. Classics and mathematics have engrossed too large a share of 
atteutiou ; science, as part of a general liberal education, has been nut recently 
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admittiHl, and is still iiuperfoctly estimated. Too little time is devoted to it tus a 
school subject: its investijratiuns and its results are misunderstood and under- 
valued. Tradition ill most schools, nearly always literary, alters slowly, and the 
revolutionary methods of science find all the prejudices of antiquity arrayed 
apfainst them. Jilven in scientitic studies, lack of time and .Jhc oblif»ation to 
prepare scholars to j)ass examinations cause tfu) much attention to bo paid to 
tlieory, and too little to practice, tliouf^h it is by the latter lliat''the power of 
original n'soarcli and of original application of acquired knowledge is hes^ brought 
out. The acquisition of modern languages was iiu b^^goiie geni*rations almost 
entirely neglected, lii many schools the time given to tliis subject is still inade- 
quate, the method of teaching antiquated, the results unsatisfactory. But the 
absolute necessity of siicli knowledge in literature, in science, and in commerce is 
already producing a most salutary reform. 

The variety of types of sticondary instruction demanded by tlie various needs 
and ])rospects of scholars requires a corresponding variety in the provision of 
schools. This cannot be settled by a rule-of-three method, as is done in the case 
of primary instruction. We cannot say that such and such an area being of such 
a size and of such a populathm requires so many Secondary Scliools of such a 
capacity. Account must be taken in every place* of the respective demands for 
respective types and grades of secondary education ; and existing provision must 
be considered. 

It must not, howcv(;r, be forgotten that a national system f)f education has its 
drawbacks as well as its a<l vantages. TJie most fatal danger is the tendency of 
public instruction to suppress or absorb all other agencies, however long esta- 
blished, however excellent their work, and to substitute one uniform mechanical 
system, destructive alike to present life and futurti progress. In our country, 
where there are public schools of the highest repute carried on for the most part, 
under ancient endowments, private schools of individuals and associations, and 
Universities entirely independent of the (.TC)v<*rnment, tlieve is r»*asoiuible hope that 
with proper care this ])eril may be escaped. But its existence should never be 
forgotten, (.'niversal ellieiency in all establishments that jn’ofess to educate any 
section of the people may properly be required ; but the variety ,nt he individuality, 
and the independence of scliools of every sort, primary and s(iCondnry, higher and 
lower, should be jealously guarded. *Sucli allributcs /^nce lost can never bo 
restorjjd. 

There still remains for our consideration the second division of Higher Educa- 
tion, viz., the applied or technological side. It is in this branch of Education that 
(ireat Britain is most behind the rest of the world j and the nation in its ellbrts to 
make up the \o<{ ground fails to recognise the fact that, real technical instruction 
(of wliatever type) cannot possibly be assiniilatt‘d by a student unless a pro])er 
foundation has bt.*en laid ])reviously by a thorough grounding of elementary and 
secondary instruction. Oar ellorts at reform are abrupt and disconnected. *A panic 
from time to time .sets in as to our backwardness in some particular branch of 
commerce or indnst^3^ Tliere is a .'<uddcn rush to supply the need. Classes and 
schools spring up like mushrooms, which profe.'is to givu) instruction in the lacking 
branch of applied science to .‘scliolur.s who liav(j no elementary knowledge of the 
particular science, and wliose gciiei'al capacities havt! never been siifiiciently 
developed. Students are inviti;d to climb tlie higher rungs of the ladder of 
learning who have never ti’i^l the lower. But science cannot be taught to those 
who cannot read, nor coniniejve tf) those who cannot write. A ft*w elementary 
lessons in shorthand and book-keeping will not fit the British people to compete 
with th(j commercial enterprise of (b*riiiany. Such sudden and random attempts 
to reform eur system of technical education are time and money wasted. Tliere 
are grades and types in technological instruction, and progress can only he slow. 
It is ulieless to acce])t in the higher branches a student who does not come with 
a solid foundation on which to build. In such institutions as the Poly technic%« at 
Ziirich and Charlottenburg we find the students exclusively drawn from those 
who have already completed the highest branches of general education ; in this 
country there is hardly a single institution whero this could be said of more than 



a mere fraction of its students, Tlie middle gi-iides of technological instruction 
sillier from a similar defect. Hoys are entered at technical institutions whose 
only pre^'lous instruction bns been at elementary schools and evening classes ; 
whoso intellectual faculties have not been developed to the requisite point ; and 
who liave to be retaught the elements to lit them for tluj higher instruction. In 
lUct there is no seidiitilic conception of wliat this kind of instruction is to accom- 
plish, and of ittf projier and necessary basis of general education. 

Yet t^is is just the division of Higher Kducation in which Public Authority 
Jiiids a lield for its operations practically unoccupied. Tlicre are no 
ancient institutions which there is risk of supplanting. The variety of the 
subject itself is such that there is little danger of sinking into a uniform and 
mechanical system. What is required is first a scientific, well-thought-out 
plan and then its prompt and effective! execution. A proper provision of the 
various grades and types of technological instruction should be organised in every 
place. The aim of each institution should be clear; and the intellectual equip- 
ment essential for admission to each should be laid down and enforced. The 
principles of true economy, from tin.* national point of view, must not be lost sight 
of. Provision can only be made (since it must be of the highest type to he of the 
slightest use) for those really qualified to ])rofit by it. to the point of benefiting 
th(! community. Evening classes with no standard for udmis&ioii and no 
test of ofiiciency may be valuable from a social point of view as providing 
innocent occupation and amusement, but they are doing little to raise the tech- 
nical capacity of the nation. »So far from * developing a popular demand for 
higlier iiisfructioji' they may be preventing its proper growth by perpetuating the 
popular miseoneeption of what real technical instruction is, and of the sacrifices we 
must make if our people are to (compete on equal terms with other nations in the 
commerce of the world. The progress made under sucli a system would at first 
be slow ; the number of students would be few until improv(?ment8 in our systems 
of primary and secondary instruction alforded more abundant material on which 
to work ; hnt our foundation wouhl be on a rock, and (‘very addition we were able 
to make would be ])ovnmnent, Jiyd contribute to the final completion of the 
edifiet*, ^ 

It is the special funct ion of the British Associiitioii to inculcate ‘ a scientific 
view of things ’ in (!very department of life. There is nothing in which scientitic 
conception is at the prdst*nt moment more urgently required than in National 
l!]ducation; and there is thisjiecnliar difliculty in tlio problem, that any attempt to 
construct a national system inevitably arouses hnrning controversies, economical, 
religious, and political. It is only a society like this, with an established philo- 
sophical cliaracter, that can afford to reduce popular cries about education (wliich 
ignore what education really is, and perp«!tuato the absurdity that it consists in 
attending classes, passing examinations, and obtaining certificates) to their true 
proporfiofls. If Ibis Association could succeed in establishing in the minds of the 
people a scimitific conce})tioii of a National Education System, such as has already 
been (!volved by most of the nations of Europe, the States of America, and our 
own Colonies, it would have rendered a vservice of inestimable value to the 
British nation. 


The following Papers were read ; — 

1. The Organ hat ion of Secondarif Edneafton. 
By Sir Hknuy K. Hoscjok, F.ILS, 


2. The Mechanism for Education in Scotland, By John Ada31S.* 

In Scotland the School Board system is universal. The whole country m 
divided up into School Board areas. It is true that there are a number of Volun- 
tary schools throughout the country, mainly connected with the Episcopalian 
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and l^)niau Catholic Churches, but these make up loss than twelvo per cent, of 
the wholo. 

]3ctweea the years of live aud fourteen education is compulsory , but exemption 
may be obtained in whole or in part on passiiif' certain examinations. 

In Scotland the lino of division between primary and secondary schools is not 
nearly so clear os in Eiijjfhind. ‘Public School’ moans in (Scotland any school, 
whether primary or secondary, that is under the mapageiiient of’ a School liourd. 
By tlie Education (Scotland) Act, 1872, eleven schools were scheduled as His/her 
Class Public; Schools. There are now thirty such schools, all of them placed entirely 
under the control of School Boards ‘ with a view to promote the higher education 
of the country.’ The fundamental difference between these and all the other 
public schools of Scotland is that the Higher Class Schools are debarred from 
earning the annual parliamentary grant. All the other public schools are usually 
referred to as ‘ grant-earning.’ Voluntary schools are also grant-earning, since 
they receive all the grants of the ordinary public schools, with the addition of an 
annual grant of three shillings per pupil in average attendance. 

The Higher Class Public Schools are supported by contributions from llie 
municipal authorities of the district, according to ancient custom, by certain 
endowments varying witli each case, by fees, and by the rates. If need be, the 
School Board may charge all the expenses of a Higher Class School on the rate.s, 
except the salaries of teachers. The Board has great freedom in dealing with the 
Higher Class Schools. It determines the qualitications to be demanded from the 
teachers, and has the power of causing candidates for the post of teacher to be 
examined. This power is rarely, if ever, exercised. The qualitication demanded is 
u.^iiially the possession of a University degree. These schools are examined 
auiiufllly. 

The grant-earning schools are subject to many more restrictions. Only dul}' 
certilicuted teachers can bo employed, and certain rigid rules about registi-atiuii, 
•‘iccommodalion, time-tables, religious instruction, have to be . attended to. The 
annual grant depends upon the report made by an inspector representing the 
Scotch Education Department. As to the subjects studied, however, there is no 
rigid line marking off the grant -earning schools from the othot^s. The tradition of 
the Scottish ParLsli School is that each school is fit to prepare a lad to go direct 
from school to university, and in the north-(;ast of S(;othiud — thanks to the Dick 
and Milne liequests — the tradition is justified to this*" day. Speaking broadly, 
however, the grant-earning school contents itself with efficient elementary work. 
The ^lerit Certificate re])resents the attainments aimed at in the elementary public 
schools. IV) gain^ this certificate the pupil must give evidence of a thorough 
grounding in reading, writing, and arithmetic, and must have a good workinj^ 
knowledge of elenituitury Englisli, nature knowledge, and the more practical 
aspects of geography, with some general acquaintance with Ikilish history. But 
wherever there Is the lea.st desire for higher education, arrangements' are made 
to cari*y the pu})il beyond the ^lerit Certificate stage. This may be done in either 
of two ways : (1) An Advanced Department may bo formed, in which pupils who 
have gained the Merit Certificate may be taught, in classes of not more than forty, 
the subjects of English, geography, history, arithmetic, and as a rule drawing; 
and ill addition such of the following subjects as are found suitable under the cir- 
cumstances: languages, mathematics, science. (2) A Higher Grade Department 
may be established, or a whole school in a district may be set apart as a Higher 
Grade School. In these schools or departments there must be a duly qualified 
teacher for every thirty or fewer pupils on the roll, and there must be a well- 
-defined course of instruction approved by the Department, and extending over not 
less than three years. The education in such schools may be predominantly 
scientific or predominantly commercial, or they may give a course specially adapted 
lor girls, or for any special class of pupils. Considerable latitude is permitted in 
proposing courses of study, even classical subjects being permitted as a subordinate 
^.part of a course that otherwise satisfies the department. But stringent conations 
are laid down to prevent serappiiicss. 

As matters stand, Advanced Departments and Higher Grade ISchools are meant v* 
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to iliomsolvf‘51. Tho pupil wlion finished with them is regarded as 

having completed his education. The Higher Class Schools seek to prepare their 
pupils for the University, though naturally a large proportion of tlieir pupils do 
not carry on their studies heyond the school. The Jjeaving Certificat^i Kxami- 
iiatioii holds the sarae relation to the Higher Class School that the Merit Certificate 
holds to the Elqjnentary Grant-earning School. In the mtiantime the subjects ot 
the Leaving Certificate Examination may be taken singly, but certificates are now 
being issued also in groups, this grouping implying school attendance ns well as 
mere passing of examinations. Subject for subject those Leaving Certificates are 
accepted by the Universities as exempting from the corresponding subjects in the 
University Preliminary Examination. Probably in a few years the Leaving 
Certificate will practically take the place of the University Preliminary Exami- 
nation. 

Besides the Higher Class I'uhlic Schools tliere are the usual endowed schools 
and company schools, which exceed in number and lival in efliciency the Scliool 
Board schools. By the Technical Schools (Scotland) Act, 1887, and subsequent 
amendments, School Boards liave the power of founding and maintaining at the 
expense of the ratepayers technical schools in subjects needed in tliiur districts. 

There are thirty-nine Secondary Education Committees, each reprcscuting a 
county, a burgh, or a parish — mostly counties — wlioso function is to distribute 
certain moneys that are set apart by the Government each year for the purpose of 
assisting secondary education. The Scotch Education Department is represented 
on each of these Committees by one of Ilis Majesty’s Inspectors of Schools. Those 
Committees wield a very important infiuence by the methods in which they allocate 
the funds. The County Councils, too, liave the power of aiding secondary or 
technical education out of certain grants made to them for various local purposes. 
There is a general desire for some unification of all the different authorities tlmt 
thus infiuence, sometimes in opposite ways, the course of Secondary Education in 
Scotland. Some recommend the handing over of Education to the County 
Councils, to be dealt with along with the other matters of local government ; 
others desire an extension of thef School Board area, leaving the control of nil 
educational matterti, whether primary or secondary, in the bands of School r>oards 
representing counties or other large areas. 

• • 


3. Organisation of Education in Glnsgov\ By Dr. W. Jack.s. 


4. The Training of the Practical ^fan, 

By Dr. John G. Kerr, Head Master of Allan Glen's School, Glasgou\ 

* m 

The author quoted Carlyle to the efiect that ‘ the grand result of schooling 
was a mind with just vision to discern, with free force to do,* and considered 
wliether the system of education at present provided was in the direction of 
encouraging that independent thought and action wliich inarketl the practical 
man in the best sense. The kindergarten and the primary school, in Dr. Kerr’s 
opinion, were now offering a liberal discipline, and the conditions under which 
the merit certificate was obtained secured breadth of general and practical 
training. That there were in the Glasgow area last year over 20,0()0 enrolments 
for special courses of instruction in evening continuation schools was fair proof of 
the efiiciency of the primary school system. Considering those pupils who 
passed into secondary schools and the average duration of secondary sclipol lili», 
Dr, Kerr pointed out that the superiority of Germany was to some exfent due to 
its military system and to the operation of * tlie certificate for one year’s military 
service,’ for that certificate not only reduced military service, but qualified for 
bu^xnesses, opened the way to higher studies, and stamped the educated classes. 
If our secondary school work waA to grow there must be inducements to ke^p 
promising pupils at school. The agencies which were at present concerned -with 
the preluninary training of those who were to be engaged in industries and 
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manufactures were higlier frrndii scliools and schnols of science. Tlio mclliods 
followed were e.vpinined, anti Dr. Kerr declared that most valuable residts ini^ht 
be anticipattnl from the biu:ldy jtfnctical training tliev ])rovided. ITe ari»iied in 
favour of thf institution of inaintenanc»* scbolarsbips, wliich would intu’ely In* 
payments durinu* tin* period of prt*paration for capabbi citizt'Usliip, and he con- 
tended that the able youth who had to face such a trade as en^ne(*rin^ should 
not be rt'quired to work throii«h five y(*ars’ apprenticeship in the sliops if the 
school trainiiif*- which he had received justified a reduction. AVith ' increased 
school training the gt'iminely eapahle youth would make the very most of his 
worksho]) experiences, would more easily find his way to higher positions, and bn 
likely to do bcttt'r national service than could hi* expected from the less educated 
youth who had been hurried into hard manual work before a basis of knowledge 
iiad been laid or good intellect nal habits acqniri'd. 

Dr. Kerr anticipated no siTinns objections to diminished apprenticeship from 
the trades unions, and the <*apitalist employer would not he altogether intliieneed 
in his attitndi* by tin* profitableness of apprent ieesh ip labour. It was the ease 
tliat many apprentices of ability were discouraged, and it was true that many 
other promising youths of scientific and m(‘ehanieal turn kept clear of apprentice- 
ship. Dut firitain could not alford to let capacity go to waste, and accordingl\ 
every effort should he made to discover and train for industries youths of first- 
class brain-power. France, in npjdying prudent and skilful methods of eliminating 
the unfit from point to point in tin* high(*r practical schools, had set an example 
which might he followed with profit. 


FlilVAY, SKPTE^UiKU l.S. 

The following Papers were read : — 

1 . Thn. Future, Work of the Section, 

7iy Professor Ji. E. ARMSTROXri, FM,S, 


2. The Ex])erimont(d Method of Teaching. 
By Professor L. C. Miall, F.U.S. 


?t. On the Scope of the Science of Education. 

By Professor II. L. VVithkks. 

At the outset of the work of the new Section of Fiducational Science it is of 
extreme im])ortaneo that we should come to some working agreement about its 
scope. There is grave risk of our being overwhelmed by a multitude of interesting 
proolems, some of which cannot properly be attacked before we have settled our 
])rocednre and arranged our topic.s in some sort of order of priority and pi'opoiv 
tional importance. In that case our disens-sions are likely to bn no more convincing 
than the debates of the, many scores of clubs and 8ocietie,s which are already pour- 
ing out an endless stream of papers and treatises on educational subjects. We 
lUust begin with the matters which are most fundamental and central, and leave 
for a while those which are subordinate and marginal. 

\V[,e start witb the claim that there is such a study as the science of education. 
A study* does not become a science until it is systematic, orderly, and continuous ; 
until the field of its investigations is marked out ; and until the t^rms which ilfuses 
rtre defined with some precision. Until this point is reached everything remains a 
matter of opinion and prejudice, and no genuine advance in thoi^ht is possible. 
We must admit that this point has not yet been reached in the Dritish study of 



'rKAi\OAl/riuno 


education, and it is the dillicult and responsible duty of this Section to attempt to 
place our, study upon an objective and truly scientific basis. 

Tlie necessity for a scientific study of ^ucation has been brought home to the 
Irtish Association by thte force of events. Discussions have arisen from time to 
time in the variou.^ Sections as to the true methods of teaching different subjects of 
science. In the Section of Chemistry much valuable work has been done, under 
the lead of Professor Armstrong, by means of a committee working in co-opera- 
lion with practical teachers. Much also lias been accomplished by the Geo- 
graphical Section for the refoj’m of methods of instructimi in geography. 

Tliere can be. no doubt that this plan of treating education in separate de- 
part nients mak(‘s an admirable introduction to further investigation, but it is 
clc'arly inadequate in scopi and faulty in method unless it be carried into a much 
wid('r field. To begin with, the different Sections of tin? Association only touch 
a small part of the whole .‘Sphere of education. They leave out almost all that is 
implied in the training of the character and tlif‘ letdings, the cultivation of the 
power of expri'ssion througli hiiiguago, and tin* enlargement of sympathy that 
(*omes through the study of literature. Secondly, such a method of dealing with 
single subjects by themselves is nnsfmnd both in logic, and In ])ractice. The 
practical schoolmaster is attacked by sp(‘cialisfs in an endless number of subjects, 
each one of whom demands that his own speciality shall be taught, and tauglit 
tlioroughly. The schoolmaster cannot possibly teach them all; he must make 
soim* selection among them. On what rational grounds is he to do this ? His 
sebool time-table shows liis practical answer; he divides the twenty-five hours a 
week wliicli ho has to distrilnite among the different parts of the curriculum in 
C('rtain proportions, giving, let us say, five hours to mathematics, two to history, 
live to the study of the mother tongue and its literature, and so forth. If ho has 
any w<*ll-consider(‘(l and intelligihh* account to give of Jiis time-table, that account 
must be rendered in the terms of soim? theory of tlH‘ comparative importance of 
the various subjects to his pupils. This implies sorat‘ conception of an ordered 
system of knowledge? as a whole, quite apart from the individual claims of special- 
ists. This theory of the curi iciilum is an imjjorlant part of the science of educa- 
tion. Again, if we turn to the question of methods of instruction wo cannot 
solve th(? problems which th(‘y raise? by referring to the different subjects in isola- 
tion. For instance, nri? f '* teach geom»?try demoiistratm'ly in the method of 

Euclid, or concretely and through physical applications? NVe can get no sure 
answer by appenlLiig to tin? raalliematical specialists. They wdll tt*ll us that it 
dt?pend8 what our object is in teaching geometry ; what mental powers w^e wish to 
train ; what later applications w(? intend t<) make of the geomt‘trical faculty when 
acquired. Tliat is, we find ourselv<*s n?ferred partly to a consideration of the total 
aim and purpose of our talueation and partly to its teclinical bearings. And these 
an? not; mathematical considerations at all. Similarly, if we are asked liow we 
are to tench a language, let us say French, we cannot give a satisfactory answer in 
terms of French linguistic science alone. AVe must reply that it depends upon our 
teaching French, wht.*ther, tliat is, wedesin' to makt* it a key to knowledge 
of one of the foremost literatures in Europe, or whether we desirt', to give a power io 
conduct commercial corrospondonce in French, or whether we aim at both of tlies<? 
j?uds and many others that might be named. Tlu'ro is no such thing as a method 
in the abstract. A method is a means to an end, and \ aries indefinitely in relation 
to that end. 

It is clear, therefore, that the science of teaching is not the same thing as the 
leaching of science. TJie study wliicli belongs to Section L must be, in a sense, 
independent of the subjects studied in the other Sections, although, in nnothei; 
sense, it is closely bound up with them. The great work Avhich the Seetion can 
do is to introduce some kind of* order into the confusion which rages at present in 
oducational controversy. It can achieve this only by simplifying and coftcen- 
trntipg its field of work, by defining its scope, and by aiming at an orderly and 
systematic treatment of its main topics. ^ 

We may best arrive at an idea of the scope of educational science by consider- 
ing the following questions : What is it that the educator should study and practise 
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npnrt alton^otlior from tlio two or threo (lopnrtmeiiis of knowlodjyft In wliioh ho may 
hn])p**n to bo a spooialist ? What aro tho ohiof topios in repfard to which ho ouglrl. 
to seek after clear ideas and sound. action ? 

We must begin, luu'^t we not ? witli a rough working definition of education 
itself. Education is a living process in virtue of which the partly developed 
young of the human species are adjusted by nonrislnnent arid exercise to the 
environment in which, when fully grown, they will havt‘ to cOhtinue to live. 
That environment is partly physical and partly hnmnn. 

HeaUhif actimty in relation to nature and man may serve as a working defini- 
tion of our end, and in order to obtain this for children we must aim at clear ideas 
about the following points : — 

{a) riiysical health in tlu* home and in school. 

(A) A sound correspondence, implying health of brain and mnwes, between the 
mind of thi' child and tin* natural phenomena which suiTOiind it, and which 
form the background of human life. 

(c) A cultivation in the child of Inimiin sympathy with the community of 
which he is to form apart ; a power to express that sympathy in chair language ; an 
understanding of human nature and of the art and litiTatiire in which that human 
nature has most characteristically embodied itself; someknowlege of human historN 
ai>d of the gradual process by wliich mankind lias nttaimal to the ])osition in which 
we find it. All this must be accompanied by constant habituation to healthy 
activity with other liumaii beings in the social relations of home and school. 

These appear to be the indispensable conditions of adjustment of the growing 
child to his imvironraent. To aid that adjustment it is evidiuit that the educator 
must clear up his ideas on many points. V)f these the most important and most 
central might be specified as follows: — 

(i.) The hygiene of human growth, with special reference to the healthy func- 
tions of growing brains and nerves. 

(ii.) The theory of the curriculum, which must include a consideration of the 
comparative value for growing children of difierent subjects {k‘ study, and of the 
order and mutual relation in wliieh these subjects should be presented to the. 
adolescent mind. 

(iii.) The theory of method, which must embrace a study of the conditions 
under which the maximum of ment.’il and moral activit y can bo attained without 
overstrain. It will therefore comprise? an inve'stigation into the symptoms and 
causes of brain futigu«‘. It will consider the circumstances under which the 
interi'st and self-activity of children are best roused and maintained. It will 
require a series of practical experiments conducted hy trained obsor\ ers under the 
ordinary conditions of school life. , 

(iv.) The study of the conditions under which desirable qualities of character 
are product^d, such, for instance, as courage, kindness, initiative, firmness of will, 
and the like. Under this head would come tlie scientific study of piny, of imita- 
tion, of the influence of suggestion, and so forth, as \yell as of the influi*nce of the 
school community and school institutions. 

In these four topics, whicli may he summed up as physical and mental 
hygiene, the theory of tlie curriculum, the theory of method, and the theory of 
character, might b(i found a rough working sclieme of the scope of educational 
science*. Wlif'n we have arrived at some .sort of agreement upon them we shall 
have to consider the forms of administration and organisation most likely to foster 
desirabla- conditions. For this we shall need a comparative study of educational 
institutions, including those of foreign nations and those which have existed in 
the ptist. After this we may proceed to tlui corollaries and riders of our main 
topics, Such^ for instance, as the problem of how best to prepare children for par- 
ticular trades and professions, such as engineering or law, and in especial h#w to 
‘train those who are goin^ to be educators, for the efiTective practice oi the scientific 
principles of their profession. 
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4. Soine Considerations hearing on the Practical Study of Educational 
. Science. By P. A. Barnett, M.A. 


• SATURDAY, SEPTEMBER 14. 

A Jam* Discussion with Section A on the Teaching of Afalhema^ics^ 
opened by f*rofessor John Perry, F.R.S.^ 


MONDAY, SEPTEMBER 16. 

1. Joint Discussion xoith Section K on the Teaching of Botany. 
See p. 843. 


Joint Discussion ivith Section F on Commercial Education, 
ojiened by Mr. L. L. Price. — See p. 751. 


3< Report on the Teaching of Science in Elementary Schools. 
See Reports, p. 458. 


^ TUESDAY, SEPTEMBER 17. 

The following Papers were read : — 

• • 

The Influence of Universities and Examining Bodies xipon the Work 
of Elementary Schools, By the Right Reverend John Percival, D.D.^ 
Lord Bishop of Hereford , — See Reports, p. 448. 


2. Liberal Education for Boys leaving School at Sixteen ox** Seventeen. 

• • By PL. W. Eve, ALA. 

It is generally admitted that a complete cl^ical education under the best 
conditions, properly supplemented by other subjects, is thoroughly good of its 
kind. For those who have not adequate time the problem of devising a good 
curriculum, is difficult. It is necessary to guard, on the one hand, against a 
curriculum too exclusively practical, and on the other against the waste of time 
on a half-finished classical education, generally including no Greek. Too often 
the result is that time and eneigy are spent on gaining a veiy imperfect know- 
ledge of Latin, which might have been more profitably devoted to other subjects. 
The Latin learnt at school is never kept up : it contributes but little to the forma- 
tion of intellectual t&tes, so necessary as an antidote to trivial and vulgpr pur- 
suits. What is really w^anted is a secondary education at once practical and 
liberal, and that in a world much changed within the lifetime of men not yet 
old. Science must fill an important place in such an education : not onl}^ must 
«; 

Published with an account of the Discussion which followed the reading of 
(the Paper, Macmillan k, Co., London, 1901. 
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Blyth, 683. 

Coker (E. G.) and H. T. Barnes on a 
determination by a thermal method of 
the variation of the critical velocity of 
water with temperature, 579. 

Cole (Prof. Grenville) on the eaeplora- 
tion of caves in Ireland, 282. 

Collet (Miss C. E.) on the effect of Ugis* 
lotion regulating women's labour, 399. 
Colloids and crystalloids, transitional 
forms between. Dr. Gladstone and W« 
Hibbert on, 604. 

Colonial policy, British, in its economic 
aspect, A. B. Clark on, 755. 

Colour vision, Dr. F. W. Edridge-Qreen 
on, 817. 

Conductivity of metallic particles, the 
change of, under cyclic electro-motive 
variation. Prof. J. C. Bose on, 534. 
Congo, Portuguese, itineraries in, Bev. T. 
Lewis on, 717. 

Conifers, heterogenesis in. Dr. T.P. Lotsy 
on, 848. 

Conwbntz (Prof. H.) on the past history 
of the yew in Great Bjritain and Ire- 
land, 839. 

Cooper (C. Forster) on the fauna of an 
atoll, 692. 

Copeland (Prof. B.) on meteorological 
observations on Ren Nevis, 54. 
Copper-bearing rocks of S. Australia, 
F. P. Mennell on, 665. 

Copper ores of Scotland in their geolo- 
gical relation, J. G. Goodohild on, 
647. 

Coral island, the land crustaceans of a, 
L. A. Borradaile on, 692. 

islands of the Maldives,, J S. 

Gardiner on, 683. * 

reqfsofthe Indian regions. Second 

report on, 363. « 

Corbett (Cameron) on the real inci- 
dence of local rates, 757. 
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COBNisn (Dr. Vaughan) on terrextrial 
outface wavet^ 898. 

on the size of waves as observed at 

sea, 773. 

Correoponding Societiet Comm i ttee : 
Mporty 465. 

Conference at Glasgow^ 466. | 

List of Corresponding Societies, 487. | 
Papers published by Local Societies, 
490. I 

COBSTORFHINE (R. H.) and Dr. O. G. 
Henderson on the condensation of i 
bcnzil with dibenzjl ketone, 607. i 
COBTIE (Rev. A. L.) on the drift in ; 
longitude of groups of faculas on the | 
san*s surface, 542. j 

’'‘Cosmography, the representation of the i 
heavens in the study of, A. Galeron | 
on, 727. ! 

Cottrell (F. G.) on the theory of the j 
Lippmann electrometer and related . 
phenomena, 548. | 

Covellite, the occurrence of. in associa- ; 
tion with malachite in the sandstone j 
of Kingsteps, W. Mackie on, 651 . j 

Craig (E. U. Cunningham) on cairn- | 
gorms, 654. | 

♦Craw (J. A.) on the effect of non- j 
electrolytes on the Lippmann electro- j 
meter curve, 549. j 

* on the determination of the surface | 

tension of mercury by the method of | 
ripples, 549. 

on the potential differences of 
allotropic silver, 549. 

Creak (Capt. E. W.) on determining | 
magnetic force at sea, 29. 

Cbeb (T. S.), a business man on supply ! 

and demand by, 748. | 

*Cbemieu (Dr. V.) sur les effets de la | 
convection 6iectrique, 581. j 

on a new point of view about gravi- j 

tation and a proposed experiment, 561. ; 
Crete, Report on explorations in, 440. | 

the Neolithic settlement at Knossos j 

in, A. J. Evans on, 792. | 

explorations at Zakro Jn, D. G. | 

Hogarth on. 793. j 

Crick (G. C.) on life-zon.es in the British 
Carboniferous rocks, 288. 

Crompton (Col. R. E.) on the resistance 
qf road vehicles to traction, 402. 

— on the B.A. screw gauge, 407. 

Address to the Section of Engi- 
neering by. 761. 

Crook (C. V.) on the collection of photo- 
graphs of geological interest, 339. 
Crooke (W.) on the Natural History 
amd^hnography of the Malay Penin- 
sula, 4*11. 

* on the proposed ethnographic sur- 

' vey of India, 806. 

Crustaceans, land, of a coral island, L. A. 
Borradaile on the, 692. 


Crystal structure. Report on the develogt- 
ment of the geometrical theories of, 297. 

Crystals, the application of the equili- 
brium lawvto the separation of, from 
complex solutions, Dr. E. E, Armstrong 
j on, 262. 

» ’•* dredged from the Clyde near 

Helensburgh, J. S. Flett on, 685. 

Cullen (Rev. J.) and Lt.-Col. Cunning- 
ham on kdoneal numbers, 552. 

Cunningham (Lt.-Col. Allan) on tables 
of certain mathematical functions, 54. 

and Rev. J. Cullen on idoneal 

numbers, 552. 

and H. J. Woodall on the deter- 
mination of successive high primes, 558. 

— (Prof. D. J.) oti the exploration of 
caves in Ireland, 282. 

, Address to the Section of Anthro- 
pology by, 776. 

(J. 11.) on excavations at Ardoch, 

790. 

Cyanophyceac, the cytology of the, H. 
Wager on, 830. 

Cyathacese, the vascular anatomy of the, 
I). T.G Wynne- Vaughan on, 854, 


Danma and other Marat tiacem, the ana- 
tomy of, G. Brebner on, 856. 

Darwin (Prof. G. II.) on seismological 
uivestigation, 40. 

,on Poincar6’s pear-shaped figure of 

equilibrium of rotating fluid, 550. 

(Horace) on seismological investi- 
gation, 40. 

on earth veovements at the Ridgeivay 

fault, 52. 

(Maj. L.) on seismological investiga- 
tion, 40. 

Dawkins (Prof, Boyd) on the excavation 
of caves at Uphill, 852. 

on the age of stone circles, 427. 

Dawson (the late Dr. G. M.) pn an 
ethnological survey of Canada, 409. 

Deacon (G. F.) on underground tem- 
perature, 64. 

Dekanawideb, the law-giver of the 
Caniengahakas, J. O. Brant Sero on, 
802. 

Dendy (Miss Mary) on feebleness of 
mind, pauperism, and crime, 758. 

Denison (F. Napier) on the seismograph 
as a sensitive barometer, 577. 

Db Range (C. E.) on the erratic blocks 
of the British Isles, 283. 

Devas (Charles S.) on the significance 
of the decline in the English birth-rate, 
760. 

Dewar (Prof. J.) on wave-length tables 
of ^ the spectra of the elements ^and 
oompounas, 79. 

Dickinson (Joseph) an underground 
temperature, 64. 



Dickson (H. N.) on the plankton and 
phyiioal eondition» of the English 
ChmUel during 1809-1900, 353. 

> on changes of the lapd level of the 
Phlegraa/n Fields^ 382. 

on the olimatnlogy of Africa^ 383. 

on a sch&sge for the survey of British 

Protectorates^ 396. 

on^he mean temperature of the 

atmosphere and the causes of glacial 
periods, 722. 

Dilferential equations and the Puiseux 
diagram, R. W. H. T. Hudson on, 555. 

Diffraction grating, the effect of errors in 
ruling on the appearance of a, H. S. 
Allen on, 568. 

’^‘Dillon (J.) on recording soundings by I 
photography, 773. | 

Diorite associated with granite at As- I 
souan, A. Somervail on, 663. 

*J)iplodia parasitic on cacao and on the 
sugar cane, A. Howard on, 857. 

f Discussion : On the teaching of mathe- 
matics, 869. 

* on the proposed new unit of 

pressure (see p. 71), 562. 

* on glass used for scientific purposes, 

568. 

on economics and commercial edu- 
cation, 751. 

* on housing, 753. 

on the teaching of botany, 843. 

Dobbik (Prof. J. J.) on absorption speo^ 
tra emd chemical composition of or- 
ganio bodies^ 20S. 

Douglas (Wm. M.) on personal identi- 
fication, Dr. A. Bertillen’s system, 805. 

Dron (Robert W.) on the output of coal 
from the Scottish coalfields, 741. 

Duncan (Dr. Ebcn.) and Dr. T. H. 
Bryob on prehistoric man in the 
island of Arran, 795. 

♦Dunlop (J. S.), Prof. A. Gray, and A. 
Wood on elastic fatigue, as shown by 
metaltf and woods, 529. 

Dunstan (Prof. W. R.) on the teach- 
ing of science in elementary schools^ 
458. 

Duty-free alcohol for chemical research, ^ 

. W. T. Lawrence on, 597. 

DWERRYHOUSB (A. R.) on the erratic 
blochs of the British Islesy 283. 

ok the movements of underground 

waters of N, W. Yorkshire^ 337. 


♦Ear, the cartilage of the external, in 
the Monotremata in relation to the 
human ear, Prof. J. Cleland on, 788. 

Earthquakes i see Seismological Investi- 
gation. 

Earth’s curvature, the experimental 
demonstration of the, H. Yule Oldham 
cn, 725. 


I Eehlnoidea. the fertilisation process in, 
I Dr. A, H, R. BuUer on, 366. 
j Economic Science and Statistics, Ad- 
dress by Sir R. Giften to the Section of, 
728. 

Edgbwortii (Prof. P. Y.) on the effect 
of legislation regulating womerCs labour, 
399. 

Edridge-Grebn (Dr. F. W.) on colour 
vision, 817. 

Education, chemical, some points in, 
Prof. J. Sakurai on, 612. 

, commercial, and economics, L. L. 

Price on, 751 . 

♦ in Glasgow, organisation of. Dr. 

W. Jacks on, 865. 

, liberal, for bo 3 r 8 leaving school at 

sixteen or seventeen, H. W. Eve on, 869. 

in Scotland, the mechanism for, 

John Adams on, 863. 

, the scope of the science of. Prof. 

H. L. Withers on, 866. 

secondary, the organisation of. 
Sir H. E. Roscoe on, 863. 

Educational Science, Address by Sir J. E. 
Gorst to the Section of, 858. 

♦ , Section of, the future work of 

the. Dr. H. E. Armstrong on, 866. 

♦ , the practical study of, P. A. 

Barnett on, 869. 

Edwards (E. J.) on the critical point in 
rolled steel joists. 774. 

Egyptian king, Hen Nekht, the bones of 
the, C. S. Myers on, 797. 

♦ Elastic fatigue as shown by metals and 

woods. Prof. A. Gray, J. S. Dunlop, 
and A. Wood on, 529. 

^Electric convection, the magnetic effects 
of, Dr. V. Cr6mieu on, 531. 

waves, interference and polarisation 

of. Prof. Br. Q. Quincke on, 39. 
Electrical measurements, experiments for 
improvi^ig the construction ofpraMeal 
standards for. Report on,^l. 

Appendix : a comparison of the 
silver deposited in voltameters 
containing different solvents, by 
S. Skinner, 32. 

Electricity, the discharge of, through 

♦ mercurv vapour, Prof. A. Schuster on, 
531. 

Electrolysis of alkali salt vapour, the 
laws of, H. A. Wilson on, 547. 
♦Electrolytic conductivity of halogen acid 
solutions. Dr. J. Gibson on, 613. 
^Electrometer curve, the Lippmann, effect 
of non-electrolytes on, J. A. Craw on, 
549. . 

■, the Lippmann, the theory* of, F. G. 
Cottrell on, 548. 

Ellingbr (Barnard) on thirty, yean* 
export trade, British and Irish produce 
1870-1899,744. 
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Slphinstonb (G. E. B.) on the B,A. 
screw gauge, 407. 

Engineering, Address by Col. R. £. 
Crompton to the Section of, 761. 

English Channel, plankton and physical 
conditions in 1899*1900 of the. Interim 
report on the, 353. 

^Engraving, machinery for, Mark Barr 
on, 774. 

Enzyme action, Adrian J. Brown on, 600. 

Equisetum, the nature of the stele of, 
D. T. Gwynne-Yaughan on, 850. 

Erratic blocks of the British Isles, Report 
on the, 283. 

Ether, the necessity of postulating an, 
B. Hopkinson on, 534. 

*£thnographio survey of India, the pro- 
posed, W. Crooke on, 806. 

Ethnography and Natural History of the 
Malay Peninsula, Report on the, 411. 

Ethnological Survey of Canada, Fifth 
report on an, 409. 

Euphorbia Abdelkurii the cuticular struc- 
ture of, Prof. I. B. Balfour on, 854. 

Evans (A. H.) on making a digest of the 
observations on the migration of birds, 
364. 

— (A. J.) on the Silchester excavation, 
'425. 

on the age of stone circles, 427. 

on explorations in Crete, 440. 

on the Neolithic settlement at 

Knossos, and its place in the history of 
early Aegean culture, 792. 

— (Sir J.) on the age of stone circles, 
427. 

on explorations in Crete, 440. 

on the work of the Corresponding 

Societies Committee, 465. 

Eve (H. W.) on liberal education for 
boys leaving school at sixteen or seven- 
teen, 869. 

Everett (Prof. J. D.) on praMical elec- | 
trical standards, %\, ; 

. on underground temperature, 64. 

on resolving power in the micro- 
scope and telescope, 569. 

Evolution of man, hints of, in tradition, 
D. MacRitchie on, 806. 

Ewabt (Prof .J. Cossar), Address to the 
Section of Zoology by, 666. 

* on zebras and zebra hybrids, 691. 

Ewino (Prof. J. A.) on seismologioal 
investigation, 40. 

^Experimental method of teaching, Prof. 
L. C. Miall on the, 866. 

Export trade, thirty years* (1870-99), j 
British and Irish produce, Barnard j 
EUinger on, 744. 


Faculas on the sun's surface, the drift in 
longitude of groups of, Rev. A, L. 
* Gortie on, 642. 


Fairley (T.) on the movements of under- 
ground waters of N W. Yorkshire, 337. 

Farm labour colonies, recent iresults of, 
Harold E.,Moore on, 757. 

Farmer (Prof. J. B.) on the morphology^ 
of the Podosteinaoeoe, 447. 

on fertilisation in Phceophyceaf, 

448. 

(R. C.) on the methods for the deter- 
mination of hydrolytic dissociation of 
salt-solutions, 240. 

Fault, relative movement of strata at the 
Ridgeivay, IL Darwin on the, 52. 

Fauna of Franz Josef Land, W« S. Bruce 
on, 687. 

Faunas, local, a method of recording, 
E. J. Bles on, 683. 

Fayum depression, and its new palasogene 
fauna, H. J. L. Bcadnell on, 659 

Feebleness of mind, pauperism, and 
crime. Miss Mary Dendy on, 758. 

Fellahin of \Y. Palestine, some customs 
of the, R. A. S. Macalister on, 802. 

Ferns, two Malayan * myrmecophilons,’ 
R. H. Yapp on, 861. 

'''Fishes, the distribution of, in the Car- 
boniferous rocks and Old lied Sand- 
stone in Scotland, Dr. li. H. Traquair 
on, 640. 

of the Coats Arctic Expedition, 

W. S. Bruce on, 687. , 

FiteGbbald {the lade Prof. G. F.) on 
radiation from a source of light in a 
magnetic field, 39. 

Fitzpatrick (Rev. 'T. C.) on practical 
electrical standards, 31. 

Fjords of NoDway, the physical history 
of the, Prof. E. Hull on, 660. 

Flame coloration and spectrum of nickel 
compounds, P. J. Hartog on the, 613. 

Flehinch (Dr. J. A.) on practical elec- 
trioal standards, 31. 

^Flesh-eating plants, Prof. J. Reynolds 
Green on, 841. 

Fletcher (L.) on the structure of crys- 
taU, 297. 

■"Flett (John S.) on crystals dredged 
from the Clyde near Helensburgh, 
with analyses by Dr. W. Pollard, 636. 

and Prof. J. Geikib on the granite 

of Tulloch Burn, Ayrshire, 634. 

Flints, naturally chipped, for comparison 
with certain forms of alleged artificial 
chipping, G. Coflfey on, 796. 

Floysr (E. a.) on terrestrial surface 
waves, 398. 

Flux (Prof. A. W.) on the effect of legist 
lotion regulating women's labour, 399. 

*Food and land tenure, E. Atkinson on, 
748. 

Foord (A. H.) on life-tones in the British 
Carboniferous rooks, 288. 

*Foraminifeia, dimorphism in, J. 
Lister on, 688. 



’t^FoBBES (G.) on the position of a planet 
beyond Neptune, 543. 

* on a portable folding range-finder, 

for use with infantry, 774. 

FoBD . (Sybille O.) on the anatomy of 
Ceratifpteris t^udiotroideSt 845. 

and A. O^Sbwabd on the anatomy 

of Todea^ with an account of the 
geolo^cal history of the Osmundacem^ 
847. 

Forest Trees in Scotland, the distribution 
of certain, as shown by the investiga- 
tion of Post-Glacial deposits, W. N. 
Niven on, 839. 

Forth Valley, the Scottish Natural His- 
tory Society’s scheme for the investi- 
gation of the, Marion Newbigin on, 
719. 

♦Fossil plants from Berwickshire, R. 
Kidston on, 643. 

and Goleoptera from a deposit 

o( Pleistocene age at Wolvercote, A. M. 
Bell on, 645. 

remains, the investigation of, by 

serial sections. Prof. W. J. Sollas on, 
643. 

♦Fossils in the La Plata Museum, Photo- 
graphs of, exhibited by Dr. F. P. 
Moreno, 69G. 

Foster (A. Le Neve) on the B,A, screw 
gaugCf 407. 

(Dr. 0. Le Neve) on underground 

temperature^ 64. , 

(Prof. G. C.) on practical electrical 

standards^ 31. 

Fourier problem of the steady tempera- 
tures in a thin rod; Ji W. Peck on the, 
555. 

Fourier’s series, the applications of, to 
mathematical physics, H. S. Carslaw 
on, 557. 

♦Fowi.br (L. J. S.), D. Noel PATON,and 
L. Gull AND on the question whether 
th^ spleen has a hscmopoietic function, 
818. 

Fox (H.) on life-zones vn the British 
Chvrhoniferous rooks, 288. 

Frankland (Prof. Percy P.), Address to 
the Section of Chemistry by, 584. 

*Frog’s tongue, the mechanism of the, 
Prof. M. Hartog and N. Maskelyne on, 
689 . 

♦ ^ a model showing the mechan- 

ism of the, Prof. M. Hartog on, 818. 


^Galbbon (A.) on the representation of 
the heavens in the study of cosmo- 
graphy, 727. 

G Jlloway (W.) on underground tempera* 
ture, 64. 

Galton (Francis) on the work of the 
Corresponding ^ovetdes Committee, 465. 


*Galton’s whistle, observations with, C. S. 
Myers on, 818. 

Gametophyte in the Ophioglossales and 
Lycopodiales, W. H. Lang on, 841. 
Ganono (Dr. W. F.) on an ethnological 
survey of Canada, 409. 

Gardiner (J. Stanley) on the coral 
islands of the Maldives, 683 
♦Garrard (0. R.) on recent developments 
of chain driving, 774. 

Gabson (Dr, J. G.) on the age of stone 
circles, 427, 438. 

on the work of the Corresponding 

Societies Committee, 465. 

Gabstand (W.) on the plankton and 
2)hysical conditions of the English 
Channel during 1899-1900, 353. 

on investigations made at the MaHne 

Biological Laboratory at Plymouth, 
376. 

Garwood (F. J.) on life-zones in the 
British Carboniferous rocks, 288. 

on the collection of photographs of 

geological interest in the United King* 
dom, 339. 

Ga%uje for small screws, the British 
Association, Beport on, 407. 

for small pressures, a new, Prof, 

B. W. Morley and 0. F. Brush on, 644, 
Geikie (Sir Arch.) on undergrownd tern* 
perature, 64. 

♦ on time intervals in the volcanic 

history of the Inner Hebrides, 636. 

(Prof. J.) on the collection of 

photographs of geological interest in 
the United Kingdom, 39. 

and J. S. Flbtt on the granite of 

Tulloch Burn, Ayrshire, 634. 

Gemmill (Dr. J. F.) on Eohinonema 
grayi, a large nematode from the 
perivisceral cavity of the sea-urchin, 
691. 

on the origin of the cartilage of the 

stapes and on its continuity with the 
hyoid arch, 788. 

Geographical conditions affecting British 
trade, 716. 

environment, the influence of, on 

political evolution, Alleyne Ireland on, 
716. 

Geography, Address by Dr. H. R. Mill to 
the Section of, 698. 

Geological photographs of interest in the 
United Kingdom, Report on, 339. 
Geology, Address by John Home to the 
Section of, 616. , 

Germinal selection, the theory of, in 
relation to the facts of inheritance* 
Prof. J. A. Thomson on, 686 . , 

Gibbs (Prof. Wolcott) on *wave*length 
tables of the spectra of the elements and 
compounds, 79. • * 

Gibson (Prol Harvey) onferHlUaHon in 
Phwophycea, 448, 
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*Qibson (Dr. J.) on the electrolytic con- 
ductivity of halogen acid solutions, 613. 
Giffbn (Sir Robert), Address to the 
Section of Economic Science and Sta- 
tistics by, 728. 

Gilson (Prof. G.) on a new sounding and 
ground-collecting apparatus, 696. 
Ginsbubg (Benedict W.) on shipping 
subsidies, 743. 

Glacial periods, the mean temperature of 
the atmosphere and the causes of, 
II. N. Dickson on, 722. 

Glacier-dammed lakes in the Cheviots, 
P. F. Kendall and H. B. Muff on, 646. 
Gladstone (6.) on, the teaching of 
science in elementary schoolst 458. 

and Dr. J. H. Gladstone on hydra- 
tion of tin, including the action of 
light, 603. 

(Dr. J. H.) on the teaching of science 

in elementary schools^ 458. 

and G. Gladstone on hydration of 

tin, including the action of light, 603. 

and W. Hibbert on transitional 

forms between colloids and crystalloids, 
604. 

Glaisheb (J.) on underground tempera- 
ture^ 64. 

— — (Dr. J. W. L.) on tables of certain 
mathematical functions, 54. 

Glasgow wages in the nineteenth century 

A. L. Bowley on, 754. 

*Glass used for scientific purposes. Dr. 

B. T. Glazebrook on, 668. 

Glazebbook (Dr. R. T.) on practical 

electrical standards, 31. 

on the B.A. screw gauge, 407. 

* on the buildings of the National 

Physical I^aboratory, 530. 

*— . ■ on glass used for scientific pur- ^ 
poses, 568. i 

* on some results obtained with the j 

self-recording instruments for the < 
Antarctic expedition, 679. 

^Glennie (J. S. Stuart) on magic, reli- i 
gion and science, 807. I 

Olossopteris flora of Australia, E. A. N. j 
Arber on, 847. 

Godman (F. Du Cane) on the zoology of | 
the Sandwich Islands, 352. | 

Gold, alluvia], in the Kildonan Field, the 
source of the, J. M. Maclaren on, 651. 

in veins, the influence of organic 

matter on the deposition of, J. M. 
Maclaren on, 652. 

Goodchild (J. G.), on the collection 
qf photopraphs of geological interest in 
the United Kingdom, 339. 

on the Scottish ores of copper in 

their geolo^cal relations, 647. 

— on a revised list of minerals known 

* to occur in Scotland, 648. 

Gobham (J. Marshall) on the B.A. screw 

gauge, 407. I 


{ Gobst (Sir J. E.), Address to the Sec- 
tion of Educational Science, by, 858. 
Gotch (Prof. P.) on hone marrow, 447. 
Government planting in the Isle of Man, 
G. P. Hughes on, 857. 

Graham Kerb (J.)'oa the coral reefs of 
the Indian region, 36S. 

on the origin of the paired limbs 

of the Vertebrata, 693. 

Granite of Tulloch Bum, Ayrshire, Prof. 

J. Geikie and J. S. Flett on, 634. 
Gravel-flats of Surrey and Berkshire, the 
origin of the, H. W. Monckton on, 662. 
Gravitation, an experiment proposed for 
producing a sudden variation in. Dr. 
y. Cr6mieu on, 561. 

Gravitational matter, the clustering of, 
in any part of the universe. Lord 
Kelvin on, 563. 

♦Gray (Prof. A.) on the relation between 
temperature and internal viscosities 
of solids, 529. 

* on the influence of a magnetic field 

on the viscosity of magnetisable 
liquids, 582. 

* on the Influence of a magnetic field 

on the viscosity of magnetisable 
solids, 582. 

, J. S. Dunlop, and A. Wood on 

elastic fatigue as shown by metals 
and woods, 629. 

— - and Dr. W. Stewart on a new 
electromagnet and an echelon spectro- 
scope for magnetot^optic observations, 
569. 

(H. St. George) on the excavations 

of the stone Hr ole at Arbor Low, 427. 
(J.) and J. F. Tocher on the fre- 
quency and pigmentation value of 
siiraaraes of school children in East 
Aberdeenshire, 799. 

— (W.) on the collection of photographs 
of geological interest in the United 
Kingdom, 339. , « 

Green (ArGiur G.) on the relative pro- 
gress of the coal-tar industry in Eng- 
land and Germany during the past 
fifteen years, 262. 

(C. F.) and T. G. Bedford on a 

method of determining specific heats 
of metals at low temperatures, 644. 

* (Prof. J. Reynolds) on flesh-eating 

plants, 841. 

GBBENri1[LL (Prof. A. G.) on tables of 
certain mathematical functions, 64. 

* on the simple pendulum without 

approximation, 551. 

* and C. V. Boys on spherical trigo- 

nometry, 551. 

Gbiffiths (B. on prardical cleri- 
cal standards, 31. 

on the nature of odloys, 75. 

on the freezing points of certain 
dilute solutions, 530. 



Oxound-collecting and sounding appara- 
tus, Prof. G. Gilson on a, 696. 

GUILLAUMB (Dr. C. E.) sur VuniU de 
preixionj 71. 

♦GuLLAND (Lovell), I). Noel Paton, 
and L. J. S. FowIiBB on the question 
whether the sjpleen has a hscmopoietic 
function, 818. 

QulU artifioially liatched^ the behaviour 
ef young t Prof, J. A. Thomson on^ 378. 

GuNE (Wm.) on recent discoveries in 
Arran geology, 631. 

Gt^NTHBR (R. T.) on changes of the land 
level of the Phlegraan Fields^ 382. 

Gwynnb-Vaughan (D. T.) on the nature 
of the stele of Equisetum, 850. 

on the vascular anatomy of the 

Cyathacese, 854. 

Gymnosperm seeds, fossil, Prof. F. W. 
Oliver on, 851. 


Raddon (Prof. A. C.) on an ethnological j 
survey Canada^ ^9. 

*Hair, mammalian, microscopic prepara- 
tions, F. H. Marshall on, 692. 

Halliburton (Prof. W. D.) on the | 
micro-chemistry of eelXs^ 445. 

Hambltn-Harris (Dr. R.) on the state- 
cysts of Cephalopoda^ 355. 

^Hardness of materials, measurement of 
the, by indentation by a steel sphere, 

T. A. Hearson on, 774. * 

Harker (Alfred) '^n the sequence of 
Tertiary igneous eruptions in Skye, 
636. . , 

Harmer (S. F.) on the coral reefs of 
the Indian region^ 363. 

Harrison (Rev. S. N.) on the erratic 
hhchs of the British Isles, 283. 

Habtland (E. S.) on an ethnological 
survey of Canada, 409. 

Hartley (Prof. W. N.) on absorption 
spectra Htnd chemical constitution of 
organic bodies, 208. 

on wave-length tables of the sjwctra 

of the eUmjcnts and compounds, 79. 

*Habtog (Prof. Marcus) on a model 
showing the mechanism of the frog’s 
tongue, 818. 

* and N. Maskelyne on the me- 

chanism of the frog’s tongue, 688. 

(P. J.) on the flame coloration 

and spectrum of nickel compounds, 
613. 

Harvib-Brown (J. A.) on making a 
digest of the observations on the migra- 
tion of birds, 364. 

Hawthorne (J.) and Prof. Letts on 
thi| absorption of ammonia from pol- 
luted sea- water by Ulva latissima, 831. 

Hawtrey (Seymour) on the Lengua 
Indians of the Gran Chaco, 803. 


*Hbar80N (T. a.) on measurement of 
the hardness of materials by indenta- 
tion by a steel sphere, 774. 

Heat,* the transmi^ion of, through water 
vapour. Prof. E. W. Morley and C. F. 
Brush on, 546. 

♦Hebrides, the Inner, time intervals in 
the volcanic history of. Sir A. Geikio 
on, 636. 

Hedges (Killingworth) on the protec- 
tion of buildings from lightning, 770. 

Hble-Shaw (Prof. H. S.) on the resist- 
ance of road vehicles to traction, 
I 402. 

Henderson (Dr. G. G. and G. T. Beilby) 
on the action of ammonia on metals 
at high temperatures, 605. 

and R. H. Cobstorphinb on the 

condensation of benzil with dibenzyl 
ketone, 607. 

Hepburn (David) and David Water- 
STON on the pelvic cavity of the por- 
poise as a guide to the determination 
of a sacral region in Cetacea, 680. 

♦Herbebtson (Dr. A. J.) on a morpho- 
logical map of Europe, 715. 

Herdman (Prof. W. A.) on the plankton 
and physical conditions of the English 
Channel during 1899-1900, 353. 

on the occupation of a table at 

the Zoological Station at Naples, 354. 

Herschel (Prof. A. S.) on underground 
temperature, 64. 

Heterogenesis in conifers. Dr. T. P. 
Lotsy on, 848. 

Hewitt (C. J.) on the B,A. screw gauge, 
407. 

Hbycock (C. T.) the nature of alloys, 
75. 

Hibbert (Walter) and Dr. Gladstone 
on transitional forms between colloids 
and crystalloids, 604. 

Hicks (Prof. W. M.) on tables of certain 
mathematical functions, 54. 

on the Michelson-Morle}’ effect, 

562. 

Hickson (Prof. S. J.) on the zoology of 
the Sandwich Islands, 352. 

on the occupation of a table at the 

Zoological Station at Naples, 354. 

Highlands, eastern, variation in the 
strata in the, G. Barrow on, 633. 

, N.W., the Cambrian fossils of the, 

B. N. Peach on, 642. 

, southern, the crystalline schists of 

the, P. Macnair on, 633. 

Hill (A. W.) on the histolog}*^ of the* 
sieve tubes of .Pinus, 835 

(Dr. Leonard) on bone marrow, 

447. . • 

Hill-Tout (C.)onan ethnological survey 
of Canada, 409. 

Hind (Dr. Wheelton) on life-zones in the 
British Carboniferous rooks, 2S8. 
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Hinde (Dr. G. J.) on life-%onei in the 
British Oarhoni/erous rocks, 288. 

Hinks (A. R.) on the possibility of 
systematic error in photographs of a 
moving object, 640. 

on the essentials of a machine for 

the accurate measurement of celestial 
photographs, 641. 

Hippocampal fissure and formation, Prof. 

J. Symington on the, 798. 

Hodgkinsox (W. R.) and L. Ltmpacii 
on some relations between physical 
constants and constitution in ben- 
zenoid amines, Fart III., 608. 

Hogarth (D. G.) on explorations in 
Crete, 440. 

oil explorations at Zakro, in Eastern 

Crete, 793. 

Holdich (Sir T. H.) on a scheme for 
the surrey of British Protectorates, 
396. 

Holmes (T. V.) on the work of the | 
Corresponding Societies Committee, 465. | 
Hooker (R. H.) on the correlation of 
the marriage rate and trade, 750. 
HoPKixsox (B.) on the necessity of 
postulating an ether, 634. 

(J.) on the work of the Correspond- 

ing Societies Committee, 465. 

Horne fJ.) on the erratic blocks of the 
British Isles, 283. 

, Address to the Section of Geology 

by. 616. 

Hornblende porphy rites of Victoria 
(Australia), J. Stirling on, 663. 
♦Housing, Prof. W. Smart on, 753. 
Houstoun (R. a.), and J. W. Peck on 
magnetisation of electrolytic nickel, 
682. 

♦Howard (A.) on a Biplodla parasitic 
on cacao and on the sugar-cane, 857. 
Howes (Prof. G. B ) the occupation 
of a table at the Zoological Station at 
Naples, 354. 

Hoyle (W. E.) on the compilation of 
an index generum et specierum | 
animalium, 362. 

* on a new form of luminous organ, 

689. 

Hudson (R. W. H. T.) on the Puiseux 
diagram and differential equations, 
655. 

Hughes (G P.) on Government planting 
in the Isle of Man, 857. 

Hull (Prof. E.) on underground tempe- 
, rature, 64. 

— on the physical history of the 
Norwegian Fjords, 660. 

Humber, the source of warp in the, 
W. H. ‘Wheeler on, 662. 

Hunt (A. Roope) on terrestrial surface- 
wares, 398. 

Hunter (A. F.) o^i an ethnological survey 
of Canada, 468. 


Hutchison (Dr. R.) on bone-marrow, 
447. 

Hydrostatic pressure. Prof. W.' Ramsay 
and G. Sender on, 529. 

Hydrolytic dissociation of salt-solutions, 
the methods for the determination of. 
Dr. It, C. Farmer on, ii40. 


Identificatien, personal, Dr. A. Bcrtillon’s 
system, W. M. Douglas on, 805. 

Idoneal numbers, Lt.-Gol. A. Cunning- 
ham and Rev. J. Cullen on. 552. 

Igneous eruption in Skye, Tertiary, the 
sequence of, A. Harkcr on, 636. 

Implements found in Ipswich, horn and 
bone, Miss N. F. Layard on, 806. 

Index generum et specierum animalium, 
Beport on the compilation by C, Davies 
Sherborn of an, 362. 

♦India, the proposed ethnographic sur- 
vey of, W. Crooke on, 806. 

Inheritance, the theory of germinal selec- 
tion in relation to the facts of. Prof. 
J. A. Thomson on, 685. 

Insects, some Bornean, R. Shclford on, 
689. 

Interference and polarisation of electric 
waves, Pvtf, J)r. O, Quincke on, 39. 

of light from independent sources, 

Dr. G. J. Stoney on the, 570. 

♦Ionic effect in the small intestine, Prof. 
E. Waymouth Reid on an, 818. 

♦lonslJ the nomenclature of the, Prof. 
James Walker on tlfh, 613. 

Ireland (Alleyne) on the influence of 
geographical .environment on political 
evolution, 716. 

Iron and nickel, the effects of magne- 
tisation on the electrical conductivity 
of, Guy Barlow on, 581. 

Irwin (Miss M. H.) on the present 
position of woman as a worker, 766. 

Isomeric naphthalene derivatives. Four- 
teenth report on the iiwestigation of, 
152. 


Jack (R, Lockhart) on recent observa- 
tions on bridges in Western China, 
772. 

(R. Logan) on artesian water in 

Queensland, 641. 

on travels in China, 726. 

♦Jacks (Dr. W.) on the organisation of 
education in Glasgow, 865. 

Japp (Prof. F. R.) on absorption spectra 
and chemical constitution of organic 
bodies, 208. 

Jet, the structure and origin of, Jtf, C. 
Seward on, 856. 

Joists, rolled steel, the critical point in, 
£. J. Edwards on, 774. 



Il^DEX. 




Jokes (Rev. E.) 09i the movemente of 
•underground watere of N, W, Yorkehire, 
337. ‘ 

Judd (Prof. J. W.) on eeitmological in- 
veetigoitiont 40. 

on the coral yeefe of the Indian 
region^ 863. 

Jurassic floras, a chapter in plant-evolu- 
tion, AfC. Seward on, 856. 


Kkltie (Dr. J. Scott) on ohemgee of the 
la nd level of the Phlegreecm Fielde^ 382. 

on terrestrial svrfaee-TvaveSt 398. 

* on the National Antarctic Expe- 

dition, 726. 

Kblvih (Lord) on determining magnetic 
force at sea^ 29. 

m practical electrical standards, 

31. 

• m seismological investigation, 40. 

on tables of certain matlicmatical 

functions, 54. 

on underground temperature, 64. 

on the B.A. screw gauge, 407. 

on the clustering of gravitational 

matter in any part of the universe, 
563. 

Kbkdall (Prof, P. F.) on the erratic 
hlochs of the British Isles, 283. 

• on life-tones in the B7^itish Carbo- 
niferous rochs, 288. 

on the worements of v^idergraund 

waters of A'. IT. \o7'hshire, 337. 

and H. P. Muff on evidences of 

ancient glacicr-daimncd lakes in the 
Cheviots, (>46. 

Kendrichia abnormal secondary 

thickening in. Miss A. M. Clark on, 
842. 

^Kennedy (Dr. R.) on restoration of 
voluntary movement after alteration 
of tjie nerve-supply by nerve- crossing, 
or anakomosis, 817. 

Kbbb (Dr. J.) on the Brush grating and 
the law of its optical action, 668. 

(Dr. John G.) on the training of the 

practical man, 866. 

Kidston (R.) on life-tones in the British 
Carboniferous rochs, 288. 

og. the collection of photographs of 

geological interest in the United King- 
dom, 339. 

on some fossil plants from Berwick- 
shire, 643. 

Kilboe (Jas. R) on geolo^ regarded 
in its economic application to agri- 
culture by means of soil maps, 643. 

and A. McHenby on the relations 

ol the Old Red Sandstone of N.iy. Ire- 
land to adjacent metamorphic rocks, 
and its similarity to the Torridon 
Rocks of Sutherlandshire, 636. 


Eilbob (Jas. R.) and A. McHenry on ^ 
the relation of the Silurian and Ordo- 
vician rocks of N.W. Ireland to the 
great metamorphic series, 636. 

Einahan (G. H.) on the Irish Primary 
Bocks, and* their associated granitic 
and metamorphic beds, 637. 

on some Irish laccolithic hills, 640. 

Eibkby (J. W.) (m life-zones in the 
British Carboniferous rochs, 288. 

Eitchen Midden near Elie, Fife, the 
excavation of an ancient, R. Munro on, 
790. 

Knossos, the Neolithic settlement at, and 
its place in the history of early ASgean 
culture, 792. 

Enott (Prof. C. G.) on seismological 
investigation, 40. 

Enox (B. F. Vesey) on the economic 
effect of the Tramways Act, 1870, 763. 

Knubley (Rev. E. P.) on making a digest 
of the observations on the migration of 
birds, 364. 

Kny (Prof. L.) on correlation in the 
growth of roots and shoots, 836. 


Laccolithic hills, some Irish, G. H. Eina* 
h«nn on, 640. 

Lamplugh (G. W.) on life-zones m the 
British Carboniferous rochs, 288. 

Lang (W. H.) on the gametophyte in 
the Ophioglossales and Ijycopodiales, 
841. 

Lankesteb (Prof. E. Ray) on the plank- 
ton and physical conditions of the 
English Channel during 1899-1900, 363. 

on the occupation of a table at 

the Zoological Station at Naples, 364. 

on investigations made at the Marine 

Biological Laboratory at Plymouth, 
376. 

1 - oQi the miero-chemistry of cells, 445. 

♦L ABM OK (Dr. J.) on the law of radiation, 
662. 

Lauder (Alex.) on absorption spectra 
aiid chemical conposition of organic 
bodies, 208. 

♦Laubie (Malcolm) on some Arthropods 
from the Upper Silurian, 665. 

Lawrence (W. T.) on duty-free alcohol 
for chemical research, 697. 

Layabd (Miss Nina) on a human skull 
found in peat in the bed of the fiver 
Orwell, 789. 

— — on a Palaeolithic implement with 
alleged thong-marks, 798. 

on horn and bone implements found 

in Ipswich, 806. " 

Leaf -arrestor for a water supply, Earl of 
Rosse on, 769. 

Lean (George) and W. Garrick Andeb- 
BON on aluminium-tin alloys, 606. 
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^Leaves, natural surgery in, Dr. F. F. 

Blackman and Miss Mattbaei on, 851. 
Lbboub (Ftof. G. A.) on %ndergTO)tiid 
temperature, 64. 

on life-zones in the British Car- 
honiferous rocks, 288. 

Lbes (Dr. C. H.) on determining magnetic 
force at sea, 29. 

Lengua Indians of the Gran Chaco, S. 
Hawtrey on, 803. 

Lemaire (Capt.) on the Belgian scien- 
tific expedition of Ka-Tanga, 722. 
Letts (Prof. E. H ) and R. F. Blake 
on diemical and biological changes 
occurring during the treatment of 
sewage by the so-called bacteria beds, 
601. 

and J. Hawthorne on the absorp- 
tion of ammonia from polluted sea- 
water by Ulva latissima, 831. 

Lewis (A. L.) on the age of stone circles, 
427. 

(Rev. T.) on itineraries in Portu- 
guese Congo, 717. 

Lias shale, the alterations of the, by the 
Whyn dyke of Great Ay ton, in York- 
shire, 654. 

Life-zones in the British Carhonlferous 
■ rocks. Report on, 288. 

Light, the action of, on the hydration of 
tin. Dr. Gladstone and G. Gladstone 
on, 603. 

the influence of, on the clearing of 

turbid solutions and the movefnent of 
small suspended particles. Prof. Dr, 6. 
Quincke o^ 60. 

from independent sources, the in- 
terference of. Dr. G. J. Stoney on, 570. 
^Lighthouse light, a new scintillating, 

J. R. Wigham on, 768. 

Lightning, the protection of buildings 
from, K. Hedges on, 770. 

Limbs of vertebrates, the origin of the 
paired, J. Graham Kerr on^ 693. 
Limpach (L.) and W. R. Hodgkinson 
on some relations between physical 
constants and constitution in benze- 
noid amines, 608. 

Lister (J. J.) on the coral reefs of the 
Indian region, 363. 

♦ on dimorphism in Foraminifera, 

688 . 

♦Little (Archibald) on the crux of the 
Upper Yangtse, 727. 

Liveing (Prof. G. D.) on wave-le^igth 
tables of the spectra of the elements a/nd 
compoundh, 79. 

Lloyd-Morgan (Prof. C.) cn the excava- 
tion of caves at Uphill, 352. 

Lockyer (Sir J. N.) on mare-length tables ' 
of the spectra of the elements and com- 
pounds, 79. 

(W. J. S.) on a long period solar 

variation, 576. 


Lodge (Prof. A.) on tables of certain 
mathematical functions, 54. 

(Dr. O. J.) on practical electrical 

standards, 31. 

— - on radiation from a source of light 
in a magnetic field, 99. 

Lomas (J.) on the erratic, blocks of the 
British Isles, 283. 

i Longs (F. D.) on a piece of y w from 
I the forest bed on the east coast of 
I England, apparently cut by man, 798. 

*Lotsy (Dr. T. P.) on the International 
Association of Botanists, 830. 

on heterogenesis in conifers, 848. 

I ^Luminous organ, a new form of, W. E 
{ Hoyle on, 689. 

I Lunacy in Scotland, the growth and 
geogpraphical distribution of. Dr. J. F. 
Sutherland on, 742. 


Maca LISTER (Prof. A.) on the Natural 
History and Ethnography of the Malay 
Peninsula, 411. 

. on explorations in Crete, 440. 

on the morphology of transver£e 

vertebral processes, 789. 

on the third occipital condyle, 789. 

(R. A. S.) on external circumstances 

bearing on the age of Ogham writing 
in Ireland, 792. 

on some results of recent excava- 
tions in Palestine, 794. 

on some customs of the Fellahin of 

W. Palestine, 802. 

Macallum (Prof. A B.) on the micro- 
chemistry of cells, 445. 

MacDonald (Mrs. J. R.) on the effect of 
legislation regulating women's labour, 
399. 

(Norman D.) on railway rolling 

stock, present and future, 769. 

McHenry (A.) on the exploration of 
caves in Ireland, 282. 

and J. R. Kilrob on the relations 

of the Old Red Sandstone of N.W. 
Ireland to adjacent metamorphic rocks, 
and its similarity to the Torridon Rocks 
of Sutherlandshire, 636. 

on the relation of Silurian and 

Ordovician rocks of N.W. Ireland to 
the great metamorphic series, 636. 

McIntosh (Prof. W. G.) on the occupa- 
tion of a table at the Zoological Station 
at Naples, 354. 

♦Mackay (Principal) on supra-stemal 
bones in the human subject, 799. 

(T.) on the Poor Law and economic 

order, 756. 

McKbndrick (Prof. J. G.), Address iito 
the Section of Physiology by, 808. 

f on apparatusemployed in researches 

on phonetics, 817. 



Mackenzie (Prof. J. J.) on the micro- • 
chemii{ry of cellSt 446. i 

Magkib (Wm.) on the occurrence of 
barium sulphate and calcium fluoride 
as cementing substances in the Elgin 
Trias, 648. • 

on the pebble-band of the Elgin 

Trias and its wind- worn pebbles, 649. 

on^the occurrence of covellite in ! 
association with malachite tn the sand- 
stone of Kingsteps, Nairn, 651. 
McLACIILAN (R.) on tlie compilation of 
an index generum et spederum anima- 
liurn, 362. 

McLaben (Lord) on meteorological ob- 
servations on Ben Nevis^ 54. 

Maclabbn (J. Malcolm) on the source 
of the alluvial gold of the Kildonan 
flcld, Sutherland, 651. 

on the influence of organic matter 

on the deposition of gold in veins, 652. 
McLeod (Prof. H.) the hibliographg of 
spectroscopy, 15.5. 

MacMahon (Maj. P. A.) on tables of 
certain mathematical futiciions, 54. 

Address to the Section of Mathe- 
matical and Physical Science hy, 619. 

♦ on the partition of series, each 

term of which is a quantic, 551. 
MacNaih (Peter) on the crystalline 
schists of the southern Highlands, 633. 
Mac Ritchie (David) on hints of evolu- 
tion of man in tradition, 806. » 

Madan (H. G.) .on the bibliography of 
spectroscopy, 155. 

’•Magic, religion, and science, J. S. Stuart 
Glennie on, 807. " ' 

Magnetic fields radiation from a source of 
light in a, lleport on, 39. 

* , the influence of a, on the 

viscosity of magnet isablc liquids and 
solids, Prof. A. Gray on, 582. 

force at sea. Final report on deter- 

mining, 29. 

Magnetii^ation, tlic etTocts of, on the 
electrical conductivity of iron and 
nickel, Guy Barlow on, 581. 

— of electrolytic nickel, J. W. Peck 
and R. A. Houatoun on, 582. 

Magnus (Sir P.) on the teaching of science 
in elementary schools, 458. 

Malaria, the story of, Major Ronald Ross 
on, 695. 

Malay Peninsula, Second report on the 
Natural History and Ethnography of 
the,Uh 

• , the wild tribes of the, W. W. Skeat 

on, 803. 

*' 1 some botanical photographs from 

the, R. H. Yapp on, 831. 

Malftiyan ‘ myrmecophilous * ferns, Jl. II. 
Yapp on, 861. 

Maidive Coral Islands, J. S. Gardiner on, 
683. 

1901. 


Mallock (A.) on tito resistance of road 
vehicles to traction , 402. 

Man,, the Isle of, Government planting 
in, G. P. Hughes on, 857. 

Man, prehistoric, in the island of Arran, 
''Ur. £. Duncan and Dr. T. H. Bryce on, 
795. 

Manometer, recording, for high-pressure 
explosions, J. E. Petavel on a, 768. 

’''Map on natural curvature by Elis6e 
Reclus, ^I. Reclus-Guyon on a, 721. 

♦ of Europe, morphological. Dr. A J. 

Herbertson on a, 7l5. 

Marattiacese, the anatomy of, G. Brebner 
on, . 

• ♦Mabckwald (Prof. W.) on radium, 601. 

; Makb (J. E.) on the erratic blochs of the 
I British Ides, 283. 

i on life-zones in the British Carboni- 

I ferous rocks, 288. 

j on the movements of underground 

! maters of N.W. Yorkshire, 

Marriage-rate and trade, the correlation 
of the, R. II. Hooker on, 750. 
i ’''Mabshall (F. H.) exhibited abnormal 
i specimens of Nephrops, 692. 

j ♦ exhibited microscopic preparations 

I of mammalian hairs, 692- 
I Maskeia’NB (Prof. N. Story) on the 
structure of crystals, 297. 

♦ (Nevil) and Prof. M. Haktog on 

the mechanism of the frog’s tongue, 688. 
Mathematical functions. Report on tables 
of certain, 54. 

_• and Physical Science, Address by 
Major P. A. MacMahon to the Section 
of, 619. 

I Mathematics, Discussion on the teaching 
of, 869. 

’"^ilatter, the genesis of, Prof. A. Michael 
on, 607. 

j , gravitational, the clustering of. in 

I any part of the universe, Lord Kelvin 
' bn, 663. * 

’•Matthaei (Miss) and Dr. F. F. Black- 
i MAN on natural surgery in leaves, 851. 

" on the relation between CO.^ 

I production and vitality, 851. 

Matthey (G.)on practical electrical stan- 
dards, 31. 

Mavob (Prof. J.) on an ethnological 
survey of Canada, 409. 

^Mechanical exhibits in the Glasgow 
! Exhibition, D. H. Morton on the, 768. 

; Meldola (Prof. R.) on seisfnological 
i investigation, 40. • 

; on th^ age of stone circled, 427. 

on the work of the Corresponding 

Societies Committee, 465. ^ • 

Mennell (F. P.) on the copper-bearing 
rocks of S. Australia, 665. 
j Mercury vapour, the discharge of elec- 
tricity through, Prof. A. Schuster on, 
i 531, 

3 M 
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Metals at high temperatures, the action 
of ammonia on. Dr. G. G. Henderson 
and G. T. Beilby on, 605. 

, the minute structure of, G. T. 

Beilby on, 604. 

Metwrolagictd obstrvations on Hen NerU^ 
Report oily 54. 

♦ phenomena in relation to changes 

in the vertical, J. Milne on, 578. 

*Miall (Prof. L. C.) on the experimental 
method of teaching, 866. 

♦Michael (Prof . A.) on the three stereo- 
meric cinnamic acids, 607. 

♦ on the genesis of matter, 607. 

♦ on the process of substitution. 607. 

Michelson-Morlcy effect, W. M. Hicks on 

the, 562. 

Micro-chemistry of celUy Rejiort on they 
445. 

Microscope and telescope, resolving power 
in the, Prof. J. D. Everett on, 569, 

♦Microtome, a new orienting apparatus 
for the Cambridge, J. Rankin on, 697. 

Miebs (Prof. H. A.) on ieomorphons de- 
rivatives o/henzeney 78. 

on the structure of cryetaUy 297. 

Migration of hirdSy Fourth interim report 
of the Committee for making a digest of 
the observations on they 864. 

Mill (Dr. H. R.) on changes of the land 
level of the Phlegrtcan FieldSy 382. 

on the climatology of Africay 383. 

, Address to the Section of Geography 

by, 698. 

* with the ‘Discovery* to Madeira, 

725. 

Milne (Prof. J.) on seismological inrestU 
gationy 40. 

♦ on meteorological phenomena in 

relation to changes in the vertical, 578. 

Minchin (Prof. G. M.) on photo-electric 
cells, 631. 

Minerals known to occur in Scotland, a 
revised list of, J. G. Goodchild on, 648. 

Mittao-Lbfpleb (Prof. G.) on a crite- 
rion for the recognition of the irre- 
gular points of analytic functions, 549. 

Molloy (Dr. Gerald) on radiation from 
a source of light in a magnetic fieldy 39. 

Monckton (Horace W.) on the origin of 
the gravel-flats of Surrey and Berk- 
shire, 662. 

Moobe (Harold E.) on recent results of 
farm labour colonics, 757. 

♦Mobeno (Dr. F. P.) exhibited photo- 

« graphs of fossils in the La Plata Mu- 
seum, 696. 

on Argentine anthropo-geography, 

720* 

Mobley (Prof. E. W.) and C. P. Bbush 
on a new gauge for small pressures, 
544. • 

on the transmission of heat | 

through water vapour, 546. 


Mobbibon (Walter) on the movements o 
underground waters of N, W. Yorkshire 
337. 

♦Mobton (P. H.) on the mechanical 
exhibitsin the Glasgow Exhibition, 768. 

♦Motor cortex of the monkey, an experi- 
ment on the. Prof. C. S. Sherrington on, 
816. 

♦Mount Ophir, the vegetation ♦bf, A. G. 
Tansley On, 851. 

Muff (H. B.) and P. F. Kendall on 
evidences of ancient glacier-dammed 
lakes in the Cheviots, 646. 

Muirhead (Dr. A.) on practical electrical 
standardsy 31. 

j Munbo (Dr. R.) on the age of stone circles^ 

I 427. 

j on the excavation of an ancient 

I Kitchen Midden near Elie, Fife, 790. 

I Mubbay (Sir John) on meteorological oh* 

I serrations on Ren NeviSy 54. 

; Murray Islander, some emotions in the, 
C. S. Myers on, 801. 

: ♦Muscle, the rhythmic phenomena of, the 
use of the telephone for investigating, 
Sir J. Bnrdon Sanderson on, 816. 

Museums, preserving ami preparing 
plants for, H. F. Tagg on, 844. 

Mvbrs (Charles S.) on the bones of Hen 
Nekht, 797. 

on some emotions in the Murray 

I Islander, 801. 

’ * ^ on observations with Galton*s 

whistle, 818. 

Myres (J. L.) on the Silchester excava* 
tiony 425. 

j on excavations in CretCy 440. 

I Nagel (D. H.) on the bibliography of 
spectroscopy y 155. 

' NajfhthalenedcrivatireSyFonrteenth report 
on the investigation of isomeric, 152. 

I Naples Zoological Station, Report on the 

I occupation of a table at the, 3.54 

Natality, the decline of, in Great Britain, 
Edwin Cannan on, 749. 

the significance of the, Charles 

S. Devas on, 750. 

♦National Physical Laboratory, the 
buildings of the, Dr. R. T. Glazebrook 
on, 630. 

Natural History and Ethnography of the 
Malay Feninsula, Report on the, 411. 

Nematode {Echinonema grayi) from the 
perivisceral cavity of tlie sea-urchin, 
J. F. Gemmill on, 691. 

♦Xephrops, abnormal specimens of, F. H. 
Marshall on, 692. 

Neville (F. H.) on the nature of alloys^ 
75. 

Newbigin (Marion) on the Soc^tish 
Natural History Society's scheme for 
the investigation of the Forth Valley, 
719. 



Nbwton (Prof. A.) on tJie present state of 
owr hnfivoUAge of the zoology of the 
Sandwioh Islands^ 352. 

- on making a digest of the ohserva^ 

tions on the migration of birds, 864. 

_ , -- (B. T.) on the excavation of caves at 
Uphill 352. « 

Biokel compouiidsi the flame coloration 
and spectrum of, P. J. Hartog on, 613. 

electrolytic, magnetisation of, J. W. 

Feck and R. A. Houstoun on, 682. 

NlVBN (W. N.) on the distribution of 
certain forest trees in Scotland, as 
shown by the investigation of Post- 
Glacial deposits, 839. 

Norwegian Fjords, the physical history 
of the, Prof. E. Hull on, 660. 

Numbers, idoneal, Lt.-Col. A. Cunningham 
and Rev. J. Cullen on, 553. 


Occipital condyle, the third, Prof. A. 
Macalister on, 789. 

Oceanic salt deposits, the formation of, 
the application of the eguilihrium law 
to, Dr. E. F. Armstrong on, 262. 

Ogham writing in Ireland, the age of, 
K. A. S. Macalister on, 792. 

Old Red Sandstone of N. W. Ireland, the 
relations of the, to the adjacent meta- 
morphlc rocks, J. K. Kilroe and A. 
McHenry on, 636. 

Oldham (H. Yule) on the experimental 
demonstration the curvature of the 
earth’s surface, 726. 

— (R. D.) on seismological inrestigation, 
40. * 

Oliver (Prof. F. W.) on certain points 
in the structure of the seeds of 
jEthiotesta and Stephanospernum, 851. 

Ontario, northern, the geography and 
resources of, Robert Bell on, 723. 

Oolite, Inferior, phosphatic layer in Skye 
at the jpase of the, H. B. Woodward on 
a, 6.36. 

Ophioglossum collected by Mr. Ridley in 
Sumatra, Prof. F. O. Bower on, 842. 

Optical action of a Brush grating. Dr. 
J. Kerr on, 668. 

Ordovician and Silurian rocks of N.W. 
Ireland, the relations of the, to the 
great metamorphic series, A. Mc- 
Henry and J. R. Kilroe on, 636. 

♦Osborne (Dr. W. A.) on the physical 
properties of caseinogen salts in solu- 
tion, 817. 

Osmundacem, the geological histoiy of 
the, A. C. Seward and Sybille 0. Ford 
on, 847. 

Ovule, the morphology of the, W. 0. 
Wradell on, 834. 

♦0x«alate8,thc action of, upon the relation- 
ship of calcium salts to muscle, W. 
Brodie Brddie on, 818. 


Palaeolithic implement with alleged 
thong-marks. Miss N. Layard on, 798. 

Palestine, some results of recent excava- 
tions in, R. A. S. Macalister on, 794. 

♦Panama Canal, P. B. Varilla on the, 769. 

♦Parasitic DipUdia on cacao and on the 
sugar cane, A. Howard on, 867. 

♦Partition of series, each term of which 
is a quantic. Major P. A. MacMahon on 
the, 551. 

Patagonian Indians, the Tehuelche, 
Ilesketh Prichard on, 802. 

Paterson (John) on Stellaria holostea 
and allied species, 833. 

♦Paton (D. Noel), L. Gulland, and 
L. J. S. Fowler on the question 
whether the spleen has a haemopoietic 
function, 818. 

♦Patterson (Dr. T. S.) on the influence 
of solvents on the rotation of optically 
active compounds, 614. 

Pauperism, crime, and feebleness of 
mind, Miss Mary Dendy on, 768. 

Peach (B. N.) on life-zones in the British 
Carboniferous rocks, 288. 

on the Cambrian fossils of the N.W. 

Highlands, 642. 

Pebble-band of the Elgin Trias, W. 
Mackie on the, 650. 

Peck (J. W.) on the Fourier problem of 
the steady temperatores in a thin rod, 
555. 

and R. A. HousTOUN on magnetisa- 
tion of electrolytic nickel, 682. 

Peek (the late Sir Cuthbert E.) on the 
work of the Corresponding Societies 
Committee, 465. 

Pelvis of the porpoise as a guide to the 
determination of a sacral region in 
Cetacea, D. Hepburn and D. Waterston 
on the, 680. 

♦Pendulum, the simple, without ap- 
proximation, Prof. Greenhill on, 551. 

Pbnhallow ’(Prof. D. P.) on an ethno^ 
logical surrey of Canada, 409. 

^Peptone, Interim report on the effect of, 
when introduced into the drculatUm, 
818. 

Percival (Rt. Rev. John) on the influence 
of the Universities in school education, 
448. 

Perim Island and its geologic^ relation 
to the area of the Red Sea, Catherine 
A. Raisin on, 640. 

♦Perkin (Prof. W. H.) on the ^nthetical 
formation of bridged-rings, 607. 

Perry (Prof. J.) on practicat electrical 
standards, 31 . 

on seismological investigatiom 40. 

on the teaching of mathematics, 

869. 

Fbtavel (J. E.) on a recording mano- 
meter for high-pressure explosions, 
768. 
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^Petrolenm lamps for buoys and beacons, 
J. R. Wigham on. 768. 

Phoiophyceo!^ fertilisation Report 
on, 448. 

Philt^ips (Prof. R. W.) on fertilisation 
in Phaophyceer, 448. 

Phlegrtean Fields, Report on changes of 
the land level of the, 382. 

f Phonetics, apparatus employed in re- 
searches on, Prof. J. G. i^IcKendrick 
on, 817. 

Phosphatic layer at the base of the 
Inferior Oolite in Skye, H. B. Wood- 
ward on a, 635. 

nodules in the Upper Carboniferous 

Limestone of W. Yorkshire and West- 
moreland, John Rhodes on, 655. 

Photoelectric cells, Prof. G. M. Minchin 
on, 531. 

Photographs of geological intei*est in the 
United Kingdom, Twelfth report on, 339. 

♦ of anthropological interest. Interim 

report on, 789. 

, celestial, the essentials of .a machine 

for the accurate measurement of , A. R. 
Hinks on, 541. 

of a moving object, the possibility 

of systematic error in, A. R. Hinks on, 
640. 

Physical and ^lathematical Science, Ad- 
dress by Major P. A. MacMahon to the 
Section of, 519. 

Physiology, Address by Prof. J. G. 
McKendrick to the Section of, 808. 

Fikermi, Attica, the bone-beds of, and in 
N. Buboea, W. Siniih Woodward on, 
65G. 

Pinus, the hi.stologv of tlie sieve tubes 
of, A. W. Hill on, 835. 

♦Planet beyond Neptune, G. Forbes on a, 
643. 

Plant-evolution, a chapter of, .Jurassic 
floras, A. C. Seward on, 86G. 

Plants for museums, preserving and pre- 
paring, H. F. Tagg on, 841. 

Pleistocene plants and Coleoptera at 
Wolvercote, A. M. Bell on, 646. 

Plummer ( W. E.)on seitimlogical investi- 
gation, 40. 

Plynumth, Report on the occupation of a 
table at the Marine Biological Labora- 
tory, 376. 

Podostemacetp, Report on the niorploilogy, 
ecology, and taxonomy of the, 447. 

Poincar6*s pear-shaped figure of equili- 

* brium of rotating fluid, G. H. Darwin 
on, 550: 

Polarisation and interference of electric 
waves^ Prof. Dr. Q. Quincke on, 39. 

Political evolution, the influence of 
geographical environment on, Alley ne 
Ireiahd on, 716. 

Polypterus, the anatomy of the larval, 
J. 8. Budgett on, 603. 


Poor Law and the economic order, T. 
Mackay on, 756. , 

Potential of a surface distribution, 
T. J. I'A. Btomwich on, 556. 

♦ differences of allotropic silver, 

J. A. Craw on the, ^49. 

Potentiometer, a new iotiH of, Prof. F. G. 
Baily on, 682. 

* PoTONi^. /Prof. H.) Dio Suiir- und 
Culm-Flora des Harzes von, 851. 

POYNTJNO (Prof. J, H.) on seismological 
investigation, 401. 

PRABGER (R. Lloyd) on the exploration 
of caves in Ireland, 282. 

Fbeecb (Sir W. H.) on practical electrical 
standards, iM . ' 

— — 071 the B.A. scrov gnvge, 407. 

Premaxilla in bears, the relationships of 
the, Prof. R. J. Anderson on, 681. 

Presideniial Address at Glasgow by 
Principal A. W. Riicher, 3. 

Pressure, the unit of. Dr. C. E. Gmllainne 
on, 71. 

Price (L. L.) on the effect of legislation 
regulating icoinen's labour, 399. 

on economics and commercial edu- 
cation, 751. 

(W. A.) on the B.A. sc7'e7v gaotge, 
407. 

Prichard (Hesketh) on explorations of 
Andean lakes, 721. 

. on the Tehuclche Indians of Pata- 
gonia, 802. 

Primary rocks, Irish, and their associated 
granitic and metamorphic rocks, G. H. 
Kinahan on, 637. 

Primes, the deierhiination of successive 
high, Lieut.-Col. A. Cunningham and 
H. J. Woodall on, 563. 

♦Proteids, whether solutions of native, 
can exert osmotic pressure. Prof. E. 
Waymouth Reid on the question, 818. 

Puccinia dispersa on Bromes, Prof. 
Marshall Ward on, 836. , * 

Puiseux diagram and differential equa- 
tions, R. W. H. T. Hudson on the, 
r,Fin 


Queensland, artesian water in, J. Logan 
Jack on, 641. 

Quincke (Prof. Dr. G.> 07i the interfer- 
ence and polarisation of elect rio waves, 
39. 

on the clearing of turbid solutions, 

and the movement of ss7iall suspended 
particles by the influence of light, 60. 

Radiation front a source of light in a 
magnetic field. Report on, 39, 

of heat and light from a hiated 

solid body. Dr. J. T. Bottomley on, 
562. 

• the law of, Dr. J. Larmor on, 562. 



* Badium, Prof. W. Marckwald on, 601. 

Bailway rolling stock, present and 

futurd, Norman D. Macdonald on, 769. 

Itainfall, the inverse relation of chlorine 
to, W. Ackroyd on, 608. 

BAisiN (Catherine A.) on Perim Island 
and its relation to the area of the lied 
Sea, 640. 

BAMSAf»(Prof. W.) and G. Sjbnteb on 
hydrostatic pressure, 529.* 

Band LBS (W. B.) on the anatomy and 
histology o/Trochus, 377. 

* Bange-linder, a portable folding, G. 

Forbes on, 774. 

^Bankin (James) on a new orienting 
apparatus for the Cambridge micro- 
tome, 697. 

Bates; local, the real incidence of, 
Cameron Corbett on, 757. 

Bavenstbin (E. G.) on flie climatology 
of Africa, 383. 

— on a Bcheme for the surrey of British 
Protectorates, 396. 

on Martin Behaim of Niirnberg, 

1469.1607, 714. 

Baylbigh (Lord) on practical electrical 
standards, 31. I 

Bead (C. H.) on the Natural History ! 
amd Ethnography of the Malay Penin- | 
sula, 411. 

on the age of stone circles, 427. 

on the work of the Corresponding 

Societies Committee, 465. , 

* Beclus-Guyon^ (M.) on M. EUs6e . 

Keclus* map on natural curvature, 721. I 

Bbid (A. 8.) on the collection of photo- j 
graphs of geological • interest in the 
United Kingdom, 339. 

(Clement) on seismological investiga- 
tion, 40. 

“ (Prof. E. AVay mouth) on the 

question whether solutions of native 
proteids can exert osmotic pressure, 818. 

j on an ionic effect in the small 
intestine, 818. 

Bennie (J.) on practical electrical 
standards, 31. 

llesolving power in the microscope and 
telescope, Prof. J. D. Everett on, 669. 

Beynolds (8. H.) on the excavation of 
caves at Uphill, 362. 

liHopES (John) on the occurrence of 
phosphatio nodules and phosphate- 
bearing rock in the Upper Carboni- 
ferous Limestone, W. Yorkshire and 
Westmoreland, 666. 

on the discovery of a silicified 

plant stem beneath the Millstone Grit 
of Swarth FqU, 656. 

Bichabdson (Nelson) on seismological 
^estigation, 40. 

Ridgbway (Prof. W.) on the Ifdtnral 
History and Ethnography of the Malay 
Poninmda, 411. 


Bidgeway (Prof. W.) on explorations in 
Crete, 440. 

*Bijdeal (Dr. G.) on humus and the 
irreducible residue in the bacterial 
treatment of sewage, 603. 

- on sulphuric acid as a typhoid 
disinfectant, 603. 

Bigg (B.) on the B.A. screw gauge, 407. 

Bivers (Dr. W. H. R.) on the functions 
of the maternal uncle in Torres Straits, 
800. 

on the functions of the son-in-law 

and brother-in-law in Torres Straits, 
800. 

* on the measurement of visual 

illusion, 818. 

Hoad vehicles. Report on the resistance 
of, to traction, 402. 

Roberts- Austen (Sir W. C.) on practical 
electrical standards, 31. 

on the hihliograjihy of spectroscopy, 

155. 

* Robinson (H. C.) and N. Ann an dale. 
Anthropological notes on Sal Kau, a 
Siamo- Malayan village, 804. 

Roman remains at Ardoch, Perthshire, 
J. H. Cunningham on, 790. 

camp at Inchtutbill, Perthshire, Dr. 

T. Ross on, 791. 

Boots and shoots, correlation in the 
growl h of. Prof. L. Kn^' on, 836. 

Koscoe (Sir H. E.) on wave-length tables 
of the spectra of the elements and com- 
pounds, 79. 

on the teaching of science in ele- 
mentary schools, 458. 

* on the organisation of secondary' 

education, 863. 

Boss (Major Ronald) on the story of 
malaria, 695. 

(Dr. T.) on excavations at the 

Roman camp at Inchtuthill, Perth- 
shire, 791. 

ROssb (Earl of) on a leaf-arrestor, or 
apparatus for removing leaves, &c., 
from Si water supply, 769. 

Rotating fluid, Poincare’s pear-shap^ 
figure of equilibrium of, G. JI. Darwin 
on, 650. 

Botch (A. Lawrence) on the systematic 
exploration of the atmosphere at sea 
by means of kites, 724. 

BtlCKER (Principal), Presidential Ad- 

, dress at Glasgow by, 3. 

on determining magnetic force at 

sea, 29. . 

on praetioal electrical standards, 31. 

Budlbr (P. W.) on the work of the 
Corresponding Societies Committee, 
466. • • 

*Sai Kau, a Siamo-Malayan village. An- 
thropological notes on, by N. Annan* 
dale and H. C. Robinson, 804. 
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SAKUBAi (Prof. Joji) on some points in 
chemical education, 612. 

Salomons (Sir D.) on the resieta^oe of 
road vehicles to traction, 402. 

Salt, the circulation of, and its geological 
bearings, W. Ackroyd on, 654. 

Salt solutiont, the methods for the deter- 
mination of hydrolytio dissociation of. 
Dr. R, C. Farmer on^ 240. 
’^‘Sandbrson (Sir J. Burdon) on the use 
of the telephone for investigating the 
rhythmic phenomena in muscle, 816. 
Sandwich Islands, the zooUtgy of the. 
Eleventh report on, 352. 

Sarawak swords, a provisional classifica- 
tion of, B. Shelf ord on, 804. 

Schafer (Prof. £. A.) on the micro- 
chemistry of cells, 445. 

on hone marrow, 447- 

SCHABFF (Dr. R. F.) on the eaeploration 
of caves in Ireland, 282. 

Schists, crystalline, of the southern 
Highlands, P. Macnair on, 633. 

School education, the infiaencc of the 
Universities on, Rt. Rev, J, Percival 
on, 448. 

Schuster (Prof. A.) on determining mag- 
netic force at sea, 29. 

on practical electrical standards, 31. 

on radiation from a source of light 

in a magnetic field, 39. 

on wave-length tables of the spectra 

of the elements and compounds, 79. 

on the discharge of electricity 

through mercury vapour, 531. 

Science, the teaching of, in elementary 
schools. Report on, 458. 

ScLATER (Dr. P, L.) on the present state 
of our knowledge of the zoology of the 
Sandwich Islands, 352. 

on the compilation of an index 

generum et specierum aninudium, br»2. 
Scott (Dr. D. H.) on a primitive typo of 
structure in Calamites, 849. 

Scott Elliot (G. F.) on the effects of 
vegetation in the valley and plains of 
the Clyde, 718. 

on the strength and resistanc<^ to 

pressure of certain seeds and fruits, 
852. 

Screw gauge, the British Association, 
Report on, 407. 

Secu&r inequalities, the equation of, 
T. J. I’A. Bromwich on, 553. 
Sedgwick (A.) on the occupation of a 
. table out the Zoological Station at 
Naples, tS54. 

— on the coral reefs of the Indian 
region, 363. 

oh investigations made at the Marine 

Biological Laboratory at Plymouth, 376. 
Seeds pf JEthiotesta and IStephanosper- 
mum, points in the structure of, ^of . 
F. W. Oliver on, 861. 


Seeds and fruits, the strength and resist- 
ance to pressure of certain, G. F. 
Scott Elliot on, 852. 

Seismograph ^as a sensitive barometer, 
F. Napier Denison on the, 577. 

Seismological investigation. Sixth report 
071, 40. t 

Semicarbazides, the existence of certain, 
in more than one modificatidL, Dr. G. 
Young on, 609. 

Sennett (A. R.) on the resistance of 
road vehicles to traction, 402. 

Sbntbr (G.) and Prof. W. Ramsay on 
hydrostatic pressure, 529. 

and M. W. Travers on a compari- 
son of the constant volume and con- 
stant pressure scales for hydrogen 
between 0® and — 190° C., 646; 

Sewage, changes occurring in, treated in 
bacteria beds. Prof. Letts and R. F. 
Blake on, 601. 

* , humus and irreducible residue in 

the bacterial treatment of, Dr. 6. 
Rideal on, 603. 

Seward (A. C.) on a chapter of plant* 
evolution : Jurassic floras, 856. 

on the structure and origin of jet, 

856. 

and Sybille O. Ford on the ana- 
tomy of Todea, with an account of the 
geological history of the Osmundacess, 
847. 

Sexual cells, the heterotypical division 
in*the maturation phases of the. Dr. 
T. H. Bryce on, 685: 

reproduction in relation to varia- 
tion, J. Y. Simpson on, 688. 

Sharp (D.) on the zoology of the Sand- 
wich Islands, 352. 

Shaw (W. N.) on practical electrical 
standards, 31. 

on the effect of sea temperature 

upon the seasonal variation of air 
temperature of the British Isle^, 560. 

on weather maps, 725. 

and R. Waley Cohen on the 

seasonal variation of the atmospheric 
temperature of the British Isles and 
its relation to wind-direction, 558. 

Shelfobd (R.) on some Bornean insects, 
689. 

on a provisional classification of 

the swords of the Sarawak tribes, 
804. 

^Sherrington (Prof. C. ^.) on an ex- 
periment on the motor cortex of the 
monkey, 816. 

Shipping subsidies, Benedict W. Gins- 
burg on, 743. 

Sieve tubes of Pinus, the histology of 
the.A. W. Hillon, 835. & 

Silohester excavation, J^port on the, 426. 

’^Silurian and Carboniferous flora of the 
Hartz, Prof. H. Potoni6 on, 861. 



Silurian and Ordovician rocks of K.W. 
Ireland, the relations of the, to the 
great Wtamorphic series, J. R. Kilroe 
and A. McHenry on, 63(1 

Simpson (J. Y.) on the relation of 
binary fission tand conjugation to 
variation, 

Singkep commutator, David P. Todd on 
the, Wl. 

Singular points of analytic functions, a 
criterion for the recognition of, Prof. 
Mittag-Lefller on, 649. 

Skeat (W. W.) on the Natural B.istoi*y | 
<md Mhnography of the Malay Penin- 
eula^ 411. 

on the wild tribes of the Malay 

Peninsula, 803. 

Skeleton^ human^ found in the stone cirele 
of Arhor Lovo^ JDr. J, JE, Qcureon on^ 
438. 

of Hen Nekht, C. S. Myers on the, 

797. 

Skinner (S.) on a comparison of silver 
deposited in voltameters containing 
different solvents^ 32. 

Skull, human, found in peat in the bed 
of the river Orwell, Miss N. Layard on, 
789. 

Skye, Tertiary igneous eruptions in, the 
sequence of, A. Harker on, 636. 

Smart (Prof. W.) on the effect of legisla- | 
tion regulating women's labour^ 399. : 

♦ on housing, 763. i 

Smith (E. A.) on the present state* of our \ 

knowledge ofthS zoology of the Saudieivh \ 
Islands^ 362. 

(B. Shrapnell) on the remstance of '' 

road vehicles to traction^ 402. 

(G. F. Herbert) on the structure of . 

crystals, 297. 

(Prof. Michie) on underground tem- 
perature, 64. 

• (W. G.) on methods and objects of 
a bgtanical survey of Scotland, 720. 

SmitheIjLS (Prof. A.) on the movements | 
of underground waters of N. W. York- ! 
shire, 337. 

on the teaching of Science in Ele- 
mentary Sohoolsy 468. 

Solid, hot, radiation of heat and light 
from a, Dr. J. T. Bottomley on, 
562. 

SoLLAS (Prof. W. J.) on the erratic blocks 
of the British Isles, 283. 

— — on the structure of crystals, 297. 

on the investigation of fossil 

remains by serial sections, 643. 

Solutions, the flow of, in plant stems. 
Prof. B. J. Anderson on, 846. 

* , the freezing points of certain 

dilate, E. H. Griffiths on, 630. 

^Solvents, the influence of, on thd rota- 
tion of optically active compounds, Dr. 
T. S. Patterson on, 614. 


SOMBBVAIL (Alex.) on the occurrence 
of diorite associated with granite at 
Assouan, Upper Egypt, 663. 

Son- and brother-in-law, the functions of 
the, in Torres Straits, Dr. Rivers on, 
800. 

Sounding and grouncUcollecting appara- 
tus, Prof. G. Gilson on a, 696. 

♦Soundings, recording, by photography, 
J. Dillon on, 773. 

Speoifio heat of water, the variation of 
the. Prof 11, L. CalUndar on, 34. 

heats of metals s^t low temperatures, 

a method of determining, T. G. Bed- 
ford and C. F. Green on, 544. 

Spectra of the elements and compounds, 
wave-length tables of the, Report on, 79. 

— absorption, and chemical constitu- 
tion cf organic bodies. Report on the 
relation between, 208. 

♦Spectroscope, echelon, for magneto- 
optic observation. Prof. A. Gray and 
Dr. W. Stewart on an, 669. 

Spectroscopy, the bibliography of Pinal 
report on, 155. 

♦Spherical trigonometry. Prof. A. G. 
Greenhill and C. V Boys on, 561. 
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1896. jEkkert, Miss Dorothea. 95 Upper Parliament-street, Liverpool. 
1870. {Elder, Mrd. 6 Claremont-terrace, Glasgow. 

.1890. §Elford, Pcrc;^. St. Jqhn’s College, Oxford. 

1886. •Elgae, Francis, LL.D., F.R.S., F.R.S.E., M.In8t.C.E. 113 Cannon- 
street, E.C. 

1901. •Elies, Miss Gertrude L. Newnham College, Cambridge. 

1883. {Ellington, Edward Bayzand, M.Inst.C.E. Palace-chambers, Bridge- 
street, AVestminster, S.AA’^, 

1891. {Elliott, A. C.,D.Sc., Professor of Engineering in University College, 

* Cardiff. 2 Plasturton-avenue, Cardiff*. 

1883. •Elliott, Edwin Bailet, M.A., F.R.S., F.R.A.S., Waynflete 

Professor of Pure Mathematics in the University of Oxford. 

4 iWdwell-road, Oxford. 

Elliott, John Fogg. Elvet Hill, Durham. 

1886. {Ellio-j, Thomas Henry, C.B., F.S.S. Board of Agriculture, 

1876. ‘Ellis, H. D. 12 ^louwster-terrace, Hyde Park, W. 

1880, •Ellis, John Henry (Local Sec. 1883). AVoodhaye, Ivy Bridge, 
Devon. 

1891. §Ellis, Miss M. A. 11 Canterbuiw-road, Oxford. 

1884. {Ellis, Professor W. Hodgson, M.A., M.B. 74 St. Alhan’^street, * 

Toronto, Canada. 

EUman, Rev. E. B. Bemick Rectory, near Lewes, Sussex, 

1887. {Elmy, Ben. Congleton, Cheshire. • 

9^862. {Elphinstone, Sir H. AV., Bart., M.A., F.L.S. 2 Stone-buildings, 

Lincoln's Inn, AV.O. ^ ^ . • 

1899. •Elvery, Miss Amelia. The Cedars, Maison Dieu-road, Dover. 

1901. c 
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1897. §Elvery, Mrs. Elizabeth. The Cedars, Maison Dieu-road, Dover. 

1883. JElwes, Captain George Kobert. Uossington, Bournemouth. 

1887. §Elwortuy, Fredtjkick T. Foxdowii, Wellington, Somerset. 

1870. *Ely, The Right Rev. Lord Alwyne Compton, D.l) , Lord Bishop 

of. The Palace, Ely, Cambridgeshire. . ^ 

1897. JEly,. Robert E. 23 West 44th Street, New York, U.S.A. 

1891. JEmerton, Wolseley, D.C.L. Banwell Ciistle, Somerset. 

1884. jEmery, All>ert II. Stamford, Comiectieut, U.S.A. 

1803. JEiuory, The Ven. Archdeacon, B.1). lily, Cambridgeshire. 

1894. jEmtago, W. T. A. Director of Public Instruction, Mauritius. % 
1860. JEntield, Richard. IjOw Pavement, Nottingham, 

1884. ^England, Ijiitlier M. Knowlton, (Quebec, Canada. 

1853. tEiiglish, E. Wilkins. Y’orkshire Banking Company, I^wgate, Hull, 
1883. JEntwistle, James P. Beachfield, 2 Westclylle-road, Southport. 
1869.. *Enys, John Davis. Enys, Penryn, ConiwalL 
1894. §Erskine-]Miirray, .Tamos. University College, Nottingham. 

1862. *^Esson, William, M.A., F.R.S., F.U.A.S., Savilian Professor of 
GeomtUrv in the Uiiivensity of Oxford. 1 3 Bradinore-road, Oxford. 

1887. •Estcourt, Charles. IIa 3 ^esleigh, Montague-road, Old Traflbrd, Man- 
chester. 

1887. •Estcourt, P. A., F.C.S., F.T.C. Se^'mour House, Seymour Street, 

Manchester. 

1869. IEtheridge, R., F.R.S., F.R.S.E., F.G.S. (IVes. C, 1882^. 

14 Carlyle-square, S.W. 

1888. f Etheridge, Mrs. 14 Carlyle-square, 8. W. 

1901. SEttersbank, John. Caro of 3Iessrs. Dalgety Sc Co., 52 Lombard 
Street, E.C. 

1883. jEunson, Henry J., F.G.S., Assoc.M.Inst.O.E, Yizianagram, Madras. 
1881. jEvans, Alfred, M.A., M.B. Pontypridd. 

1889. *Evans, A. IL, M. A. 9 llarvey-road, 'Cambridge. 

1887. *Evans, Mrs. Alfred W. A. Lyndhurst, Upper Ohorlton-road, 
Whalley Rangt?, Manchester. 

1870. •Evans, Arthur John, M.A., F.U.S., F.S.A. (Pres. U, 1896). 

Youlbury, Abingdon, 

1865. *Evans, Rev. Charles, M.A. Parkstone, Dorset. 

1896. §Evans, Edward, jun. Spital Old Hall, Bromborougli, Cheshire, 

1891. JEvans, Franklen. Llwynarthen, Castleton, Cardill*. 

1889. tJ'Aans, Henry Jones, tlreenhill, Whitchurch, Cardifl'. 

1883. *Evan8, James C. 38 Crescent Road, Birkdale, Southport. 

1883. *Evans, Mrs. James C. 38 Crescent Road, Birkdale, Southport • 
1861. *Evans, Sir John, K.O.B., D.C.L., LL.D., D.Sc., F.R.S.f F.S A 
F.L.S., F.G.S. (President, 1897; Pros. C, 1878; Pres. Jl' 
1890; Council 1868-74, 1875-82, 1889-96). Nash Mills 
Ilemel Hempstead. 

1897. *Evau8, Lady. Nash Mills, Ilemel Hempstead. 

1898. JEvans, Jonathan L. 4 Litfield-place, Clifton, Bristol.* 

1881. JEvans, I^ewis. Llanfyrnach, R.S.O., Peibbrokeshire. 

1886. •Evans, Percy Bagiiall. Thtj Spring, Kenilworth. 

1866. JEvans, Sebastian, M. A., LL.D. 15 Waterloo-crescent, Dover. 

1899. JEvans, Mrs. 16 Waterloo-crescent, Dover. 

• 1876. X^vanSf Sparko, 3 ApBley-road^ Clifton^ Bristol. 

1866. •Evans, William. The Spring, Kenilworth. 

1891. JEvan-Thomas, C., J.P. The GnoU, Neath, Glamorganshire. 

1886. JEve, A. S. Marlborough College, Wilts. 

1871. ' JEve, II. Weston, M.A. 37 Gordon Square, W^.C. 

Jses. . •Eveebtt, j. U., M.A., D.C.L., F.R.S.; F.R.S.E. 11 Leopold Road, 
Ealing, W. ' ' 
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1895. jEverett, W, II,, 11.A-. University College, Nottingham. 

1863. •Everitt, Georgj Allen, F.ILG.S. Knowle ITall, AVarwickshire. 

1886. JEveritt, William E. Finstall Park, Bromsgrove. 

1883, jEves, Ittiss Florence. Uxbridge. 

1881. JE^art, J. (Jossar, M.D., h\U.S. (Pres. D, 1901), Professor of 
• , Natural History in the University of Edinburgh. 

1874. {Ewart, Sir W.^Quartus, Bart. (Local Sec. 1874; A^ice-Presi- 
i)ENT 1902). Glenmaclian, Belfast, 

1876. *Ewinc, James Alfred, M.A., B.Sc., F.R.S., F.R.S.E., M.Inst. 

O.E., Professor of Aleclianism and Apjdied Mechanics in the 
University of Cambridge. Langdale Lodge, Cambridge. 

3883. {Ewing, James L. 62 North Bridge, Edinburgh. 

1864. *Eyerman, John, F.Z.S. Oakhurst, Easton, Pennsylvania, U.S.A. 

1882. {Eyre, G. E. Briscoe. Warrens, near Lyndluirst, Hants. 

j!lyton, Charles. Ilondred House, Abingdon. 


1800. {Faber, Edmund Beckett. Straylea, Harrogate. 

1896. { Fairbro tiler, Thomas. 46 Lethbridge-road, Southport. 

1901. §fairgrieve, M. McCallum. New College, I'ast bourne. 

1806. * Fairley, TiioM.t F.C.S. 8 Xewton-gruve. Leeds. 

1890. {Falk, Herman John, M.A. Thorshill, AVost Kirby, Liverpool. 

1883. {/'Vi/A>//, TV. S. 9 St. JameAH-ufjuaref Cheltenham. 

1808. § Faraday, Miss Ihhol R., AI.A. Ramsay Lodge, Levenshulme, near 
Alaiicliester. 

1877. §FARADAy, F. J., F.L.S., F.S.S. (Local Sec. 3887). College- 
chambers. 17 Brazeniiose-street, Manchester. 

1891. XFards, G. Penarth. 

1802. ’•Farmer, J. Bketlanr, AI.A., F.R.S., F.L.S., Professor of Botany, 
Reyal College of Science, Exhibition-road, S.AV. 

1880. {Farncombe, Joseph, J.P., Saltwood, Speiicer-ri ad, Eastbourne. 

1807. •FarnwortU, Eruejst. Broadhinds, Goldthorn Hill, AVolverhampton. 

1897. *Farn worth, Mrs. .Ernest. Broadlands, Goldthorn Hill, Wolver- 

hampton. 

1883. {Farnw’ortli, Walter. 86 Preston New-road, Blackburn. 

1883. {Farnworth, AVilliain. 86 Preston New-road, Blackburn. 

1886, {Farqubar, Admiral. Cuidogiti, Aberdeen. 

1886. {Faruuiiarson, Colonel Sir J., K.C.B., R.E. Corrachee, Tarland, 
• Aberdeen. 

185£T. {Farquharson, Robert F. O. Nctherton AJeigle, N.B. 

1886. *Farquharson, Airs. R. F. O. Netberton Meigle, N.B. 

1866. ’•Farrar, The A’^ery Rev. Frederic AA^'illiam, D.l)., F.Il.S. The 
Deanery, Canterbury. 

1883, {Farrell, John Arthur. Moynalty, Kells, North Ireland. 

1897. {Farthing, -Rov. J. C., M.A. The Rectory, AVoodstock, Ontario, 
Canada. 

1869. *Faulding, Joseph. Boxley House, Tenterden, Kent. 

1883. {Faiilding, Mrs. Boxley House, Tenterdtm, Kent. 

1887. § Faulkner, .Tolm. L? Great Duqie-street, Strange ways, Manchester. 
1890. *Fawcett, F. B. University College, Bristol. 

1900. §Fawcett, j. E., .T.P. (Local Sec. 1900). Low Royd, Afperley 
Bridge, Ilradforcl. 

1001. ^Fearnsides, W. G. Addiugford Hill, Ilorbury, Yorkshire. 

1886. {Felkin, Robert W., AI.D., F.R.G.S, 0 Crouch Hall-road, N. . 

' Fell, John B. Sparlds Bridge, Ulveratoue, Lancashire. 

1900. ’•Fennell, AV. John. Kilcoroon, Stockman’s Lane, Belfast. 

1883. {Fenwick, E. H. 29 Harley-streot, W; ’ ’ 

c 2 
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1800. J Fenwick, T. Chapel Allortoii, Leeds. 

1001. § Fergus, Freeland, M.D. 22 Blythswood Square, Glasgow. 

ISru. tFergiisou, Alexander A. 11 Grosvenor-terrace, Glasgow. 

i Ferguson, Mrs. A. A. 11 Grosvenor-terrace, Glasgo .ir. 

1002. §Fercutsox, Godfrey AV^ (Local Shcretary, 1902). Oliiaw 

Donegall Park. Belfast. ' 

1S71. •FiiRousoN, JoHX, M.A., LL.T)., F.ll.S.E., F.S.A., F.C.S., Professor 
of Cheiuiatry in the University of Glasgow. 

1896. *Ferguson, .Tohii." Colombo, Ceylon. 

1867. tFerguson, Robert M., LL.D., Ph.I)., F.R.S.E. 6 L^armoiith-terr^co, 
Edinburgh. 

1901. § Ferguson, li. \\ . 12o Chiiroh Sti*eet. Edgware R*)ad, N. W. 

188:j. JFornald, Tl. P. (.-larenee House, Promenade, (.Mieltenham. a 
188:1. •Fernie, .lohn. BoxXo. 2, Iliitchinson, Kansas, U.S.A. 

1802. tFERHEiis, Rev. Xokmax Macleod, D.I)., F.B.S. (Local Sec. 1802). 
Caius College Lodge, Cambridge. 

1873. tFERRTER, Dvvid, M.A., M.D., LL.l)., F.R.S., Professor of Neuro- 
l\rthology in King s 0.)lh^ge, London. 34 Cavendisli-sqiiare, W. 
1892. JFerrier, Robert M., 13.Se. Profe.ssor of Engineering, Uiiivorsitv 
College, Bristol. 

1897. JFerrier, \V. F. G(?ological Survey, Ottaw’a, Canada. 

1897. f Fessenden, lleginald A., Profeksor of Electrical Engineering 
University, Alleghany, Pennsylvania, U.8.A. * 

1882. §Fewings, Janies, B.A., B.*Sc. King Edward VI. Grammar School, 
Southampton. 

1887. tFiddes, Thomas, M.D. Penwood, Urmston, near Manchester. 

1875. JFiddes, Walt^'r. Clapton Villa, Tyndall’s Park, Clifton, Bristol. 
1808. JField, Edward. Xorwich. 

18{)7. George Wilton, Ph.D. Experimental Station, Kino-ston. 

Rhode Island, U.S.A. ' 

1886. JField, JI. 0. 4 Carpenter-road, Edgbaston, Birmingham. 

1882. jFilliter, Freeland. St. Martin’s House, Wareham, Dorset. 

1883. *Finch, Gerard B., M.A. 1 St. Peter’s- terrace, Cambridge. 

1878. *Fiiidlatcr, Sir William. 22 Fitzwilliani-square, Dublin. 

1884. J Finlay, Samuel. Montreal, Canada. 

1887. JFinnemore, Rev. J., M.A. , Ph.D., F.G.S. 88 Upper llanover-street, 

Sheflield. 

1881. jFirtli, (hdoiK?! Sir Charles. Ilndcmondwiko. 

1896. §Fish, Frederick J, Spursholt, Park-road, Ipswich. 

1891. jFisher, Major IT. O. The Highlands, Llaiidougli, near Cardiff 

1884. *Fisher, li. (J. Galveston, Texas, U.S.A. 

1869. JFisher, Rev. Oshond, M.A., F.G.S. Ilarlton Rectory, near 
Cambridge. 

1875. *Fisher, W. W., M.A., F.G.S. 5 St. Margan;t’s-road, Oxford. 

1858. :^Fishwick, Henry. Carr-iiill, Rochdale. 

1887. HMson, Alfred H., D.Sc. 25 Blenheim-gardens, Willesden Green, N.W. 

1885. JFison, E. Herbert. Stoke lIou.se, Ipswich. 

1871. •Fisox, Frederick W., M. A., M.P., F.G.S. Greenholme, Burley-in- 
Wharfedale, near Lced.s. 

18/1. JFitcii, Sir J. G., M.A., LIj.D. (Council, 1871—75). Atbenrciim 
.. Club, S.W. 

1883. J Fitch, Rev. J. J. Ivy holme, Southport. 

1878. JFitzgerald, O. E., M.D. 27 Upper Merrion-street, Dublin. 

1886/ •FitjsGerald, Professor Maurice, B.A. (Local Secretary, 
1002). 32 Eglantine-avenue, Belfast. , 

1894. JFitzmaurlce, M., M.In8t.C.E. London County Council, Spring 
Gardens, S.W. 
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1883. *Fitzpatriok, Rev. TnoMAs C. Christ’s College, Cambridge. 

J8D7. JFlavelle, J. \V, ^66 Jarvis-street, Toronto, Canada. 

1881. jFleming, Rev. Canon J., B.l). St. IMicliaers Vicarage, Ebury- 
sqirare, S.W. 

1876. tFlfeining, James lirown. Boaconsfield, Kolvinside, Glasgow. 

187<v tFleming, Sir Sandford, K.C.M.G., F.G.S. Ottawa, Canada. 

1807. jFLETCHER, Alfr:PD E., F.C.S. lielmore, Calerliam, Surrey. 

1870. JFletcher, B. Edgington. Norwich. 

1890. ^.Fletcher, B. Morley. 7 Vicloriii-street, S.W. 

1892. jFletcher, Georges, F.G.S. (jO Coiinaught-a venue, Plymouth. 

1888. *FLF.TcnEU, Lasjakus, M.A., F.R.S., F.G.S., F.C.S. (Pres. C, 

1894), Keeper of Minerals, British Mu&ouiii (Natural History ), 
• Croiu well-road, S.W. 30 Woodville-road, Ealing, W. 

lt)()l. §Flett, J. S. Edinburgh. 

1889. iFlower, Lady. 20 Stanhope-gardens, S.W. 
l877..*Flo3’^er, Ernest A. Green Hill, Worcester. 

1890. •Flux, A. W., M.A., Professor of Political Economy in the Univer- 

sity, Montreal. 

1891. jFoldvarv, William. Museum Ring, 10, Buda Pesth. 

1880. JFoote, R. Bruce, F.G.S. Care of Messrs. II. S. King & Co., 05 
Cornhill, J:.C. 

1873. •Fokiiks, Oeoroe, ]\r.A., F.R.S., F.R.S.E., :\I.Tnst.C.E. 34 Great 
George-.street, S.W. 

1883. JForbes, Henry O., F.Z.S., Director of Museums for the Cor- 

poration of Ijiverpool. The ^Sluseum, Liverpool. 

1807. tForhes, J., K.C. Hazeldeaii, Putney-hill, S.W. 

1886. JForbes, The Right Hon. Lord. CastleForhes, Aberdeenshire. 

1800. JFori), j. Rawlinson (Local Sec. 1890). Quarry Dene, Weetwood- 

lane, Leeds. , 

1876. *FoRDir^\M, 11. GEOiiriE. Odsey, Ashwell, Baldock, Herts. 

1894. 1 Forrest, Frederick. Beech wood, Castle Hill, Hasting.^. 

1887. tFoiiKEST, The Right Hon. Sir John, G.C.M.G., F.R.G.S., F.G.S. 

Perth, * Weste rn A ust rali a . 

1883. tFoKSYTH, A. Jx\, M.A., D.Sc., PMl.S. (Pres. A, 1807), Sadlerian 

Professor of Pure ^lathemat^cs in the University of Cambridge. 
Trinity College, ( ’ambridge. 

1900, jForsyth, 1). Central Higher Grade School, I^eeds. 

1884. J Fort, George II. Laketield, Ontario, Canada. 

18X7. JFortescujj, The Right Hon. tlie Eari. Castle Hill, North Devon. 
l89tf. IFoRWOon, Sir Wili.iaji Ik, J.P. Ramleh, Bhindellsands, Liverpool. 
1875. JFoster, A. 1 a ^ Neve. 51 Cadoiraii-square, S.W. 

1865. tFoster, Sir B. Walter, M.D., M.P. 10 Temple-row, Birmingham. 
1865. •Foster, Clement I.e Neve, B..\., D.Sc., F.R.S., F.G.S., Professor of 
Milling in the Royal College of Science, London. 

1883. tFoster ,3Irs. C. Lo Neve. 

1857. *Foster, George Carey, B.A., F.R.S., V.P.C.S. (General 
Treasurer, 1898- ; Pres, A, 1877; Council 1871-70, 1877- 

82). Ladywalk, Rickmanswortli. 

1896. J Foster, Miss llarriet. Cambridge Training (^olloge, Wollaston-road, 
Cambridge. 

1877. § Foster, Joseph B. 4 Cambridgo-street, Plymouth. » 

1859. "Foster, Sir Michael, K.C.B., INl.P., M.A., JM.D., I.L.D., D.C.L., 

Sec.R.S., F.Jj.S. (President, 1899; Gen. Sec. 1872-70; 
Prea. 1, 1897 ; ( Jouncil, 1871-72), Professor of Physiology m^tho 
c University of Cambridge. Great Sholford, Cambridge. 

1901, §Post.er,- T. Gregory, Ph:D. University College, W.C., and Clifton, 

Northwood, Middlesex, 
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1896, JFowkes, F. llawksbead^ Ambleside. 

18G6. JFowler, George, M.Iiist.(\K., F.G.S. ]lnsfovd Hall, near Nottingliam* 

1868. JFowler, G. G. Guntoii Hall, Lowestoft, Suflolk. 

1892. JFowler, Miss Jessie A. 4 iV: o rniperial-biiildiiigs, Liidgate-circus, 
K.C. 

1901. §Fowlis, William. 45 John Street, Glasgow. ^ 

1883. *Fox, Charles. The Chestnuts, Warlingham on the Hill, Surrfey. 
1883. §Fox, Sir Ckakles Houglas, M.Inst.C.h]. (Pres. G, 1890). 

28 Victoria-street, Westminster, S.W, 

1896. JFox, Henrv J. Bank’s Dale, Bromhorough, near Livci*pool. 

1883. JFox, Howard, F.G.S. Eosehill, Falmouth. 

1847. *Fox, Joseph Hoyland. The Clive, Wellington, Somerset. 

1900. *Fox, Thomas. Pyles Thorne House, Wellington, Somerset. ^ 

1881. •Foxwrll, HKKiiEKT S., M.A., F.S.S. (Council 1894-97), Professor of 

Political J^’conomy in University College, London. St. John’s 
College, Cambridge. 

1889. JFrain, Joseph, M.J). Grosveiior-placc, Jesmoiid, Newcastle-upon- 
Tyne. 

Francis, Willtam, Ph.D., F.L.S., F.G.S., F.E.A.S. lied Lion-court, 
Fleet-street, E.(’. ; and Manor House, Bichmond, Surrey. 

1887. *Fraxkland, Percy F., J*h.D., B.Sc., F.Il.S. (Pres. B, lOUl). Pro- 
fessor of Chemistry in the University, Birmingham. 

1894. §Frauklin, Mrs. J*]. L. 50 Porchester-torrace, W. 

1896. § Fraser, Alexander. 03 Cliurch-sl nmt, Inverness. 

1882. *Fraser, Alexander, 31. B., Professor of Anatomy in the Royal 

College of Surgeons, Dublin. 

1886. JFraser, Angus, M.A., 31.1)., F.C.S. (Local Soc. 1885). 232 
Union-street, Aljerdeen. 

1865. ♦Fraser, John, M.A., 31. D., F.G.S. Chapel Ash, Wolverhampton. 
1871. JFraser, Thomas li., 3I.D., F.H.S., b’.E.S.K., Professor of Materia 
3redica and Clinical Aledicino in the University of Edinburgh. 
13 Drum.shengh-gar<len.s, ICdiuburgh. 

1871. JFrazer, Evan L. K. Brunswick-tenace, Spring' Bftnk, Hull. 

1884. •Frazer, Persifor, 3f.A., D.Sc. (Univ. de France). Room 1042, 

Drexel Building, Philadelphia, U.S.A. 

1884. *Fream, W., LL.D., B.Se., F.L.S., F.G.S., F.S.S. The Vinery, 
Dowuton, Sfili.sbury. 

1877. §Freeman, Franci-s Ford. Ahbotslield, Tavistock, South Devon, 
1884. *Fkemanile, The lion. Sir C. W., K.C.B. (Pres. F, 1892 ; Council 
1897“ ). 4 Jjowxt Slo.'ine-.stTOet, S.W. 

1869. JFrere, Rev. William Edward. The Rectory, Bitton, near Bristol. 

1886. JFREsifiTELD, Douglas 3\\, F.R.G.S. 1 Airlie-gardens, Campden 

Hill, W. 

1901. §Frew, William, Ph.D. 11 Tlillhead Street, Glasgow. 

18H7. JFriea, Harold 11., Ph.D. 92 lleade-street. New Yorlj, U.S.A. 

1887. \FroehUch, The Camliere. (frosvenor Terrace, Wifhington, Man- 

Chester, 

1892. •Frost, Edmund, 3I.B. Chesterfield, 3fends, Eastbourne. 

1882, § Frost, Edw’ard P. ,J.P. IV’est Wrattiiig Hall, Cambiidgeshire. 
1887. •Frost, Robert, B.Sc. 53 Victoria-road, W. 

1899. JFry, Edward W, Cannon-street, Dover. 

1898. JFry, The Right Hon. Sir Edward, D.C.L., LL.D., F.R.S., F.S.A. 

Failand House, Failand, near Bristol. 

1898.. JFry, Francis J. Ijeigh Woods, Clifton, Bristol. 

1875. *Fry, Joseph Storrs. 17 Upper Belgrave-road, Clifton, Bristol. 

1898. JFryer, Alfred C., Ph.D. 13 Eaton-crescent, Clifton, Bristol. 

1884. JFryer, Joseph, J.P. . Smelt House, Howden-le-Wear, Co, Durham. 
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18^6. JFullarton, Dr. J. H. FiBhery Board for Scotland, Qeorge-street, 
Edinburgh. 

1872. *Fuller, Rev. X. 7 Sydenham-hill, Sydenham, S.E. 

1859. tFtrLL»R,FREDBRiCK,M.A.(l.iOcal Sec‘l859). 0 Palace-road, Surbiton. 
1869. jBuLLER, Q., M.Inst.C.E. (J^ocal Sec. 1874). 71 Lexham-gardens, 
Kensinfirtoii, W. 

18fi!4. tFuller, William,^M.B. Oswestry. 

1891. fFulton, Andrew. 28 Park-place, Cardiff. 


1887. Q. II. Adria House, Toy-lane, AVithington, Manchester. 

3863. •Gainsford, W. D. Skendleby Hall, Spilaby. 

1S96. JGair, II. W. 21 Water-street, Liverpool. 

1860. IGairdner, Sir W. T., K.O.B., M.D., LL.D., F.R.S. 32 George 

Square, lildinburgh. 

1876. JGale, James M. 23 MilleMtreet, Glasgow. 

1886. *Gallaway, Alexander. Dirgarve, Aberfeldy, N.B. 

1861. JGalloway, Charles John. Knott Mill Iron Works, Manchester. 
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1859. JLalor, John Joseph, M.R.T.A. City Hall, Cork Hill, Dublin. 

1889, *Lamb, Edmund, M.A. Borden AVood, Lipliook, Hants. • 
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F.R.G.S. United Service Club, Pall Mall, S.W. * • * 
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Edinburgh. 

1890. tMarshall, .Tohn. Dc^rwent Island, Keswick. 

1901. § Marshall, liohMi-t. 97 Wellington Street, Glasgow, 

1886. ♦Marshall, William Baxley, M.Inst.O.E. Richmond Hill,Edgbas- 

ton, Birmingham. 
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1890. tMavtindale, William, F.L.S. 19 Devonshire -street, Portland- 

place, ,AV, 

1805. JMartineaii, 11. F, 18 Iligli field-road, Edgbaston, Birmingham. 

1883. SMauwick, Sir j, 1)., IjL. 1)., F.K.S.E. (Local Sec. 1871, 1876, 1901), 
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1894. §Maxim, Sir Hiram S. 18 Queen’s Gate-place, Kensington, S^.W. 
•Maxwell, Robert Perceval. Finnebrogue, Downpatrick. 
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1900. §Monckton, H. W., V.P.U.S. 3 Horcourt Buildings, Temple, EU. 

1887. Lunwio, PhD., F.R.S., F.C.S. (Pres. B, 1896). 20 

Avenue-road, Regent s Park, N.W. 

* 1891. *Mond, Robert Ludwig, M.A., F.R.S.E,, F.G.S. 20 Avenue-road, 
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1890. {Moore, Major, R.E. School of Military Engineering, Cha^ 

1901. *Moore, Robert J. «166 Vincent Street, Glasgow^ 

E 2 



68 


LIST OF MEMBEES. 


Year of 
Election. 

189G. *Mordey, W, M. Prince 's-mansions, Victoria-street, S.W. 

1891. jMorel/P. Lavernock House, near Cardiff. 

1901. §Moreno, Francisco P. Argentine Legation, W. 

1881. JMorgax, Alfred. 50 West Bay-street, Jacksonville, Floridai 

U.S.A. 

1895. :f Morgan, G. Lloyd, F.E.S., F.G.S., Principal of University CMlegc, 

Bristol. 1() Canyiige-road, Clifton, Bristol. 

1873. tMorgan, Edward Doliiiar, F.E.G.S. 15 Eoland-gardens, Soum 

Kensington, S.W. 

1891, JMorgan, F. Forest Lodge, Kuspidge, Gloucestersbiro. 

18t)0. §Morgau, George. 21 Upper Parliament Street, Liverpool. 

1887. JMorgan, John Gray. 38 Lloyd-street, Manchester. 

1882. ^Morgan, Thomas, J.P. Cross House, Southampton. 

1901. *3Iorisoii, James. Perth. 

1892, t^lt)rison, John, M.B., F.G.S. Victoria-street, St. Albans. 

1889'. §Morisou, J. Eutherlbrd, M.D. 14 Saville-row, Nowcastle-upon- 
Tyne. 

1893, ^Morland, John, J.I*. Glastonbury. 

1891. JMorloy, 11. The Gas AVorks, Cardiff. 

1883. *MoRLi:y, Henry Forster, M.A.,D.Sc.,F.O.S.. 47 Broadhurst-gar- 

deus, South Hampstead, N.AV. 

1889. IMorley, The Eight Hon. John, M.A., LL.D., M.P., F.RS. 
95 Elm Park-gardens, S.W. 

1896. JAIorrell, E. S. Cains College, Cambridge. 

1881. JMorrell, AV. W. York City and County Biink, York. 

1883. I Morris, C. S. Alillbrook Iron Works, Land ore, South AVales. 

1892. tMoRKTs, Hvnjel, C.Al.G., M.A., D.Sc., F.L.S. Barbados, AVest 

Indies. 

1800. §AIorris, G. Harris, B.Sc., Ph.D., F.I.O. Ileleiislea, South Hill 
Parlr, Bromley, Kent. 

1883. George Lockwood. Millbrook Irdn AV^orks, Swansea. 

1880. § Morris, James. 0 AVindsor-stveet, Uplands, Swansea. 

1896. *AIorri.^, J. T. 13 Somer.s-place, AV. 

1888. JAIorris, J. W., F.L.S. 27 Green Park, Bath. 

Monns, Samuel, AI.ll.T).S. Fortview, Clontarf, near Dublin. 

1874. JAIorrisoii, G. M.Iiist.C.E. Shanghai, China. 

1871. ^Morrison, J. D. Fordol Castle, Olenfarg, Perthshire. 

1899. § Morrow, Captain John, M.Sc. 7 Eockleaze -avenue, Siieyd Park, 
Bristol. 

1865. tAIortimer, J. E. St. John s-villus, Dritiiehl. 

1860. iAIortiiner, AVilliaiii. Bcdibrd-circus, Exeter. ^ 

1858. ^AIorton, Henry Joseph, 2 Wostbourne- villas, Scarborough. 

1887. tMovton, Percy, Al.A. llltyd House, Brecon, South AA^'ales. 

1886. *Morton, P. F. 15 Ashley ldac«j, Westminster, S.AV. 

1896, *AIorton, AVilliah B., AI.A., Professor of Natural Philosophy in 
Queen’s College, Belfast. 

1883. fMoseley, Mrs. Firwood, Clevedon, Somerset. '' 

1878. *A[os8, John Francis, F.E.G.S. (Local Sec. 1879). Bcechwood, 
Brincliffu, Sheffield. 

1876. §Moss, Eichard Jackson, F.LC., M.E.I.A. Royal Dublin Society, 
and »St. Aubyn’s, Ballybrack, Co. Dublin. 

1864. *Mos8e, J. E. 5 Ohiswick-place, Eastbourne. 

1892. t^ld^man, R. 0., F.R.S.E. 10 Blacket-ploce, Edinburgh. 

187tS. JMossman, AVilliam. St. Hilda’s, Frizinghall, Bradford. 

1802. *Mostyn, S. G., M.A. Fairycroft Terraco, Saffron Walden, 
Essex. 

1860. tyoxT, FBEnsRica: T., r.E.G.S. Crescent House, Leicester. 



LIST OF MEMBERS. 


69 


Y%ar of 

Election. 

1856. $Mould, Rev.*J. G., B.D. Roselaml, Meadfoot, Torquay. 

1878. *MoxrLTON, J. Fletchee, M.A., K.C., M.P., F.R.S. 67 Onslowc. 
- Square, S.W. 

1803. jMounsey, Edward. Sunderland. 

186L ^Mountcastle, William Robert. The Wiffwam, Ellenbrook, near 
Manchester: 

1877. tMouNT-EDGcuMBE, The Right Hon. the Enrl of, D.C.L. Mount- 
Edgcumbe, Devonport. 

1899. §Mowll, Martyn. Chaldercot, Leybiirne-road, Dover. 

1887. JMoxon, Thomas B. County Bank, Manchester. 

1888. JMoyle, R. E., M.A., F.O.S. lleiglitl(»y, (^hudleigli, Devon. 

t884. JMoyse, C. E., B.A., Professor of Englisii Language and Literature 
in McQill College, Montreal. 802 Sherbrooke-street, IVIontreal, 
Oanada. 


. tMoyee, Charles E. 802 Sherbrooke-street, Montreal, Canada. 

►. *Muff, Herbert B. Aston Mount, Heaton, Bradford, Yorkshire, 
r. tMugliston, Rev. J., M.A. Newick House, Cheltenham, 
i. *Muir, Sir John, Bart. Deinster House, Perthshire. 

. ;t;Muiii, M. M. Pattison, M.A. Gonville and Caius College, 
Cambridge. 

. *Muiiuiead, Alexander, D.Sc., F.O.S. 2 Priuce’s-stroet, Storey ’s- 
gate, Westminster, S.W. 

. *Muirhead, Robert Franklin, M.A., B.Sc. 24 Kersland-street, 
Hillhead, Glasgow. 

. tMulhall, Mrs. Marion. Fancourt, Balbriggan, Co. Dublin. 

. ♦MtJLLEK, Hugo, Ph.D., F.R.S., F.C.S. 13 Park-square East, 
Regent’s Park, N. W. 

. JMuller, Hugo M. 1 Griinanger-gasse, Vienna. 

. JMullfns, W. E. Preshute House, Marlborough, Wilts. 

. tMumford, 0. E. Bury St. Edmunds. 

Muhby, ArtJiur Joseph. C Fig-tree-court, Temple, E.C. 

. •Munby, Alan E. Felstead, Es.«ex. 

. JMunro, Donald, M.D., F.C.S. The University, Glasgow. 

. 01unro, Donald, M.D,, J.P. Wbeatholm, Pollokshaws, Glasgow, 

. itMuuro, John, Professor of Mechanical Engineering in the Merchant 
Venturers’ Technical College, Bristol. 

, •Mttnro, Robert, M.A., M.D. (Pres. H, 1893). 48 Manor-place, 
Edinburgh. 

t Murdoch, James Barclay. Oapelrig, Meams, Renfrewshire. 

1 Murphy, A. J. Preston House, Leeds. 

tMurphy, James, M.A., ISI.D. Holly House, Sunderland. 

§ Murphy, Patrick. Murcus-square, Newry, Ireland, 
t Murray, A. Hazeldcan, Kersal, Manchester. 

JMurr^y, G. R. M., F,R.S., F.R.S.E., F.L.S. British Museum 
(Natural History), South Kensington, S.W. 

JMurray, John, M.D. Forres, Scotland. 

JMurray, Sir John, K.C.B., LL.D., Ph.D., F.R.S., F.R.S.E. (Pres. E, 
1899). Challenger Lodge, Wardie, Edinburgh. 
tMurrajr, J. Clark, LL.D., Professor of Logic and Mental Moral • 
Philosophy in McGill University, Montreal. Ill McKay-street, 
Montreal, Canada. 

^Murray, J. Jardine, F.R.O.S.E. 99 Montpellier-road, Brighton. 
tMurray, T. S. 1 Nelson-street, Dundee. 

William, M.D. 9 Ellison-place, Newcastle-on-Tyne. / 
§Musgrayo, Sir James, Bart., D.L. Drumglass House, Belfast.!' 
J^'^sgrave, James, M.D. 611 Bloor-sti*eet West, Toronto, Gaimda. 
Mqspratt, Edward Knowles. Seaforth Hall, near Uverpool. * 



70 


LIST OF MEMBERS. 


Year ol » 

Election. 

1891. IMuybridge, Eadweard. University of Pennsylvania, Philadelphia, 
U.S.A. 

1890. *Mtres, John L., M.A., F.S.A. Christ Church, Oxford.* 


1886. JNagel, D. II., M.A. (Local Sec. 1894). Trmity College, Oxford. 

1892. *Nairn, Michael B. Kirkcaldy, N.B. 

1890. §Nalder, Francis Henry. .S4 (iuoen-street, E.C. 

1876. tNapior, James S. 9 Woodside-nlace, Glasgow. 

1872. JNares, Admiral Sir G. S., K.C.B., 1I.N., F.R.S., F.R.G.S. 
11 Cluremont-road, Surhitun. 

1887. JNason, Professor Henry B., Ph.I). Troy, New York, U.S.A. , 
1896. JNeal, James E., U.S. Consul. 26 Chapel-street, Liverpool. 

1887. §Neild, Charles. 10 Chajiei Walks, Manchester. 

1883. *Neild, Theodore, B.A. The Vista, Ijeoniinstor. 

1887. tNeill, Robert, jun. Beech jMoiint, Higher Broughton, Manchester. 
1855. JNeilsoii, AValter. 172 West George-street, Glasgow. 

1807. JNesbitt, Beattie S. A., M.D. 71 Grosvonor-street, Toronto, Canada. 

1868. JNevill, Rev. 11. R. The Close, Norwich. 

1898. §Nevill, Rev. J. II. N., M.A. The Vicarage, Stoke Gabriel, South 
Devon. 

1866. *Nevill, The Right Rev. Samuel Tarratt, D.D., F.L.S., Bishop of 

Dunedin, New Zefiland. 

1889. INevillb, F. H., M.A., F.R.S. Sidney College, Cambridge. 

1869. JNevius, John Birkbeck, M.D. 3 Aborcromby-square, Liverpool. 

1889. •Newall, H. Frank. Madinglej Rise, Cambridge. 

1901. §Newbigin, ^liss Marion J. Oreenhill House, Alnwick. 

1886. tNewbolt, F. G. Oakley Lodge, Wey bridge, Surrey. 

1901. §Newmaii, F. 11. Tullie House, Oariisle. - 

1889. §New8tead, A. H. L., B.A. 38 Green Street, Bethnal Green, N.E. 
1860. *Newtox, Alered, IM.A., F.R.S., F.L.S. (Pres. ,D,. 1887 ; Council 
1875-82). Profe.ss()r of Zoology and Comparative Anatomy in 
the University of Cambridge. Magdalene College, Cambridgo. 

1892. INewton, E. T., F.R.S., F.G.S. Geological Museum, .lermyn-street^ 

S.W. 

1867. JNicholl, Thomas. Dundee. 

1866. JNicnoLsoN, Sir CnARLijis, Bart., M.D., D.C.L., LL.D., F.G.S., 
F.R.G.S. (Pres. 12, 18(>6). The Grange, Totteridge, Herts. , •» 

1887. ^Nicholson, John Carr. Moorfield House, Ileadingley, Leeds. 

1884. {Nicholson, Josepii S., M.A., D.Sc. (Pres. F, 1893), Professor of 

Political Economy in the University of Edinburgh. Eden Lodge, 
Newhattle-terrace , Edinburgh. 

1883. {Nicholson, Richard, J.P. Whiulield, Hesketh Park, Southport. 

1887. {Nicholson, Robert II. Bourchier. 21 Albiou-street, Hull. 

1893. {Nickolls, John B., F.C.S. The Laboratory, Guernsey. 

1887 {Nickson, William. Shelton, Sibson-road, Sale, Manchester. 

1901. §Nicol, James, City Chamberlain. Glasgow. 

1885. {Nicol, W. W. J., D.Sc., F.R.S.E. 15 BlackeNplace, Edinburgh. 
3896. {Nisbet, J. Tawse. 175 Lodge-lane, Liverpool. 

1878. fNiVBir, Ohaei.es, M.A., F.li.S., F.B.A.S., Frofossor of Natural 
Philosophy in tho University of Aberdeen. G Cliauonry, Old 

, Aberdeen. 

1877. {Niven, Professor James, M.A. King’s College, Aberdeen. 
1874A{Nixon, Randal C. J., M.A. Royal Academical Institution, Belfast. * 
1863. J Noble, Sir Andrew, K.C.B., F.R.S., F.R.A.S., F.C.S. (Pres. G, 

/ 1890; Local Sec. 1863). Llswick Works, and Jesmond 

Dene House, Newcastle-upon-Tyne. 



LIST OF MEMBERS. 


71 


Year of 
Election. 

1879. JNoble, T. S. Lendal, York. 

1887. jNodal, John H. The Grange, Heaton Moor, near Stockport. 

1870. 1 Nolan, Josepfi, M.R.I.A. 14 Ilume-street. Dublin. 

1803. §NoRMiAN, Reir. ( ’anon Alfred Merle, M.A., D.C.L., LL.D., F.R.S., 

F.L.S. The Red House, Berkhamsted. 

1888. JNorman, George. 12 Brock-street, Batli. 

1865; jNoRRis, Ricu-Aip, M. D. 2 AVal sail-road, Birchfield, Birmingham. 
1872. JNorris, Thomas George. Oorpliwysfa, Jjlanrwst, North AVales. 

1883. *Norris, AVilliam G. Dale House, boalbrookdale, R.S.O., Shropshire. 
Norton, The Right Hon. Lord, K.C.AE.G. 35 Eaton-place, S.W. ; 
and Hamshall, Birmingham. 

1886. JNorton, Lady. .35 Eaton-place, S.W. ; and Hamshall, Birmingham. 

1804. 5 N 0 TCUTT, S. A., LL.M., B.A.,B-Sc. (Local Sec. 1895). 08 Anglesea 

Road, and Constitution HiU, Ipswich. 

Nowell, John. Farnley Wood, near Huddersfield. 

1896. JNugent, the Right Rev. Monsignor. IS Adelaido-terrace, Waterloo, 
Liveimool. 

1887. Perry Fairfax. 2 Trafalgar-huildwffHy KortJiumherland-- 
avenue, London, W.C, 


1808. *0’Brien, Neville Forth. Queen Anne’s-mansions, S.AV. 

1878. JO’Oonor Don, The. Oloiialis, Castlerea, Ireland. 

1883. tOdgers, William Blake, M.A., LL.D. 4 Elm-court, Temple, E.C. 

1868. *Odling, AVilliam, AI.B., F.R.S., V.P.C.S. (Pres. B, 1864 ; Coun- 

cil 1 866-70), AVaynfleto Professor of Chemistry iu the Univer- 
sity of Oxford. 16 Norham-gardens, Oxford. 

1884. JOdlum, Edward, M. A. Pembroke, Ontario, Canada. 

1867. fO’Donnavan, AVilliam John. 64 Kenilworth-square, Rathgar, 
Dublin. 

1804. $Og<leu, James. Kilner Deyne, Rochdale. 

1800. fOgden, Thomas. 4 Prince’s-avenue, Liverpool. 

1886. JOgil vie, ’Alexander, LL.D. Gordon's College, Aberdeen. 

1876. JOgilvie, Campbell P. Sizewell House, Leiston, Suffolk. 

1886. JOgilvie, F. Grant, M.A„ B.Sc., F.R.S.E. (Local Sec. 1892). 

ITeriot AVatt College, E^nburgh. 

1869, JOgilvy, Rev. C. AV. Norman. Baldan House, Dimdee, 

*Ogle, AVilUam, M.D., M.A. The Elms, Derby. 

1884. JOTIalloran, J. S., O.M.G. Royal ( Jolonial Institute, Northumber- 
land-nveiiue, W.C. 

1881. tOldfield, Josepli. Lendal, Y"ork. 

1887. % Oldham, Charles, liomiley, Cheshire, 

1800. :f Oldham, G. S. Town Hall, Birkenhead. 

1802. jOLDHA^r, II. A^ule, M.A., F.R.G.S., Lecturer iu Geography in the 

yniversity of Cambridge. King’s College, Cambridge. 

1853. JOldham, James, M.Inst.C.E. Cottingham, near Hull. 

1886. lOldham, John. River Plate Telegraph Company, Monte Video. 

1803. ^Oldham, R. 1)., F.G.S., Geological Survey of India. Oar© of Messrs. 

H. S. King & Co., Oornhill, E.C. 

1892. XOliphant, James. 60 Palnierston-place, Fdinhurgh. 

1863, iOLiVER,DANiBL,LL.D.,F.R.S., F.L.S., Emeritus Professor of Botany^ 
in University College, London. 10 Kew Gardens-rd&d, Kew, 
Surrey. 

1887. ^Oliver, F. W., D.Sc., F.L.S., Professor of Botany in University 

College, London. 2 The Vale, Chelsea, S.W. 

1883. §OUver, Samuel A. Bellingham House, Wigan, Lancashire./ 

1889. §01iver. Professor T., M.D. 7 Ellison-:place, Newcastle-upoif^yne.* 

\ 



72 


LIST OF MEMBERS. 


Year of 
Election. 

1882. §Ol8en^ O. T., F.L.S., F.R.G.S. 116 St. Andrew’s-terrace, Grimslty. 
1860. *Ommanney, Admiral Sir Erasmus, O.B., LL.B., F.R.S., F.R.A.S., 

F.R.G.S. (Pres. E, 1877; Council 1873-80, 1884-90). 
29 Connaiight-square, IIyd«' Park, W. ^ 

1880. •Omnianney, Rev. E, A. 8t. Michaers and All Angels, Icortsea, 

Hants. 

1872. JOnslow, D. Robert. New University Club, St. James’s, S.W. • * 
18^3. JOppert, Gustav, Professor of Sanskrit in the University of Berlin. 
1899. JOrling, Axel. Moorgate Station-chambers, E.C. 

1858, JOnnerod, T. T. Brighouse, near Halifax. 

1883. XOrperif Altss, 58 JStepheu's-jjrpetf^ Duhlin. 

1884. *Orpen, Lieut.-Colonel R. T., R.E. Monksgrange, Enniscortliy, Co. 

Wexford. 

1884. *Orpen, Rev. T. H., M.A. Binnbrooke, Cambridge. ^ 

1838. Orr, Alexander Smith. 57 Upper Sackville-street, Dublin. 

1901. §Orr, Alexander Stewart. Oart> of Maitland, Price Sc Co., 
INlazagou, Bombay, India. 

1890. JOsborn, Dr. F. A. The (iJhalet, Dover. 

1897. fOsborne, James IC. 40 St. Josepli-street, Toronto, Canada. 

1901. §Osborne, W. A., D.Sc. University College, W.C. 

1887. §0'Shea, L. T., B.Sc. University College, Sheffield. 

*OsLER, A. Folltjtt, F.R.S. South Bank, ICdgbaston, Birmingham. 
1897. JOsler, E. B., M.P. Rosedale, Toronto, Canada. 

I860. *Osler, Henry F. Coppy Hill, Xjinthurst, near Broinsgrove, 
Birmingham. 

1884. ]:OsL£R, Professor William, M.D., F.R.S. .Johns Hopkins University, 
Baltimore, U.S.A. 

1884. fO’Sullivan, James, F.C.S. 71 Spring Terrace-road, Burton-on« 
Trent. 

1882. •Oswald, T. R. Castle Hall, Milford Haven. 

1881. •Ottewell, Alfred D. 14 3Iill HiJl-road, Derby, 

1896. JOulton, W. Hillside, Gateacre, Liverpool. 

1882. jOwen, Rev. C. M., M.A. St. George’s, Edgbaston; Birmingham. 
1889. *Owen, Alderman II. C. Compton, Wolverhampton. 

1806. §Owen, Peter. The Elms, Capenhurst, Chester, and 2 Dale Street, 
Liverpool. 

1889. JPage, Dr. F. 1 Saville-place, Newcastle-upon-Tyne. 

1883. jPage, George W. Fakcnliam, Norfolk. ^ 

1883. JPage, Joseph Edward. 12 Saunders-street, Southport. 

1894. jPaget, Octavius. 158 Fenchurch-street, E.C. 

1898. jPaget, The Right Hon. Sir R. II., Bart. Oranmore Hall, Shepton 
Mallet. 

1884. JPaine, Cyrus F. Rochester, New York, U.S.A. 

1875. jPaine, William Henry, M.D. Stroud, Gloucestershire. 

1870. •Palgrave, Robert Harry Inglis, F.R.S., F.SiS. (PrdS. F, 1883). 
Belton, Great Yarmouth. 

1896, JPallis, Alexander. Tatoi, Aighurth-drive, Liverpool. 

1889. JPalmer, Sir Charles Mark, Bart., M.P. Grinklo Park, York- 
shire. 

1878. *Palmer, Joseph Edward. Rose Lawn, Bally brack, Co. Dublin. 

1866. §Paimer, William. Waverley House, Waverley-street, Nottingham. 
1872. •Palmer, W. R. 49 Tierney-road, Streatham Hill, S.W. 

1883. F. J, Van der. Clifton Lodtje^ Kingston-on-Thames, 

1886. tPahton, George A., F.R.S.E. 73 AYestfield-road, Edgbaaton, 
y Birmingham. 

1883, tP»’k, Henry. Wigan. 



LIST OF MEMBERS. 


73 


Year of 
Election. 

18^3. jPark, Mrs. Wigan. 

1880. *Parke, George Henry, F.L.S., F.G.S. St. John’s, Wakefield, 

Yorkshire. 

1808. ^Parker, G., M.D. 14 Pembroko-road, Clifton, Bristol. 

18(53. l^^^arker, Henry. Low Elswick, Newcastle-upon-Tyne. 

1886. t Parker, Lawley. Chad Lodge, Edgbaston, Birmingham. 

1899‘. JParker, Mark, *30 Upper Fanfr-road, Maidstone, 

1891. JParker, William Newton, Ph.D., F.Z.S., Professor of Biology in 
University College, Cardiff. 

1890. *Parkin, John. Blaithwaite, Carlisle. 

1879. •Parkin, William. The Mount, Sheffield. 

1887. {Parkinson, James. Greystones, Langho, Blackburn. 

^809. {Parkinson, Robert, Ph.Il. Yewbarrow House, Grange-over-Sands. 

1883. {Parson, T. Cooke, M.R.C.S. Atlierston House, Clifton, Bristol. 
1878. {Parsons, Hon. C. A., F.R.S., M.tn8t.O.E. Holeyn Hall, Wylam- 
on-Tyne. 

1898. •Partridge, Miss Josephine M. Girton College, Cambridge. 

1893. {Pass, Alfred C. Clifton Down, Bristol. 

1881. {Patchitt, Edward Cheshii*e. 128 Derby-road, Nottingham. 

1887. {Paterson, A. M., M.D., Professor of Anatom}^ in University College, 
Liverpool. 

1807, {Paterson, John A. 23 Walmer-road, Toronto, Canada. 

1896. {Paton, A. A. Greenbank-drive, Wavertree, Liverpool. 

1897. {Paton, D. Noiil, M.D. 33 George -square, Edinburgh. 

1883. •Paton, Rev. Henry, M.A. 120 Polwartli Terrace, Edinburgh. 

1884. *Paton, Hugh. Box 2400, Montreal, Canada. 

1871. *Fattevson^ A, Henry, 16 Ashburn-place^ S,W. 

1876. {Patterson, T. L. Maybank, Greenock. 

1874. {Patterson, W. H., M.R.I.A. 26 High-street, Belfast. 

18(33. {Patt|nson, John, F.O.S. 75 The Side, Newcnstle-u^on-Tyne. 

1870, •Patzer, F. R, Clayton Lodge, Newcastle, Stafibrdshire. 

1863. {Paw/, Benjamin IL, Ph,D, 1 Viet or ia-st reef, Westminster, S.TV. 

1883, {Haul, George. 10 St. Mary’s Avenue, Harrogate. 

1802. {Paul, J. B^four. 30 Heriot-row, Edinburgh. 

1863. {Pa vy, Frederick William, M.D., F.K,S. 35 Grosvenor-street, W. 
1887. *Paxman, James. Stisted Hall, near Braintree, Essex. 

1887. •Payne, Miss Edith Annie. Hatchlands, Cucktield, Hayward’s Heath. 
1881. {Payne, J. Buxton. 16 Mosley-street, Newcastle-upon-Tyne. 

1877. *Payne, J. O. Charles. 1 Botanic-avenue, The Plains, Belfast. 

18in. {Payne, Mrs. 1 Botanic-avenue, The Plains, Belfast. 

1866. {Payne, Joseph F., M.D. 78 Wimpole-street, W. 

1888. •Paynter, J. B. Ilendford Manor House, Yeovil. 

1886. {Payton, Henry. Wellington-road, Birmingham. 

1876. {Peace, G. II. Monton Grange, Eccles, near Manchester. 

1870. {Peace, .JVilliam K. Moor Lodge, Sheffield. 

1885. {Peach, B. N., r.R.S., F.R.S.E., F.G.S. Geological Survey Office, 

• Edinburgh. 

1875. {Peacock, Thomas Francis. 12 South-square, Gray’s Inn, W.C. 

1886. *Pearce, Mrs. Horace. Orsett House, Birmingham Road, Kidder- 

minf^ter. 

1884. {Pearce, William. Winnipeg, Canada. • • 

1886. {Pearsall, Howard D. 19 Willow-road, Hampstead, N.W. 

1883. {Pearson, Arthur A. Colonial Office, S.W. 

1891. {Pearson, B. Dowlais Hotel, Cardiff. 

\893. *Penrson, Charles E. Hillcrest, Lowdham, Nottinghamshire. ^ 

1898. §Pearsoii, George. Bank Chambers, Baldwin-street, Bristol. /. 
1883. {Pearson, Miss H^len E, Oakhurst, Birlidale, Southport, 



74 


LIST OF MEMBERS. 


Year of 

Election. ^ 

1881. jPearson, John. Glentworth House, The Mount, York. 

1888. {Pearson, Mrs. Glentworth House, The Mount, .York. 

1872. *Pearso7}y Joseph, Orove Farm, Merlin, Raleigh, Ontario, Canada, 

1802. {Pearson, J. ]M. .Tohn Uickie-street, Kilmarnoclc. • 

1881. {Pearson, llicliard. 67 Bootham, York. 

1889, {Pease, Howard. Enfield Lodge, Benwell, Newcastle-upon-Tyne. % 

1803. {Pease, Sir Joseph W., Bart., M.P. Hutton Rail, near Guisbordugh. 

Peckitt, Henry. Carlton Husthwaite, Thirsk, Yorkshire. 

1865. *Peckover, Alexander, LL.D., F.S.A., F.L.S., F.R.G.S. Bank 
House, AVisbech, Cambridgeshire. 

1888. {Peckover, Miss Alexandriua. Banlc House, AVisbech, Cambridge- 

shire. 

1886. {Peddie, AAllliam, D.Sc., F.li.S.E. 2 Canieron-park, Edinburgh. « 
1884. {Peebles, AV. E. 0 North Frederick-street, Dublin. 

1878. *Peek, AVilliam. The Manor House, Kemp Town, Brighton. 

1901. *Peel, Hon. AA^'llliara, M.P. 13 Kings Bench AValk, Temple, E.C. 
1881. {Peggs, J. \\’’allace. 21 Queen Anne’s-gate, S.AV. 

1878. {Pemberton, Charles Seaton. 44 Lincoln's Inn-fields, AV.C. 

1887. §Pbndlbbury, AVilliam H., M.A., F.O.S. (Local Sec. 1899). 

6 Gladstoiie-terrace, Priory Hill, Dover. 

1894. §Pengelly, Miss. Lamoriia, Torquay. 

1894. §Pengelly, Miss Hester. Lamorna, Torn^uay. 

1897. {Penhallow, Professor B. P,, M.A. McGill University, Montreal, 

Canada. 

1896. {Pennant, P. P. Nantlys, St. Asaph. 

1808. {Pentecost, Harold, B.A. Clifton College, Bristol, 

1876. {Perceval, Rev. Canon John, M.A., LL.I). Rugby. 

1889. {Percival, Archibald Stanley, M.A., M.B. 16 Ellison-place, New- 

castle-upon-Tyne. 

1898. {Percival, Francis AA^, M.A., F.R.G.S. 2 South wick-pl^ce, AV. 

1896. {Percival, John, M.A., Professor of Botany in the South-Eastern 

Agricultural College, Wye, Kent. , . 

•Perigal, Frederick. Lower Kingswood, Roigate, 

1894. {Perkin, A. G., F.R.S.E,, F.C.S., F.I.C. 8 Montpelier-terrace, 
Hyde Park, Leeds. 

1868. *Perkin, AVilliam Henry, Ph.D., LL.D., F.R.S., V.P.C.S. 

(Pres. B, 1870; Council 1880-86). The Chestnuts, Sudbury, 
Harrow, Middlesex. 

1884. {Perkin, William Henry, jun., LL.D., Ph.D., F.R.S., F.R.S.K. 

(Pres. B, 1900 ; Council 1901- ). Professor of Organic Chemistry 
in the Owens College, Manchester. Fairview, AVilbrahara-road, 
Fallowfield, Manchester. 

1864. *Perkins, V. R. AVott on-under- Edge, Gloucestershire. 

1898. *Perman, E. P. University College, Cardiff. 

1886. {Perrin, Aliss Emily. 31 St John’s Wood Park, N.AV.« 

1880. {Perrin, Henry S. 31 St. John’s AVoodPark, N.AV. 

1886. {Perrin, Mrs. 31 St. John’s AVood Park, N.W. 

1874. *Perry, John, M.E., B.Sc., F.R.S. ((Council 1901- ). Professor 
of Mechanics and Mathematics in the Royal College of 
, Science, S. W. 

1883. {Perry, Ottley L., F.R.G.S. Bolton-le-Moors, Lancasliire. 

1883. {Perry, Russell R. 34 Duke-sti’eot, Brighton. 

1900. |Petavel, J. E. The Owens College, Manchester. 

1897. {Peters, Dr. George A. 171 College-street, Toronto, Canada. 

1898. v{Pethick, AVilliam. Woodside, Stoke Bishop, Bristol. 
'1901.-]SPothybridge, G. H. Museum of Scie'nce and Art, Dublin. 

1883. {Petrie, Miss Isabella; Stone Hill, Rochdale. 



LIST OF MEIVIBERS. 


75 


reaftof 

Election. 

1896. JPetrib, W. jVI. Flinders, D.C.L. (Pros. IJ, 1896), Professor of 
Egyptology in University College, W.C. 

1871. *PevtoM, John E. 11., F.II.A.S., F.G.S. l.'i Fourth-avenue, Hove, 

• Brighton. 

188p. JPlielps, Major-General A. 23 Augustus-road, Edghaston, Bir- 
* mingham. » 

1863. *Phen£, John Samuel, LL.D.,F.S.A.,F.G.S., F.R.G.S. 6 Oarlton- 
terrace, Oakley-street, S.W. 

1896. JPhilip, George, jun. Weldon, Bidston, Cheshire. 

1892. JPhilip, R. W., M.ll. 4 Melville-crescent, Edinburgh. 

1870. ^Philip, T. D. 61 South Oastlo-street, Liverpool. 

1^63. * Philips, Rev. Edward. ITollington, Uttoxeter, Staffordshire. 

1 863. •Philips, Herbert. The Oak House, Macclesfield. 

1877. §Philips, T. Wishart. Elizabeth Lodge, George-lane, Woodford, 
Essex. 

1863. fPhilipson, Sir G. II. 7 Eldon-square, Newcastle-upon-Tyne. 

1883. JPhillips, Arthur G. 20 Canning-street, Liverpool. 

1899. {Phillips, Charles E. S. Castle House, Shooter’s Hill, Kent. 

1894. § Phillips, Stafr-Commander E. C. D., R.N., F.R.G.S. 14 Hargreaves- 
buildnigs. Chapel-street, Liverpool. 

1887. {Phillipsi H. llarcoiirt, F.C.S. 183 31oss-lane East, Manchester. 
1890, §Phillips, 11. W., M.A., J).Sc., Professor of Biology in University 

College, Bangor. 

1883. {Phillips, S. Rees. Wonford House, Exeter. 

1881. {Phillips, William. 9 Bootliam-terrace, York. 

1898. {Philps, Captain Lambe. 7 Royal-termce, Weston-super-Mare. 

1884. •Pickard, Rev. H. Adair, M.A. Airedale, Oxford. 

1883, ‘Pickard, Joseph William. Oatlands, Lancaster. 

1901. §Pickprd, Robert IT., D.Sc. Tsca, Merlin Road, Blackburn. 

1894. {Pjckard-Oamukidge, Rev. O., M.A., F.R.S. Bloxworth Rectory, 
Wareham. 

1886. *Pickeking’, Spencer P. U., M.A., F.R.S. Harpenden, Herts. 

1884. ‘Pickett, Thomas E., M.D. Maysville, Mason Co., Kentucky, U.S.A. 

1888. ‘Pidgeon, W. R. 42 Porchoster-square, W. 

1871. {Pigot, Thomas F.,]M.R.I.A. Royal College of Science, Dublin, 
1884. {Pike, L. G., M.A., F.Z.S. IS.Kings Bench-walk, Temple, E.O. 
1865. {Pike, L. Owen, 4a Marlborough-gaLe, Hyde Park, W. 

1873. {Pike, AV. II., M.A., Ph.l). Toronto, Canada. 

1696. ‘Pilkington, A. C. The Hazels, Prescot, Lancashire. 

1896. ‘Puling, AVilliam. Rosario, ITeene-road, AVest Worthing. 

1877, {Pirn, Joseph T. Greenbank, Moukstown, Co. Dublin. 

1868. {Pinder, T. R. St. Andrew’s, Norwich. 

1876. {PiRiE, Rev. G., M.A. (Local Sec. 1886), Professor of Mathematics 
i^ the University of Aberdeen. 83 College Bounds, Old Aberdeen. 

1887. {Pitkin, James, 60 Red Lion-street, Clerkenwell, E.O. 

1876. {Pitman, John. Redcliif Hill, Bristol. 

1883. {Pitt, George Newton, M.A., M.D. 24 St. Thomas-streot, Borough, 
S.E. 

1864. '\ Pitt f It. 5 WidcomMerraco, Bath, 

1883. {Pitt, Sydney. 1 6 St. Andrew s-street, Ilolbom-circus, E.Qj 

1893. ‘Pitt, AV alter, ]Vr.Inst.O.E. South Stoke House, near Bath. 

1900. ‘Platts, Walter. Fairmoimt, Bingley. 

1884. ‘Playfair, AV. S., M.D., LL.D., ' Professor of Midwifery in King’s 

t College, London. 38 Grosvenor-street, AV. 

1898, {Playne, II. 0. 28 Oollege-road, Clifton, Bristol. / 

1893. {Plowright, Henry J. Brampton Foundries, Chesterfield. • 

1807. {Plummer, J. H. Bank of Commerce, Toronto, Canada. ^ 



76 


LIST OF MEMBERS. 


Year of . 

Blection. 

1808. §Pliimmor, W. E., M.A., F.R.A.S. TIip Observatory, Bidston, 
Birkeahead. 

1899. JPlumptre, Fitz waiter. Goodnestone, Dover. 

1857. JPlunkett, Thomas. Ballybrophy House, Borris-in-Ossory, V^ueen's 
Co., Ireland. « 

1900. *Pocklington, H. Cabourn. 41 Virginia Road, Leeds. 

1881. §Pocklington, Henry. 20 Park-row, Leeds. 

1888. jPocock, Rev. Francis. 4 Brunswick-place, Bath. 

1890. JPollard, James. High Down, Hiichiu, Herts. 

1898. t Pollen, Rev. G. 0. II., F.G.S. Ancienne Abbaye, Tronchiennes, 
Ghent, Belgium. 

1898. *Pollex, Albert. Tenb}* House, Egerton Park, Rock Ferry. • 

1862. *Polwhele, Thomas Roxburgh, M.A., F.G.S. Polwhele, Truro, 
Cornwall. 

1891. JPomeroy, Captain Ralph. 201 Newport-road, Cardiff. 

1900. §PoPE, W. J. 48 Cawdor Road, Fallowfield, Manchester. 

1892. JPopplewell, W. C., M.Sc., Assoc.M.Inst.C.E. The Yew, Marple, 

near Stockport. 

1868. JPoRTAL, Sir S., Bart. Malsh.'inger, Bas^gstoke. 

1901. § Porter, Alfred W. 81 Parliament Hill Mansions, Lissenden 

Gardens, N.W. 

18S.3. *Porter, Rev. C. T., LL.D., 1).1>, All Saints’ Vicamge, Southport. 
1883. J Postgate, Professor J. P., M..\. University College, Gower Street, 
W.O. 

1887. ^Potter, Edmund P. Hollinhurst, Bolton. 

1883. JPotter, M. C., M.A., F.L.S., Professor of Botany in the College of 
Science, Newcastle-upon-Tyne. 14 Highbury, Newcastle-upon- 
Tyne. 

1886. ♦PouLTOX, Edward B., M.A., F.R.S., F.L.S., F.G.S., F.Z.^S. (Pres. D, 

1806 ; Council 1805-1901). Professor of Zoology in the Univer- 
sity of Oxford. Wykeham House, Banbury-road, Oxford. 

1898. *Poulton, Edward Palmer. Wykeham House, Banbury-road, Oxford. 
1873. *Powell, Sir Francis S., Bart., M.P., F.R.Q.S. Horton Old Hall, 
Yorkshire ; and 1 Camhridge-square, W. 

1887. *Powoll, Horatio Gibbs. Wood Villa, Tettenhall Wood, Wolver- 

hampton. 

1883. JPowell, .John. Brynmill-crescent, Swansea. 

1894. *Powell, Sir Richard Douglas, Bart., M.D. 62 Wimpole Street.* 
Cavendish Square, W. 

1876. JPowell, William Augustus Frederick. Norland House, Clifton, 
Bristol. 

1887. §Pownall, George H. Manchester and Salford Bank, St. Ann-street, 

Manchester. 

1867. fPowrie, James. Reswallie, Forfar. , 

1883. JPoYNTiNG, J. H., D.Sc., F.R.S. (Pres. A, 1899). Professor of 

Physics in the University, Birmingham. 

1884, *Prankerd, A. A., D.C.L. 66 Banbury-road, Oxford. 

1869. *Pjeieece, Sir William Henry, K.O.B., F.R.S., M.In8t.C.E. (Pres.G, 

1888 ; Council 1888-95, 1890- ). Gothic Lodge, Wimbledon 

^ ^Common, Surrey; and 13 Queen Anne’s Gate, S.VV. 

1888. *Preece, W. Llewellyn. Bryn Helen, Woodborough Road, Putney, 

S.W. 

1892. S Prentice, Thomas. Willow Park, Greenock. 

1889. §Preston, Alfred Eley, M.Inst.C.E., F.G.S. 14 The Exchange, Brad- 

\ ford, Yorkshire. 

1894. JPreston, Arthur E. Piccadilly, Abingdon, Berkshire. 

1893. *Prestoji, Martin Inett. 48 Ropowalk, Nottinghanif 



Vfior of 
Kloction. 

188^. *Prevost, Major L. do T., 2nd Battalion Argpyll and Sutherland 
Highlanders. 

Price, J. T. JSfeatli Ahhey, Glamorganshire. 

1888. JPbice, L. L. F. II., M.A., F.S.S. (Pres. F, 1805; Council, 1893- ). 

Omel College, Oxford. 

1875. *1 rice, Rees. 163 Batli-street, Glasgow. 

]89<* . tPrice, William. 40 Park-place, Cardiff. 

1897. * Price, W. A., MfA. The Mill House, Broomfield, Chelmsford. 

1897. JPrimrose, Dr. Alexander. 100 Simcoe-street, Toronto, Canada. 

1892. t Prince, Professor Edward E., B.A. Ottawa, Canada. 

1804. *Prior, R. C. A., M.D. 48 York-terrace, Regent’s Park, N.W. 

1889. *Pritchard, Eric Law, M.D., M.R.C.S. 70 Fairhazel Gardens, Soatli 

Hampstead, N.W. 

l^yO. *Pritchard, Ueban, M.D., F.R.C.S. 26 Wimpole-street, W. 

1888. tProbyii, I^slie 0. Onslow-square, S.W. 

1881. §Procter, John William. Ashcroft, York. 

1863. jProctor, R. S. Grey-street, Newcastle-upon-Tyne. 

Proctor, William. Elmhurst, Higher Erith-ro^, Torquay. 

1884. *Proudfoot, Alexander, M.l). 100 State Street, Chicago, J.S.A. 

1879. *Proiise, Oswald Milton, F.Q.S. Alvington, Ilfracombe. 

1872. *Pryor, M. Jlobert. Weston Park, Stevenage, Herts. 

1871. *Piickle, Rev. T. J. Chestnut House, Huntingdon-road, Cambridge. 

1873. JPuUan, Lawrence. Bridge of Allan, N.B. 

1867. *Pullar, Sir Robert, F.R.S.E. Tayside, Perth. 

1883, *Piillar, Rufus D., F.C.S. Bralmn, Perth. 

1891. 1. Pullen, W. W. F. University College, Cardiff. 

1842. *Puiiiphrey, Charles. Castlewood, Park-road, Moseley, Birmingham. 
1887. §PuMPHRKy, Winti-Vii (Local Sec. 1888). 2 Oakfand-road, Red- 

land, Bristol. 

1885. Thomas, B.Sc«, Ph.D., F.R.S., Professor of Chemistry in the 
Upiversity of St. Andrews. 14 South-street, St. Andrews, N.B. 

1862. IPurdoii, Thomas Henry, M.D. IMfast. 

1881. JPurey-Ciist, Very Rev. Arthur Percival, M. A., Dean of York. The 
Deanery, York. 

1874. JPuRSEB, FuimERiCK, ]\r.A. Rathmiiics, Dublin. 

1866. j: P urser, Professor John, M.A., M.R.I.A. Queen’s College, Belfast. 

1878. t Purser, John Mallet. 3 Wiltou-terrace, Dublin. 

1884. *Purves, W. Laidlaw. 20 Strntford-place, Oxford-street, W. 

1860. *Piisey, S. E. B. Bouverio. Pusey House, Faringdon. 

1898. *Pye, Miss E. St. Marys Hall, Roclicstor. 

1883. §Pye-Smith, Arnold. Wille'-h\y, Park 11 HI Pise, Croydon. 

1883. §Pye-Smith, Mrs. l^:rk Hill IPs**, Oro 3 "doii. 

1868. tPYE-SMiTii. P. Tl., r r:.s. is Ih-O »k-siireet, W. ; and Guy’s 

llospitai, S IC. 

1879. tPye-Siiiith, R. J, 350 Glossop-road, Sheflield, 


1893. JQuick, James. University College, Bristol. 

1894. f Quick, Professor W. J. Universit}" of Missouri, Columbia; U.S.A, 


1870. JRabbits, W. T. 6 Cadogan-gardens, S.W. 

1870. JRadcliffe, D. R. Phoenix Safe Works, Windsor, Liverpool. 

1896. §Radcliffe, .Herbert. Balderstone Hall, Rochdale. , 

1855. ^Radstock, The Right Hon. Lord. Mayfield, Woolston, Southamptona 
1887. *Ragdale, John Rowland. The Beeches, Strand, near Manchest^\ 
1864. tB&ey, James T. 3 KeHt-gar^deas, Ealing, W, 



78 


JLiST VS* 


Ycnr of 
fllection. 

1898. ’'Raisin, IMiss Catheriiio A., D.Sc. Bedford College, York-pjiace, 
Bakov-strect, W. 

189G. *liAMAGB, II.T70H. St. JoLii’s College, Cambridge. 

1894. *Rambaut, Abthitk A., M.A., D.Sc., F.R.S., F.R. A.S., M.R.I.A. 

Radcliffe Observatory, Oxford. 

1S63. tR^^MSAY, Alexander. 2 Cowper-road, Acton, Middlesex*/ W. 

1884, ^.Ramsay, George G., LL.1>., Professor of Humanity in the University 
of Glasgow. 6 The College, Glasgow. • 

1884. J Ramsay, Mrs. G. G. 0 The College, Glasgow. 

1861. fRamsny, John. Kildallon, Argyllshire. 

1885. j:Ramsay, Major. Straloch, N.li. 

1889. f Ramsay, Major R. G. W. Bonnyrigg, Edinburgh. 

1876. ♦Ramsay, AVilltam, Ph.l)., F.R.fS. (Pres. B, 1897; Council 
1891-98), 1‘rofessor of Chemistry in University College, 
London. 12 Arundel-gardeiis, AV. 

1883. jRamsay, Mrs. 12 Armidel-gai-dens, AV^. 

1869. *Rance,"lI. AA\ ironniker, LL.D. 10 Castle town-road, AVest Ken- 

sington, AA^. 

1001, §Rankin, .James, M.A., B.8c. The University, Glasgow, 

1868. Ransom, Edwin, F.R.G.S. 24 Ashburnham-road, l^dford. 

1893. j: Ransom, AV’’. B., M.B. The Pavement, Nottingham. 

1863. JRansom, AA'^illiam Henry, M.D., F.R.S. The Pavement, Nottingham. 
1861. JRansome, Arthur, M.A., M.l)., F.R.S. (Local Sec. 1861). 

Sunnyhurst, Deane Park, Bournemouth. 

Ransonie, Thomas. Host Bank, near Lancaster, 

1889. §Rapkin, J. B. Sidcup, Kent. 

Rashloigh, Jonathan. 3 Ciuuberland-terract', Regent’s Park, N.AV. 

1864, tKate, Rev. John, M.A. Fairlield, ICast Twickenham. 

1892. 'llathbone, Miss Alay. Backwood, Neston, Cheshire, 

1895. fRATimoNE, W., IjL. 1). Gn?en Banin Liverpool. 

1874. JRavenstein, E. G., F.R.G.S., F.S.S. (Pres. E, 1801). 2 York- 

mansions, Battersea Park, 8,W. 

1889. JRawliiigs, Edward. Richmond Ilonso, AA’imblejLou Common, Surrey. 

1870. JIhiwlins, G. W. The IIo]lie.s, Rainliill, LiA erpool. 

1866. ♦Rawlinson, Rev. Canon George, M.A. The Oaks, Precincts, 
Canterbury. 

1887. JRawsOu, Harry. Earlswood, Ellesmere Park, Eccles, Manchester. 

1886. JRawson, AV, Stepney, M.A. 68 Corn wall-gardens, Queeii’s-gate, 

S.W. 

1868. *RAYLBion, The Right’ Hon. Lord, M.A., D.C.L., LL.I)., F.R.S., 
F.R.A.S., F.R.G.S. (President, 1884 ; Trustee, 1883- ; l*ros. 
A, Council, 1878 83), Professor of Natural Philosophy 

in the Royal Institution. Terling Place, AVithani, Essex. 

1805. JRaynbird, Hugh, juii. Garrison Gateway Cottage, Old Basing, 

Basingstoke. 

1883. *Rayne, Charles A., AI.l)., M.R.O.S. St. Mary’s Gate, Lancaster. 
1897. *Rayner, Edwin Ilartree. Teviot Dale, Stockport. 

1806. *Ri:AD, CharTjES II.,F.S.A. (Pres. H, 1899). British IMuseum, W.O. 
1870. tREADB, Thomas Mellard, F.G.S. Blundellsands, Liverpool. 

1884. § Roadman, .7. B., D.Sc., F.R.S. IG. 4 Lindsay-place, Edinburgh. 
1899. tReaster, James William. 68 Linden-grove, Nunhead, S.E, 

1852.* ''Redfern, Professor Peter, M.D. (Pres. D, 1874 ; Vice-Presi- 
dent, 1002). 4 Lower-crescent, Belfast. 

189i.^ {Redgrave, Gilbert R., Assoc.Inst.C.E. The Elms, Westgate-road, 
Beckenham, Kent. 

1889. {Redmayne, J M. Harewood, Gateshead. «> 

' 188&. JRedmayne, Norman. 26 Grey-street, Newcastle^-upon-l^ne. . 



Yoar of 
IvltKJtiOll. 

1890. ♦Redwood, Boverton, F.R.H.E., F.C.S. Glen Watlien, Church 

End, Fincdiley, N. 

1861. {Reet), Sir Fdavakd James, F.R.S. Jlroadway-cliambers, 

Westminster, S.W. 

]889. tlleed, Rev. Georg-e. Bellingham Vicarage, Bardon Mill, Carlisle. 
IjSOl. ’•Reed, Thomas A. Bute Docks, Cardiff’. 

1894 ^. ♦Rees, Fjdmiind,S. G. Dunscar, Oaken, near Wolverhampton. 

1891. ♦Rees, I. Treharno, M.Tnst.C.E. ilighfield, Penarth. 

1888. JRees, W. L. 11 North-crescent, Bedford-square, W.C. 

1 876. jRees-Mogg, W. Wooldridge. Cholwell House, near Bristol. 

J807. tReeve, Ricliard A. 22 Shiiter-street, Toronto, Canada. 

1001. ’•Reid, Andrew T. 10 Woodside Terrace, Glasgow. 

^ 1881. §Reid, Arthur S., M.A., F.G.S. Trinity College, Glenalmond, N.B. 
1883. ‘Khid, OiEMEST, F.II.S., F.L.S., F.G.S. 28 Jermyn-street, S.W. 

1892. {Reid, E. AVaymouth, B.A., F.R.S., Professor of Physiology in 

University College, Dundee. 

1889. JReid, G., Belgian Consul. lioazes House, Newcastle-upon-Tyne. 
lfK)l. *11616, Hugh. Belmont, Springhurn, Glasgow. 

1876. jReid, James. 10 Woodside-terrace, Glasgow. 

1901. §Reid, John. 7 Park Terrace, Glasgow. 

1897. §Reid, T. Whitehead, M.D. St. George’s House, Canterbury. 

1892. JReid, Thomas. University College, Dundee. 

1887. *Reid, AValter Francis. Fieldside, Addlestone, Surrey. 

1898. JReinach, Baron Albert von. Frankfort s. M., Prussia. 

1875. §Reinold, A. W., jM.A., F.R.S. (Council 1890-95), Professor of 
Physics in the Royal Naval College, Greenwich, S.hl. 

1803, JRenals, hi, ‘ Nottingham FiXpress* Office, Nottingham. 

1894. JReniull, Rev, G, 1 1., M.A. Charterhouse, Godaiming. 

1891. ♦Rendell, Rev. James Robson, B.A. Whinside, Whalley-road, 
Accrington. * 

1885. JRennett, Dr. 12 Golden-square, Aberdeen. 

1889. ♦Rennie, George B. 20 Lowndes-street, S.W, 

1867. JReuny', AV. AV. 8 Douglas-terrace, Broiighty Ferry, Dundee. 

1883. *Reynold8, A. PI. Bank House, 135 Lord-street, Southport. 

1871. JReynolds, James P^MERsoif, M.D., D.Sc., P\R.S., Pres.O.S., M.R.I.A. 

(Pres. B, 1893; Council 1893-99), Professor of Chemistry in the 
University of Dublin. The Laboratory, Trinity College, Dublin. 
1900. ♦Reynolds, Aliss K, jM. 4 Colinette Road, Putney, S.W. 

. 1870. ♦Reynolds, Osboune, M.A., LL.-D., F.II.S., M.lust.C.E. (Pres, G, 
1887), Professor of Engineering in the Owens College, Man- 
chester. 19 Lady Barn-road, Fallowfield, Alanchester. 

1806. JRoynolds, Ricliard S. 73 Smithdown-lane, Liverpool. 

1896. §Rhodes, Albert. Fieldhurst, Liversidgo, V’orkshire. 

1877. ♦Rhodes, John, 360 Blackburii-road, Accrington, Lancashire. 

1888. John Georffe, JVarwick House, 46 St, George s^road, 
’^ S, W, 

1890. {Rhodes, J. M., M.D. Ivy Lodge, Didsbury. 

1884. {Rhodes, Lieut. -Colonel William. Quebec, Canada. 

1899. *RHy8, Professor John, M.A. (Pres. H, 1900). Jesus College, Oxford. 
1877. *Riccardi, Dr. Paul, Secretary of the Society of Naturalists. Riva 

]\Iuro, 14, Modena, Italy. 

1891. {Richards, D. 1 St. Andrew’s-cvescent, Cardiff. 

1891, {Richards, H. M. 1 St. Andrew’s-crescent, Cardiff. 

1889. {Richards, Professor T. AV., Ph.D. Cambridge, MasBachusett*^. 

U.S.A. 

1888. *RiciiARDS 0 N, Aethue, M.D. 

1869. *Richardsoii, Charles. 6 The Avenue, Bedford Park, OhfeWick; 



80 


LIST OF MEjVIBEUS, 


Year of 
Election. 

1S82. t Richardson, llev. George, M.A. Wtilcoto, Winchester. * 

1884. * Richardson, George Straker. Isthmian Club, Piccadilly, W. 

1889. t^Rkshardsou, Hugh, M.A. Bootham Scliool, York. 

1884. •Richai-dson, J. (Clarke. Derweii Fawr, Swansea. * • 

1896. *Richardson, Nelson Moore, B.A., F.E.S. Montevideo, Chitkerell, 
near Weymoutli. ^ 

1901. *Richardson, Owen AVillan. Victoria Orescent, Dewsbury. 

1870. ^Richardson, Ralph, F.R.S.E. 10 Mogdala-place, Edinburgh. 

1889. JRichardson, Thomas, J.P. 7 Windsor-terrace, Newcastle-upon-Tyne. 
1876. JRichardson, William Iladeii. City Glass Works, Glasgow. 

1891. J Riches, (varlton II. 21 Dumfries-place, Cardiff. 

1891. § Riches, T. Harry. 8 Park-grove, (IJardiff. 

1886. JRiclimond, Robert. Il-athwood, Leighton Buzzard. 

1868. tRiCKETTS,CnAHLES, M.1).,F.G.S. 19 Hamilton-sqiiare, Birkenhead. 
^Riddell, Major-General OnARLBS J. BccnANAif, U.B., R.A., F.R.S. 
Oakhinds, Chxidleigh, Devon. 

1883. •Rideal, Samuel, D.Sc., F.C.S. 28 Victoria-street, S.W. 

1894. JRidley, 10. P. (Local Sec. 1895). Biirwood, Westortield Road, 
Ipswich. 

1861. JRidley, John. 10 Belsize-park, Hampstead, N.W. 

1884. JRidout, Thomas. Ottawa, Canada. 

1881. *Rigg, Arthur. 15 Westboiirne Park Villas, W. 

1883. *Rigg, Edwaed, M.A. Royal Mint, E. 

1892. {Rintoul, D., M.A. Clifton College, Bristol. 

1873. jRipley, Sir Edward, Bart. Acacia, Apperley, near Leeds. 

The ^lost lion, the Marquess of, K.G., G.C.S.I., C.I.E,, 
D.C.L., F.R.S., F.L.S., F.R.G.B. 0 Chelsea Embankment, S.W. 
1802. tllitchie, R. Peel, M.D., F.R.S.h]. 1 Melville-crescent, Edinburgh. 

1867. William, Eimlea^ Dundee, 

1889. fRitson, IT. A. 1 Jesraond-gardens, Newcastle-upon-Tyne. 

1900. JRixon, F. A\^, B.Sc. 79 Green Lane, Hoy wood, Lancashire. 

1898. jRohb, Alfred A. Lisnabreeny House, Belfast. 

1809. *RonBrNs, Joiix, F.C.S. 57 ll’aiTingtou-cresceut, IViaida Vale, 
TiOndon, W. 

1887. •Roberts, Evan. 30 St, George s-.square, Regent’s Park, N.W. 

18o9. t Roberts, George Christopher. Hull. 

1^70. •Robkkts, Isaac, D.8c,, F.U.S., F.U.A.S., F.G.S. Stai-field, Crow- 
borongh, Sussex. 

1894. * Roberts. Mi.ss .lanora. 14 Alexandra Road, Southport. o 

18'^ I. t Roberts, R. D., M.A., D.Sc., F.G.S. 4 Regent Street, Cambridge. " 
1879. JRobert'^, Samuel. ^ The Toxvers, Shelfiold. 

1879. j Roberts, Samuel, juii. The Towers, Shellield. 

1806. § Roberts, Thoinas .1. 33 Seri)entine-roacl, Egremont, Che.snirc. 

1868. *RoBERTs-Aus'rEX, SirW. Chandler, K.C.B.,D.C.L.,F.R.8.,V.1'.(J.S., 

Chemist to the Royal Mint, and Professor of Motalhirgy in the 
Roval College of Science, I^ondon (General Secretary, 
1897- ; Pres. B, 1891 ; Council 1886-93). Royal Mint, E. 

1883. JRohertson, Alexander. Montreal, Canada. 

1884. JRobertson, E. Stanley, M.A. 43 Waterloo-road, Dublin. 

1883. {Robertson, George II. Plas Newydd, Llan^llen. 

1883. {Robertson, ^Irs. George H. Plas Newydd, Llangollen. 

1897. JRobertson, Sir George S., K.C.S.I. (Pres. E, 1900). 1 Pump 
Court, Tem})le, E.C. 

1897. JRobertson, Professor J. W. Department of Agriculture, Ottawa, 
Canada. 

1901. *Bpbert8on, Robert, B.Sc., M.Inst.D.E. , 154 Wtest Ge'oYge Street, 
Glasgow. 



Lt i»5 i ur iuilf jiuj[:!iito , 




Year oI 
Eletftiou. 

1892. W, 3 Parliament-square, Edinburgh. 

1880. •Robinson, 0. R. 27 Elvetbam-road, Birmingham. 

1898. SRobinson, Charles E., M.lnst.C.E. Selborne, Ashburton, South 
B^von. 

1861. jilobinson, Enoch. DiikinOeld, Ashton-under-Lyne. 

189f . IRobinson, Haynes. St. Giles’s Plain, Norwich. 

1887. 5 Robinson, Henry, •M.lnst.C.E. 13 Victoria-street, S.W. 

11X)1. §Robinson, John, M.Inst.C.E. 8 Vicarage-terrace, Kendal. 

1803. .1. H. 6 Montallo-terrace, Barnard Castle. 

1878. f Robinson, John L. 198 Great Brunswick-street, Dublin. 

1895. •Robinson, Joseph Johnson. 8 Trafalgar-road, Birkdalc, South- 

port. 

1 870. JRobinson, IVI. E. , G Park-circus, Glasgow. 

189J). ^Robinson, Mark, 3I.Inst.C.E. Overslade, Biltou, near Rugby. 

1 887. :]:Robin8on, Richard. Belltield Mill, Rochdale. 

1881. f Robinson, Richard Atkinson. 196 Brompton-road, S.W. 

1875. •Robinson, Robert, M.lnst.C.E. Beechwood, Darlington. 

1884. it^Robinson, Stillman. Columbus, Ohio, U.S.A. 

1901. §Robinson, T, Eaton. 33 Cecil Street West, Glasgow. 

1803. JRobinson, T. W. U. Iloughton-le-Spring, Durham. 

1891. jRohinaon, William, Assoc.M.Inst.C.K,, Professor of Engineering in 
University College, Nottingham. 

1888. tRobottom, Arthur. 3 St. Allmn’s- villas, Ilighgate-road, N.W. 

1870. •Robson, E. R. Palace Chambers, 9 Bridge-street, Westminster, 

S.W. 

1872. •Robson, William. 5 Gillslaiid-road, Merebiston, Edinbitigb. 

1890. JRochester, The Right Rev. E. S. Talbot, D.D., Lord Bishop of, 
Kennington Park, S.E. 

1896. }Rock, W. IL 73 Park-road East, Birkenhead. 

1890. t Rodger, Alexander IM. The Museum, Tay Street, Perth. 

1885. •Rodger, Edward. 1 Olairmont-gardens, Glasgow. 

1885. *Rodrigue3?, Epifanio. New Adelphi Chambers, 6 Robert Street, 
Adelphi, W.O. 

1866. l;Roe, Sir Thomas. Grove-villas, Lltchurch. 

1898. JRogebs, BEBTRor, M.D. (Local Sec. 1898.)’ 11 York-place, Clifton, 
Bristol. 

1867. James S. Rosemill, by Dundee. 

1800. *Rogers, L. J., M.A,, Professor of Mathematics in Yorkshire College, 
\ Leeds. 13 Beech Grovc-terrace, Leeds. 

1883. t Rogers, Major R. AJima House, Cheltenham. 

1882. § Rogers, Rev. Canon Saltren, M. A. Tresleigu, St. Austell, Cornwall. 

1884. *Rogers, AValter. Hill House, St. Leonards. 

1880. tRogersoii, John. Croxdale Hall, Durham. 

1897. jRogerson, John. Barrie, Ontario, Canada. 

1876. IRollo, Sir A. K., M.P., B.A., LL.D., D.C.L., E.R.A.S., Hon. 

Fellow K.CX. Thwaite House, Cottingham, East Yorkshire. 

1891. j:Ronnfeldt, W. 43 Park-place, OardilF. 

1894. •Rooper, T. Godolphin. 12 Oumberland-place, Southampton. 

1881. *Roper, W. O. ifenk-biiildiugs, Lancaster. 

1855. *Roscoe, Sir Hebby Enfield, B.A,, Ph.D., LL.D., D.C.L., F.R.S. 

(Presid&Nt, 1887; Pres. B, 1870, 1884; Council 1874-81 j 
Local Sec. 1861). 10 Bramham-gai-dens, S.W. 

1883. *Ro8e, J. Holland, M. A. 11 Endlesham-road, Balham, S.W. , 

1804. •Rose, T. K., D.Sc. 9 Royal Mint, E. 

2^*900. §Rosenhain, Walter, B.A. 185 Monument Road, Edgbaston, Bir- 
nungham. * s • 

1885. tRoss, Alexander. Biverfield, Inverness. • 

1001. F i 



82 

Year of 


LIST OP MEMBEBS^ 


Election. 

1887. fRoss, Edward. Marple, Oliesbire. 

1001. §Ros8, Major Roeald, F.R.S. 36 Bentley Roi'.d, Liverpool. 

1869. *Ros 8, Rev. James Coalman. Wad worth Hall^ Doncaster. 

1809. *Ros 8E, The Right lion, the Earl of, K.P., B.A., D.O.L., LL.D., 
F.R.S., F.R.A.S., M.B.I.A. (Vicb-Pbbsidenx, 1902). pirr 
Castle, Parsonstown, Ireland. 

1891. *Roth, II. Ling. 32 Preacot-street, Halifax, Yorkshire. 

1893. tRothera, G. B. Sherwood Rise, Nottingham. 

1865. *Rothera, George Bell. Hazlewood, Forest Grove, Nottingham. 
1901. *Rotteuburg, Paul, LL.D. Care of Leister, Bock & Co., Glasgow. 
1899. *Round, J. C., M.R.C.S. 10 Crescent-road, Sydenham Hill, S.E. 
1884. *Rou8e, M. L. Hollvbank, Hayne Road, Beckenham. 

1901. §Rouse, W. H. D. Cambridge. 

1861. IRouth, Edwabd J., M.A., D.Sc., F.R.S., F.R.A.S., F.G.S. St. 
Peter’s College, Cambridge. 

1883. IRowan, Frederick John. 134 St. Vincent-street, Glasgow. 

1866. JRowe, JRev. John. 13 Hampton Hoad, Forest Gate, JSsseje, 

1877. JRowe, j. Brooking, F.L.S., F.S.A. 16 Lockyer-street, Ply* 
mouth. 

1890. JRowley, Walter, F.S.A. Alderhill, Meanwood, Leeds. 

1881. •Rowntrbb, John S. Mount Villas, York. 

1881. •Rowntree, Joseph. 38 St. Mary’s, York. 

1876. ^Roxburgh, John. 7 Royal Bank-terrace, Glasgow. 

18^. I Roy, John. 33 Belvidere-street, Aberdeen. 

1899. JRubie, G. S. Belgrave House, Folkestone-road, Dover. 

1876. *Rucker, a. AV., M.A., D.Sc., Sec.R.S., IMncipal of the University 
of London (President, 1901; Trustee, 1898- ; Treasurer,' 

1891-98; Pres. A, 1894; Council 1H88~91). 19 Gledhow- 
gardens, South Kensington, S.W. 

1892. §Rucker, Mrs. Levetleigh, Dane-road, St. J^onards-on-Sea. 

1869. §Rudler, F. W., F.G.S. The Museum, Jermyn-street, S.W. 

1901. *Rudorf, L. C. Q. 26 Weston Park, Crouch End, N. 

1882. IRumball, Thomas, M.Inst.C.E. 1 Victoria Villas, Brondesburv, 

N.AV. 

1896. *Rundell, T. AV., F.R.MetSoc. 26 Castle-street, Liverpool. 

1887. tR'iscoe, John. Ferndale, Gee Cross, near Manchester. 

1889. ]; Russell, The Right Hon. Earl. Amberley Cottage, Maidenhead. 
1876. •Russell, The Hon. F. A. R. Dunrozel, Ilaslemere. 

1884. JRussell, George. 13 Church-road, Upper Norwood, S.E. 

Russell, John. 30 Mountjoy-sqnare, Dublin. 

1890. 1 Russell, Sir J. A., Uj-D. Woodville,*Canaan-lane, Edinburgh. 

1883. *Ru8sell, J. AV, 16 Bard well-road, Oxford. 

1852. •Russell, Norman Scott. Arts Club, Hanover-squaro, W. 

1 876. tRussell, Robert, F.G.S. 1 Sea View, St. Bees, Carnforth. 

1886. tHussoll, Thomas H. 3 Newhall-street, Birmingham. 

1852. *Russbll, William J., Ph.P., F.B.S., V.P.C.S. (Pres. B, 1873; 

Council 1873-80). 34 Upper Ilamilton-terrace, St. John’s 

Wood, N.W. 

1886. :(Ru8t, Arthur. Eversleigh, Leicester. 

1897. (Rutherford, A. Toronto, Canada. 

1891. “(Rutherford, George. iJulwich House, Pencis^ly-road, Cardiff. 

1887. (Rutherford, AVilliam. 7 A’^ine-grove, Chapman-street, Hulme, Man- 

chester. 

1889.*^ (Ryder, W. J. H. 62 Jesmond-road, Newcastle-upon-Tyne. 

1897. (Ryerson, G. S., M.D. Toronto, Canada. « 

180B» §Ryland, C. J. Southerndon House^ Clifton, Bristol. 

1865. IRyland, Thomas. The Redlands, Erdington, Birmingham. 



LIST OF MEJ^ffiERS. 


e3 


Year of 
Jilection. 

1883, JSadler, Robert. 7 Lulworth-road, Birkdale, Southport. 

1871. t Sadler, Samuel Champemowne. 180 Aldersgate-street, E.C. 

1886. Clafr, Geortje^ FM.S, 225 Crntth Itoad^ Cardiff. 

1893. iSiiLiSBUEY, The Most Hon. the Marquis of, K.G.‘, D.O.L., F.R.S. 

(Pki: 8 Ii>bnt, 1894). 20 Arlington-street, S.W. 

1 881. JSalkeld, William.. , 4 Paradise-terrace, Darlington. 

1857. JSalmon, Rev. GHeorob, D.D., D.C.L., LL.D., F.R.S. (Pres. A, 
1878). Provost of Trinity College, Dublin. 

1873. ^Salomons, Sir David, Bart., F.G.S. Broomliill, Tunbridge Wells. 

1887. Carmona, Kersal, Manchester. 

1801. ’^Samson, Henry. G St. Peter’s-aqiiare, Manchester. 

1894. tSAMUBLSON, The Right Hon. Sir BimyiiARi), Bart., FJi.S.5 

M.In8t.C.E. 66 Prince’s-gate, S.W. 

1878. JSanders, Alfred, F.L.S. 2 Clarence-place, Gmvesend, Kent. 

1883. {Sanderson, Deputy Surgeon-General Alfred. East India United 
Service Club, St. James’s-square, S.W. 

1803. {Sanderson, F. W., M.A. The School, Oundle. 

1872. §Sander 80N, Sir J. S. Burdon, Bart., M.D., D.Sc., LL.D., D.C.L., 

F'.R.S., F.R.S.E. (President, 1893; Pres. D, 1889; Council 
1877-84), Regius Professor of Medicine in the University of 
Oxford. 64 Banbury-road, Oxford. 

1883. {Sanderson, Lady Burdon. 64 Banbury-road, Oxford. 

Sandes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry. 

1896. § Saner, John Arthur, Assoc. M.In8t .C.E. Highfield, Northwich. 
1896. {Saner, Mrs. Highfield, Northwich. 

.1892. § Sang, William D. Tylehurst, Kirkcaldy, Fife. 

1886. §Sankey, Percy E. 44 Russell Square, W.C. 

1896. •Sargant, Miss Ethel. Quarry Hill, Reigate. 

1896. {Sargant, W. L. Quairy Hill, Reigate.' 

1901, §Sarruf, N. Y. * A1 Mokattam,’ Cairo. 

1886. {Sanborn, John AVentworth. Albion, New York, U.S.A. 

1886. {Saundby, Robert, M.D. 83a Edmund Street, Birmlngbam. 

19(X). *Saunder, S. A. Fir Holt, Crowthorne, Berks. 

1868. {Saunders, A., M.Inst.O.E. King’s Lynn. 

1886. {Saunders, C. T. Temple-row, Birmingham. 

1881. {Saunders, Howard, F.L.S., F.Z.S. 7 Radnor-place, W. 

1883. {Saunders, Rev. J. C. Cambridge. 

18^6. {Saunders, Trelawney AV., F.R.G.S. 3 Elmfield on the Knowles, 
• Newton .iVbbot, Devon. 

1884. {Saunders, Dr. AY iLLJAM. Experimental Farm, Ottawa, Canada. 
1891. 1 Saunders, AV. H. R. Llauishen, Cardiff. 

1884. {Saundersou, C. E. 26 St. Famille-street, Montreal, Canada. 

1887. {Savage, Rev. Canon E. B., M.A., FAS. A. St. Thomas’ Vicarage, 

Douglas, Isle of Mali. 

1871. {Savage, '•AV. D. Ellerslie House, Brighton. 

1883. {Savage, AV. AV. 109 St. Jaraes’s-street, Brighton. 

1883. {Savery, G. M,, M.A. The College, Harrogate. 

1901. jSawers, AV. D. 1 Athole Gardens Place, Glasgow. 

1887. §Sayce, Rev. A. H., M.A., D.D. (Pres. H, 1887), Professor of 
Assyriology in the University of Oxford. Queen*s College, 
Oxford. 

1884. {Sayre, Robert H. Bethlehem, Pennsylvania, U.S,A. 

1883. ^Scarborough, George, Whinney Field, Halifax, Yorkshire. • 

1884. {Scarth, AVilliam Bain. AVinnipeg, Manitoba, Canada. 

1670. *ScHXFBR, E. A., LL.D., F.R.S., M.R.O.S. (Gen. Seo. 1896-1900; 

Pres. I, 1894 ; Council 188793), Professor of Physiolbjf;^ in 
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, Zoological Society. 

^lancliestcr Literary and Philosophical 
Society, 

, Mechanics’ Institute. '' 

Newcastle-upon-Tyne, Literary and 
Philosophical Society. 

, Public Library. 

Norwich, The Free Library. 
Nottingham, The Free Library. 

Oxford, Ashmolean Soci 3 ty. 

, Radcliffe Observatory. 

Plymouth Institution. 

r Marine Biological Association* 

Salford, Rcwal Museum and Library. 
Sheffield, University College. 
Southampton, Hartley Institution. 
Stonyhurst College Observatory. 
Swansea, Royal Institution of South 
Wales. 

Yorkshire Philosophical Society. 

The Corresponding Societies. 


1 
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EUROPE. 


Berlin? Die Kaiserliclie Aka- 

demie der Wissen- 
schaften. 

Bonn Univex'sity Library. 

Brusiijels Rc^al Academy of 

Sciences. 

Cbarkow University Library. 

Coimbra Meteorological Ob- 

c servatory. 


Copenhagen ...Rc^al Society of 
Sciences. 

iDorpat, Russia... University Library, 


Dresden Royal Museum. 

Frankfort Natural History So- 

ciety. 

Geneva Natural History So- 

ciety. 

Gottingen Universitj' Library. 

Griitz Naturwissenschaft- 

licher Verein. 

Flalle Leopoldinisch-Caro- 

linische Akademie. 

Elarlem SocidhS Hollandaise 

des Sciences. 

[leidelberg University Library. 

flelsingfors University Library. 

Iona University Library. 

S^azan, Russia ...University Library. 

\iel Royal Observatorj". 

S^iev Umversity Library. 

Lausanne The University. 

Leyden University Library. 

Liege University Library. 

Lisbon Academia Real des 

Sciences. 


Milan The Institute. 

Modena Royal Academy. 

Moscow Society of Naturalists. 

University Library. 

Munich University Library. 

Naples Royal Academy of 

Sciences. 

N icolaieif. U niversity Library. 

Paris Association Fran^aise 

S our TAvancement 
es Sciences. 


.Geographical Societ3\ 
.Geological Society. 
.Royal Academy of 


Sciences. 

School of Mines. 

Pultova Imperial Observatory. 

Rome Accademia deiLincei. 

Collegio Romano. 


Italian Geographical 
Society. 

Italian Society of 
Sciences. 

St. Petersburg . University Library. 

Imperial Observatory. 

Stockholm Royal Academy. 

Turin Royal Academy of 

Sciences. 

Utrecht University Library, 

Vienna The Imperial Library. 

Central Anstalt fiir 

Meteorologie und 
Erdmagnetismus. 

I Zurich General Swiss Society. 


.. 

^mbay 


Calcutta 


ASIA. 


.•...The College. 

liLlphinstone Institu- 
tion. 

— Grant Medical Col- 


Calcutta 

Ceylon... 

Madras... 


lege. 

Asiatic Society. 

4....!...IIooghly College. 


Tokyo 


.Medical College. 
.Presidency College. 
.The Museum, Colombo. 
.The Observatory. 
.University Library. 
.Imperial jUniverwiy. 


1901 . 


AFRICA. 

Cape of Good Hope . . . The Royal Observatory. 

H 
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Albany 
Amherst .. 
Baltimore 

Boston 

California 

Cambridge 

Chicago . . 


Kingston 

Manitoba 

Mexico 

Missouri 

Montreal 


AMERICA. 


.The Institute. 

.The Observatory. 

.Johns Hopkins Uni- 
versity. 

. American Academy of 
Arts and Sciences. 

.The University. 

.Lick Observatory. 

.Harvard University 
Library. 

.American Medical 
Association. 

.Field Columbian Mu- 
seum. 

.Queen’s University. 

.Historical and Scien- 
tific Society. 

. . Sociedad Cientifica 
^ Antonio Alzate.’ 

.Botanical Garden. 

.Council of Arts and 
Manufactures. 

.McGill University. 


. New York American Soctbty of 

I Civil Engineera^ 

j .'.Lyceum of Natural 

I History. 

: Ottawa Geological Survey of 

I Canada, 

j Philadelph i a . . . American Philosophical 
Society. 

. Franklin Institute. ^ 

i Toronto The Observatory. 

i The Canadian Insti- 
tute. I 

The University. 

Washington ...Bureau of Ethnology. 
Smithsonian Institu- 
tion. 

The Naval Observatory. 

..United States Geolo- 
gical Survey of the 
Territories. 

r.ibrarj" of Congress. 

Hoard of Agriculture. 


AUSTRALIA. 


Adelaide . . . 

. The Colonial Govemmeiiti 
. The Royal Geographical Society. 

Brisbane . . . 

. Queensland Museum. 

Sydney . . . 

. Public Works Department. 

. Australian Museum. 

Tasmania . . . 

. Royal Society. 

Victoria . . . 

.. The Colonial Government. 


NEW ZEALAND. 
Canterbury Museum. 
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